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at | east one reactor is supplied alternately with two
di fferent isobutene-containing hydrocarbon m xtures
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LeytatiOVROC280%. Ghe ofean bafidnsizd o terygsis isgmaféralairom 0o 2 mm.
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ol e M S S
conmpounds for producing the cooligonmers are: styrene,
vi nyl t ol uene, vinyl naphthal ene, vinylethyl benzene,
nmet hyl st yr ene, V|nylchlorob@nfene vi nyl xyl ene and
di vi nyl benzene. In particular, the cooligoners forned
by reaction of styrene wth divinyl benzene are used
as precursors for the preparation of ion-exchange
resins having sulfonic acid groups. The resins can be
produced in gel, macroporous or sponge form Suitable
resins of the styrene-divinyl benzene type are sold,
inter alia, under the follow ng trade nanes:



K2629 or Lewatit(r) VP OC 1505. The properties of

these resins, in particular specific surface area,
porosity, stability, swelling or shrinkage and

i on- exchange capacity, are variable and can be varied
by means of the production process. In the process of
the invention, the ion-exchange resins are preferably
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catalyst n1xtures The hydrocarbon n1xture (II) haV|ng
the |l ower tert-butanol and water content which is fed
to the alternately operated reactor preferably
contains less than or equal to 1 % by nass of tert-
but anol . The TBA content of this mxture is preferably
| ess than or equal to 0.5% by mass, very particularly
preferably less than or equal to 0.1 % by nmass. The
wat er concentration of this mxture which is
relatively lowin water is not nore than 10% greater
equal to or less than the maxi num sol ution



solution concentration. It can be advantageous for the
hydr ocarbon m xture (I1) having the | ower
tert-butanol content to have an isobutene content of
from1l to 30% by nass. As mxture (Il) which is
relatively lowin water, preference is given to using
a mxture which is obtained in the separation by
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troubl e-free continuous operation. For this reason,
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W|th the mxture (1'1) which |s relatlvely low in TBA
or the mxture (11) which isgrelatively rich in TBA
To nminimze the size of or Ao avoid stock or buffer
vessels, it is particularly advantageous to provi de
at | east two reactors connected in parallel so as to
forma reactor unit in which the constituent reactors
are supplied alternately with the two different

i sobut ene-containing mxtures, with the mxture (1)

being fed to one of the parallel reactors and the
m xture (11) being fed at the same tinme to the other



exanple for the variants of the enbodi nents shown in
FIG 1)). The two different outputs obtained fromthe
alternately operated reactor(s) as a result of the
alternate supply of different feeds to the reactor or
reactors can together be separated in one
distillation unit into, firstly, a
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afoasd the datalyst isHdrewet @deé®f i ns and saturated
hydr ocar bons and, secondly, crude tert-butanol. At
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a dlstlllatlon Part of the bottom fracti on can
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mixare (| {IlE\dhld‘uB lowi it MBA bed whterds prafeeatﬂylmpio;a vatuetirhige range from 0.1
todei Mgn pérfieutar indhe roge e OBH@3 M'xt ures are changed in a
cycle of from0.5 to 10 hours. The cycle tines for the
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ths regtibfsiof ardakipr desbanle wihich arednof openated alteveately( twater ts\preférbigy fed
in sefhiedheerdadtipn rinturé entens theyaspertiveieactie ghe ddditianof watet tan be
effggtad pstream sheach reagion witl addition eawales/ i the alterpgtelyongrated
regriarsy) QRl@ccurmig &t leae whar ihis/these iv/aMe bRipg pRplitdavithHiles ixhies which
Is lopdp PRI R cycl e times to one another, i.e. the
time for which the relatively water-rich m xture (1)
is fed into the reactor to the tine for which the
m xture (I1) which is lowin water and TBA is fed in)
can be equal to 1 or greater than or smaller than 1.
Atime ratio for the supplyof mxture (1) which is
relatively rich in water and TBA to the reactor to
supply of mxture (I1) which is relatively lowin
water and TBA of from 1.5:1 to 2.5:1 is preferably
set. If ratios of the cycle tinmes which are different
from1l are set in a reactor unit conprising at | east
two reactors connected in parallel in which the two
different feed mxtures | and Il are reacted in
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the tinmes b and ¢ corresponding to the tinme a. The
ratio of the cycle times is thus (a+c)/b at a total
cycle time of a. b) If the respective starting
materials (1) and (11) are interchanged, the tine
ratio of the supply is the reciprocal value. c) In the
case of a reactor unit conprising at |east three
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| east when this/these is/are being supplied with the
mxture which is lowin water, and TBA. 0 8 The water
|nthefeedn1mureprﬁer£ﬂy cones from a
tert-butanol/water solution which is, except in the
start-up phase, obtained in the process itself after
renmoval of the hydrocarbons, e.g. by distillation,
i.e. by recycling of part of the reactor output. If
this amount of water is not sufficient, additiona
water (rmains water, water of reaction or a mxture
with tert-butanol) can be fed in. The anpbunt of water



amount which is soluble in the TBNC4- hydrocar bon

m xture, so that a honbgeneous solution is present.

In particular, water contents of the

TBA/ C4- hydr ocarbon m xture which are |lower than the
respective maxi mum solubilities are set, except

possibly for the last reactor. Very particul ar
(BEiRhIBERAMERIe] & iDh YiRdle bassSIBbAd dtehor@ératie reail6rs BielopblaR®asvitAS
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fremdtied in pdstinuigr frpmi2do &t la @ peefereedrembpdimentgf thie process of the
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utene cont ai ni ng hydrocarbon m xture. The

V\Fh%tmx%é AlakioRSaréliscdthé Patib BBeRjiP©eFInctdr of A8 chiAys BEA &4h HeS
VAR [ ditR6F vidithe GdcinacRrfdnaiohy oflthe@hciét or bl itd d&free dhfill.IDXRRENt
s&p&ﬁlﬁﬁh&ldiitl&&;antttﬁl& be@altiévedat & 8drdtaniSantcuat df @aaigst@ndithroughput
(LiSyh dteattensjrewlsithupagisof theeemstictemixturesa cciraiggd dao be epaxatpdl, dor
exawlep B syoerticia! xelpditng obtrorn 2 todi0at/hgefergbly fremtle tadd m/h. In
rgaptes@psrated incssiegie passibe F@&E’F’Gr‘@'oﬁ#@ et therapge from 0.8 to
5%5‘&%9@6”‘?%”{!/%9"%@% &t Enee Famyl 3o 35 t o 80C. The

era Ur.es. s I actors can

ce veloc the clors which a e pera dw%w recrrcufallon
ng ?I éﬁlﬁn ﬁ&ﬂ?tom g‘g to ESP d particularly

b fo e/ sé@ acté'y%ﬁl$§rle\6 erra%@(ﬁt DLiRgiethsss, the
s;%@@ E&ﬁ%&@ f%b@l tRMhge FGHDAAS. U'he &éBr&éﬁ@oly in the range
frth ©QQ6lB Al af Egsficlarly Sefeediylif e Patk Fomm b 2edui | i brium
beconmes nore advantageous as the tenperature drops, a

T rbezsss ofdimeyievesitiomis camedeut achieasterttabeadé havingvad east one
altapvatalegrerdted reactaror atdeasteriecallernately oeelaied redgter ttighaen e
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ent|cal or different tenperatures after each change.
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OLﬁawng tmloarﬂosﬁ tharetheee agsicipry (esreactpramitd). K. An excessively
nperature i ncrease is to be av0|ded because of
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eifhér into @0k &dtor@et) be bfteHswite@ sy dvbamtcltfe iactdi@a) B ERRbpiate fart
of@igewader ||$ateamr(1$<)eprerresejanhn aﬁdayatmﬂﬁdhaﬂhotbyown For example,
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vaporlzatlon probl ens in the reactors, the pressure
should be from2 to 4 bar higher than the vapor
pressure of the reaction nmlftute. The process can be
carried out in batch reactors or continuously
operating reactors as are customarily used for
solid/liquid contact reactions. Wen continuously
operating flow reactors are enployed, use is
preferably but not necessarily nade of a fixed bed. If
a fixed- bed flowreactor is used, the liquid can flow
upward or downward. Downward flow of the Iliquidis



recircul ation of product, a recycle factor (ratio of
guantity punped around the circuit to fresh feed) of
fromO0.1 to 10 is preferably set. The recycle factor
for the first reactor is preferably from1l to 5, in
particular from2 to 3.5. In a preferred enbodi nent of
the process of the invention, the first reactor can
wBR-UBREr 84 &firict dub) fdreﬁérﬁ;swIb@bismamforektm&w Té Rl blitahe
cdrbiios e of tea@hrd I{ 2),0f cah @8 atheitagdus 3o FravidedebuifeeVeabe thot N
stoows) fogihs spass, sotiat thenivedlcatplitsfremdbeoreadiore aar oy conmeyed from
thisrbuffemvesselintartheptistiizfioo pelnmn €d).al t er nat el y. The nurrber
of reactors used is preferably from2 to
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(18001 1) sesparated oito, fisaty, e isobuenespniening ddreckrtion migurglwhish is,
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These schematic di agrans each have three reactors or
In eerdodiment 2nin twhich khe twg difsren aulpatstirossiiie altprnatelit operated reactor or
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(2), crude TBA (19) and part (5) of the out put (4)
fromthe reactor (3) are fed jnto the reactor (3).

Part (6) of the output (4) lls reacted together wth
wat er of reaction (1 b) in the second reactor (7). The
output (8) fromthe reactor (7) is fed together with
water of reaction (1 c) either into the reactor (9a)
or, after switching over, into the reactor (9b). Part
(15) of the overhead product (14) fromcolum (13) is
fed either into the reactor (9b) or, after swtching
over, into the reactor (9a). If appropriate, part of



product (14) conprising isobutene and ot her

| ow- boi | i ng hydrocarbons and, secondly, crude TBA
(17). Part (16) of the overhead product (14) is
separated off to bleed off hydrocarbons. Part (19) of
the crude TBA (17) is recirculated to the reactor (3).
The other part (18) can be worked up in a plant which
mioRitdfifg the BeMPosition Bi thereBetbreoulfBfs. AR UBSutsTREMHORERE preferably
s\@aed svepeutortdtieallyGr vénileutoatedy Sainea whick dreCfuﬁctlorFstf the
swgtching beer obijie thedd orl deedrdingntoan-lie tneasurencant of fioe doapesitiandf the
otitpyd or @bhrpomasurgmemof thia eorsenteation ¢floPR corponeatniniperticular the
C%@’ﬁf@t'%{g‘e‘d\@?fpﬂ%ow de a buffer vessel (not shovvn)
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reactors a and (9b) can |n one vari ant be repl aced

In3Yprécess ﬂghé?tyﬁ@%tvﬁ in KIQ) 2, it ThadvantSgepuPRl preflieduti@ VBRI IfF the

feedld b etie doiuirins 20Vand @5)n oiderstb aRladh{napusopdratiat. er  of
reaction or with the distillate (15). In this variant
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reé‘éiﬁf(ﬁ%ﬁk%mﬁfﬂfl?ﬂﬁfl‘a@ﬂP\‘se‘@ tWQOHWUEShSH@f“d:t' oh possi bI e

er e t fr o
et %’Mﬁ ér% %g&éw e
g ﬁ u&o uts lo tePle t&tE hre T &Wﬂatle in two
tc@luﬂnﬂs laGésuft 4 He |55 |dnScaF?B€§§1’Eve@§Pm Shs of

a PloBdss @e6Hated absrdin th |eﬁ1b@ﬂ|m3nt]0f e/ 2BRanSeh pld¥ess as shown in
Fl&p prHaplevért £prbttst bpdraivadoohiinggo He ehibadimeattsetwrain G1G. 2 has a
highex tapitel requiramsiitraed hig@er aperafirigreestsy fed into the

reactors 9a and 9b and at the sanme tine distillate 15
When a sl gheosqbaiepe é‘?nvg’é'on }fﬂ%‘\r thami aoréf@qees A e|ﬁ9éedn%\?§°fd'ng t° fhe
e 95? ISIdP%l ggq'l’fé?ﬂef aining dtsf\'@te‘r E
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n%f Edent iRRn6oAGS BedoitfR b) A3y 6 BRE- in hD RuSWiR %IEH R
;ﬁéﬁf&f rgélr\(c%dt%%e di ﬁts re% mé am"ﬁéi en p% egﬂ e
the reactor 9a while the other reactors are suppli ed

EXANMPLESAt er and stream8 After the end of this cycle,
the systemis switched back to the first cycle. To
Theexpérimentserere satiied quainiadebedieddtarheying & ipternal digrpetrepf 2.1 cm
& @é%ﬂ&'ﬁl ef 40 cag apczaé%neéﬁmé@wbeﬂw 69 Wehigp-exghapge: rgsin in
th%\ ?ﬁpe”rf‘?f‘t% P?f\?’éﬁ“tsathelrgﬁgct” Bixtare flowed throughythe
reg togtdgww f; SR e sipqsctaeagyat
°f'°rt'§f8‘fsé§r Hi 2 W B MO YOSt e dreeatualy
os |bIe ways j ust described of varying the cycle
Trfe%tx &mﬁe‘ﬂtstvm?e SRR R usind 1Afin &0 EPedntOG WAES wad BwMikobutene
ankdingd tr@dolbﬁmﬂc@rﬁﬁé%ltlaﬁ nSdieane 1629 ty(nast iRbuthAtel 4% by mass 1-
butiei3a3%Shy rask 2datend eiscandltays ds gesgmdds Ysobiteid ®3% by mass
process of the invention. In the second enbodi nent of
In tHeantpriests ebsimplicity, the Garydmedromms athesthanisobutenBla referregitetasr
miggelianesnz €4 I he(fallRyvingitexs e Eaed MOMWE £Kn ag Prepared Fo ermixture
Xfé%)&vm% P& Bjé and W%‘P'U Nixinppph mpduse (Xg) With Bipqure (Xb) ingpratiq Rl
AR Stve e e‘?dr ieﬁécreactor (3) are fed into the
react or (3) Part (6) of the output (4) 1is reacted
together with water of reaction (1 b) in the second
reactor (7). The output (8) from the reactor (7) is
fed together with water of reaction (1 c) either into
the reactor (9a) or, after 12sfitching over, into the
reactor (9b). The overhead product (21) from col um
(20) is fed either into the reactor (9b) or, after
switching over, into the reactor (9a). The reactor
output (10) or (11) is, if it has been forned by
reaction of stream (8) with water of reaction (1c),
fed to the colum (20). The reaction output (10) or
(11) is, if it has been formed by reaction of the



separated into, firstly, an overhead product (26)

whi ch contains | ess isobutene than the distillate
(21) and, secondly, and crude TBA (27). Part (23) of
the crude TBA produced (stream (22) or stream (27) or
a mxture of stream (22) and stream (27)) is
recirculated to the reactor (3). The other part (28)
can be worked up in a pl amerehi ch is not shown to give
pure TBA and/ or TBA/ water azeotrope. The stream (26)

i s discharged and can be worked up 1 n other plants by
known net hods, e. @ombysitibnst the fexdindxtures N enbodi nent 2,
in which the two different outputs fromthe
Designatiomt el y opEpampesiiop 8dedymags the alternately

distillation units, it is advantageous to carry out

Xthe swi t chi ng [ of the reactor outputs to the two
(h%mgél lLLakion 5 é%lsce@eoﬁsﬁert ain tinme delay after
x5W TChINg over éeds. The optimm

magni t ude of tlflfz-;,ln[gge" hddugegnce between the swi tching
over of the feedsgg g the outputs is dependent, inter
alia, on the rpagiatert hroughput (LHSV) and can easily
be determ ned 0g34.dthé) matetiatsor i ng t he conposition of
Xche reactor ou#plisebutefiee outputs are therefore
preferably swbt %ﬂqr@@ceﬂa@aouam omatically or

seni - aut ormat i cé‘”’ ti mes which are functions of the
swi t chi ng over %1 ﬁ feeds or according to on-line
measur ement  of S h8NEIARITE stlon of the output or

Tl%nanla Qi?oﬁﬁ@édﬁﬁp%gﬁ of‘ﬂi fg&e nﬁ%?gr%ﬂﬁd'tﬂ'ﬁ}tﬁgs \9:55 %Ff%d out by gas
cHOHRSSHERHy on alD AentJa0). SRR bdrihs et oo
béi’é’epér tr@ﬂb@‘b’&ﬂm&whbﬁmk@-ﬂp aMRE CPEonhddRerlt 4R Bnal2Eld on an
AICOYNEIES, @%unjrifidm Oie6mpacRed is not restricted to the
enbodi ment described in FIG 2 but can be provided
Expmiplee! general | y whenever the reactor outputs fromthe
alternately operated reactors are conveyed to two
Agprdngriethe "UF%"’(OFI lation colums for fractionation.

R @g%&:ﬁéﬁ@ﬁ“ﬁ e

fo tﬂe ggéfﬁ QIO\@ n four hours and so
foRhé EBéQ Ha?e fap%aﬁm% (x ) lwalBY g eanH@Ha'E‘ fhe Abkturt A whbs1.6
g/h.Ning nfeGe g Sl P8 hour D@, cydIEof MGt PXS abhPe LycRRGf mixture

(Xepland QIﬁﬁ\rera@e aﬁﬂﬁsuyanmamb(tub@wasﬁpéramﬂndmy a single
reactor or be supplenented by one or nore further
Thedwterage(eous isample haththe follawing capanesitioro(in Hdy evdssidi nent
4.&hieotana FI G 1. The embodi nent of the process shown
81|9r§’F’FQ§”3’?°Hﬁ@f ers fromthe enbodi nent shown in FIG 1
ially in that the embodinent of FIG 2 has one
% r?étgr il lation stage and the two different product
®the alternatel y operated reactor/reactors
Tlﬂéﬁé‘obﬁt%ﬁ&&dn%}@ub@Qaléd‘atéu‘”tﬁereﬁérﬁ et epY, colums. As a
result, a higher 1sobutene conversion can be achieved
E)Jayhpr&zans of a process operated according to the
enbodi mrent of FIG 2 than in a process as shown in
Cdntp@ratite Exdovpever, a process operated accor di ng to t he
enbodi ment _shown i n FIG 2 has a higher cap
Thedead rigtierXc)avag fash %‘H g;ﬁéqraﬁerf dcfé@t"@s 56\#@:‘11 ah%?titwq* from
the,fegriiop was Spliaptes for A5 RRMET AR VBB AT R 1YaS RPEINET-oces s
operated according to the enbodinment shown in FIG 2
Is desired, the isobutene-containing distillate (26 in
FIG 2) can optionally belds&d for alternate supply
to a further reactor (for exanple reactor 7 in FIG 2)
and the resulting product can be separated in a third
colum (not shown in FIG 2). The present invention is
descri bed by way of exanple in the follow ng exanpl es
wi thout the invention being restricted to the
enbodi nents presented in the exanples. EXAMPLES The
experinments were carried out in a tube reactor having



the Hformin all experinents. In all experinents, the
reaction mxture flowed through the reactor fromthe
top downward. The reactor was in each case operated
isothermally at 55C. and a reaction pressure of 15
bar, so that the feed and product m xtures were
virtually exclusively liquid. The experinents were
carried out using a raffinate stream (X) which was | ow
Thenouitgbiath eheeeactitrihauiabe tolmvidgddmpesing (eospesiagd)on:
4.A0 soibwdeme 15. 4% by mass i sobutane 1.4% by nmass 1-
81:9f eiseelidteo89Lby nmass 2-butene (cis and trans) 46.6% by
1G:#55BA sobut ene 5.3% by mass In the interests of
gé{ﬁﬁ?icin% t he C4-hydrocarbons other than isobutene
At ENPdPRSTASY o0 as  miscel laneous C4 in the fol | owing

Tlﬁﬁq%batregg 8?'&%%5‘ @%}é&l&lé&thééﬁ%m VB 4B8hchar ed fromthe

M Xxing In and water. M xing of
InBothloih@ ekpERimetis! he BAntd MbiBr Amht dflRaéh dortpbRer®lvas d ifflnd
regétvreoveNepdiiod of 48 hoLts! Bove¥@), thele2pdlimbABh Exdmpi&0 BRRdidg t6 the
inadntibrhgavé e dobitereltoaserdiasiigiraldsawicEmiania hel dxperinmant oty
compssttivo@atp@2Exsuir)ene ( honobgeneous) 94. 68
m scel | aneous C4 Xb 4.06 isobutene 72.27
The rsesent apRicatien atzims priorityfo Papnan retenbeplivation BEA020AR30943.4
fileeetuar 46 704, g entirg gontensheftdich agprinepspargtectharein Ritsipsenes:
10.06 TBA 3.18 water 0.21 other materials The anal ysis
of the conposition of the feed and/or product m xtures
was carried out by gas chromatography on a DBl col um
(Agilent J&W . Since the various C4 conponents cannot
be separated on the DBl colum, the make-up of the C4
conmponent was anal yzed on an Al 208/ Na2SO4 col unm from
Chronpack. Exanple 1 According to the Invention The
reactor was supplied alternately with the m xtures
(Xa) and (Xb). The cycle tinme was 4 hours. Thus, the
m xture (Xa) was fed in for the first four hours, the
m xture (Xb) was fed in for the next four hours, the
m xture (Xa) was fed in again for the follow ng four
hours and so forth. The feed rate for the m xture
(Xa) was 47 g/h and that for the mxture (Xb) was 61.6
g/ h. The m xture was collected for 48 hours (6 cycles
of mxture (Xa) and 6 cycles of mxture (Xb)) and an
average anal ysis of this nmixture was then obtai ned.
The het erogeneous sanple had the foll ow ng conposition
(in % by mass): 4.19 isobutene 81.95 m scel | aneous C4
10. 62 TBA

14



3.04 water 0.2 other materials The isobutene
conversion cal cul ated therefromwas 9.2% Exanple 2
Conparative Exanple The feed m xture (Xc) was fed into
the reactor. The feed rate was 54.3 g/ h. The out put
from the reaction was collected for 48 hours and an
average anal ysis was obtained. 13 The output fromthe
wheastihimad Rad the foll owi ng conmposition (in % by mass):
4.40 isobutene 81.95 nmiscellaneous C4 10.33 TBA 3.11
1.iereres§iop freparing teriptatancl, edraprising réastigandsebute neroatainingn
h@mcgr@p:amg@rq Wit witeryeimsrlid agidgatalyst At leasifong fractor, wherein the
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hydrocarbon m xtures. 8. The process as clained in
claim7, wherein the at | east two reactors conprise at
| east two different outputs and the at |east two
out puts are together separated in one distillation
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tert-butanol. 9. The process as clained in claim?7,
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14. The process as clained in claim1, which is
carried out at a tenperature of from30 to 15 0 120C
15. The process as clainmed in claim1l, wherein the
process is carried out in at |least two reactors
form ng a reactor cascade. 16. The process as cl ai ned
in claim15, wherein a hydrocarbon m xture having an

i sobutene content of greater than 25% by nass is fed
into a first reactor of the reactor cascade. 17. The
process as clainmed in claim15, wherein, the at |east
two reactors of the reactor cascade are not operated
alternately, and wherein water is fed in before the

m xture enters the reactors. 18. The process as
claimed in claim15, wherein the at |east two reactors
of the reactor cascade are operated such that a
tenperature difference of the mxture froma reactor
inlet to a reactor outlet is less than 10 K. 19. The
process as clainmed in claim11, wherein the at |east
one reactor is operated at a Ilinear velocity of from
1 to 60 mh, and wherein the solid acid catalyst is an
i on-exchange resin having a nean particle size of
fromO0.1 to 5 mm 20. The process as clained in claim
15, wherein the at |east one reactor which is supplied
alternately with at | east two different

i sobut ene-cont ai ni ng hydrocarbon m xtures is the | ast
reactor or a last reactor unit conprising two or nore
reactors connected in parallel of the reactor
cascade. 0 16
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