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Process for re aria tert butanol from
i sobut ene- cont ai ni ng hydr ocarbon m xtures The
invention relates to a process for preparing .
teit-butanol by addition of water onto isobutene in
t he presence of an acid ion exchanger in a reactor
cascade in which m xtures havﬂng di fferent
tert-butanol and water contents are fed alternately
into at | east one reactor. tert-Butanol (TBA) is an
Asss fo Brenaring Mt firom isplen echndsinimelhytl g i
i ndustrial scale and is used as solvent and as
internedi ate for the preparation of nethyl

Thetilneotigl aletes td a rodess plbﬁqmip@ﬂﬁ% hat-bith] RfyeRfi®i 6 water onto

. eroxi des such _as peroxy ketals, perestéers or
R B Bt FitE D Ay Ol gt o fesenon sagsa i mixtures
h@ig B {feEhOER-bEANBIOMA It bontbti e tte 351 ﬂeéingfegﬁr iﬁtg%ggepaftgme reactor.

initiators for free-radical reactions,
ol efin polynerization or crosslinking of plastics.

i . ' is for the recovery: .
B R R0} RS SR P ol ek SERAER st and
ugedrasheolymt epd iss ingrmedigagonthe prepirhgon 6f hodiyt thalacBflate. It is a

deblidd roups. Lis alkali tal salts are - .
PISHY odﬁgé%tgggée% J\’/\I,ﬁllg’%nh&p & mfff&% Eiuc:hﬁs Rﬁﬂ?ng?‘ﬂﬂi’é?é@?s or dialkyl peroxides
hapéngt atalegstbarteatertiarye dntyb groupt Thawdcdmpodsdsdare ajsadl g @kidants and as
i aglgl n.of Citﬂrzr opt o isobutene. | ndustrial o

AL (O o5l Exeohomio fom PTaris plefiB pobumgsiariien ot weosslinking of
pladtief. it &-Batiabl @bved adidtRMeSate fir thORISverPSBiukd RBbutene From isobutene

g%%erllpaulgﬁ are ysed, industrial processes enploy ]
TOERSHE: P ORE™MIF & is\ihieasent for ttheintroduntipy of terdary Soiyligemps. Its alkali
maaTkal®hrelshOn BB Wik WSedah &aﬁ?‘ gﬁx@}eg& and secondary

a

reacti ons such as hono ol i goner t1on or
het er ool i goneri zation of the olefins are virtually

- . | .
T e e PR PR Dy Uy IR B e i . mdusial
Ispvtene tigtugeo Gpguentlp)furtiren cpampeise iothenlctins tsheh REACH@Rs. If these

' i i er-contai ni n atal yst solution
s AR A 1o G B0 0B Vb R ey oty
the iobwiemisll @ tiise vhérchlefiseart b hed kitohdi®y F@8Ednk Qch as homo-
011% se%%%)e u gd. .The hydratjon of_ isobutene to
SPEBUPRRO P CHETREAeD of the olsfins a8 wirtealivasapanleely suppressed.
Sushipaltedtare aQlallP ariB@ bR thel Nuld Whasd Mdldah Be Hﬁvﬁec%ﬁ i3b $wo groups:

nor in Iheiﬁ,gr&gucts has the advantage that t
2) PEGESPHI WhiFh, the reaction scaried pubiaiagwaiercbontainingcatyst selutign and b)

holdfogeifiobl Ratbiié pRIEBANh WHih LARSEHHEAURE hoBilblc in the reaction

redi ssoci ation or by other secon y reacti ons.
Phages88 8. prooceeds on the surface of the

The hydration of isobutene to tert-butanol with the aid of solid acid catalysts’ which are
soluble neither in the starting materials nor in the products has the advantage that the reaction
mixture is free of acid and can be worked up to obtain tert-butanol without losses caused by
redissociation or by other secondary reactions. The reaction proceeds on the surface of the
catalyst. For a reaction to take place, both reactants have to be present at the same time at the
active site of the catalyst. This is made difficult by the fact that water and isobutese or an
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30 catalyst. For a reaction to take place, both
reactants have to be present at the sane tine at the
active site of the catalyst. This is made difficult by
the fact that water and i sobutene or an

I sobut ene-cont ai ni ng hydrocarbon m xture are not

m scible with one another. To Zbtain acceptable
conversions, solvents which make a honbgeneous mi xture
of water and i sobutene starting m xture possible are

isvbetbne-contBiaingOhAtockdnAhixtiretRemet nisiklesatd Bes dhdber. To obtain
t hi s_purpose as sol vent both for water and for

SPEVEFFIOnh, SPLYenE MRich ek  omagguaey smbdute e water and isobutene

sBleh BturBSofIE Sed. t €7 t - Dut anol and  net hyl
tert-butyl gther are obtained side by side. In EP O

01.0 993 Al, aliphatic carboxylic acids having from!i
t se olvents for baqt
T Py POL o T PRl ST BB iR Bl Posdapwater and fo
imbuens cofant relrermaiotdmirne hydrocag MxnY- BE QRoGics, tert-butanol and
The ve to be hydral d to tert-butanol and
“&‘%‘ﬁg‘%@ﬁ‘?@ ey gte oblmed e besids ¢ used in DE 30 31 702
Al and pol yhydric al cohols of the neo type, for
neoEent | glycol, are used in US 4,327, 231.

exanpl e ! _ar €
I‘Tﬁgg‘)%ﬁ’%ﬁ TR spoalic eqdirhaving foms 1 fo 6reptbive atoms are used as
Bl%ﬁtswﬁs:m'ta:dﬂ%ﬁ?t@' b O his RGLEL tileSteflialy iyl i
Ssol vent useg w | be#tggggnﬂﬁ%ggg ’ fﬁr%}stgﬁlgﬁ g'hylp ger&fof B?ﬁme aolds are
forgieg a8 by-pragpets afliesmhave ¢o batyideblyzed setextibutadoiomtl agrbexylicheids.
target product, viz. TBA, is used as solubilizer in

some processes. Such processes are described, for

Selfolapiserre ised WODTHZE 7B, A DR3BS dRGAcaholSRF thekoTfpe, for example
nintadit a0 s Dol 108 G020 ThR RG0S Bl B bt shmpefioff from the

tavbutaridi h widitivhy it By GRgast the sélvdit esl WBOb Bedmposed in such a
egc;or cascade, The first reactor is usually
plsgbin

PRETA OPERI M ul ati on node and the others are
operated in a single pass. Wter of reaction can be
added before each further reactor. The output fromthe
Tiozgpidy thgse disadvantagsspthe darget mgdugt . | TBA, 18 is¢hansaiubilizer in some

PEOEEIOC RRbIO Brolb s E-8 d GO ﬁir%gaéﬁeﬁig i 83638574 y%;%ﬁe 58562 or DE

and crude TBA. Part of the cru ISTecire
192 59 Hé3 i Here, ¢ sixforsrof dlttydrosathen fipetion it avhidheisobutdnk iy pesent, TBA
: LV.E a_TBA wat er
T DR el Bl ke P oG el onde. Tho
réanior saswallywEmitdie redoiolatien mode midetht otheey #aspGated @M single pass.

C .0_react af, to proaress of the reacgtiop. .
VEREE By R o Sl BTl BTl pctrs
sé_ll_ﬁ?tdal?@yﬂiaﬂmaﬁoﬁ Qi lal 1ydtodabOE e doRtpBiking HRORULRRA i8dHktene and
cruge T%A.aPart of the crude TBA is recirculated to the first reactor. The other part can be
utilized as such or worked up to give TBA and/or a TBA/water azeotrope.

_ In these processes, the TBA content increases when the isobutene content decreases from

reactor to reactor due to progress of the reaction. The composition of the reaction mixture
approaches the thermodynamic equilibrivm between water, isobutene and TBA at a

decreasing rate, so that complete conversion cannot be achieved. Conversions of about 93%
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decreasing rate, so that conplete conversion cannot be
achi eved. Conversions of about 93% 3 can. be achi eved
at long reaction tines. However, if a higher
space-tine yield is desired, it is advantageous to
limt the conversion. For exanple, it can be
advantageous to |imt the coBAversion when using

i ndustrial isobutene streans, for exanple raffinate 1,
to from80 to 85% 5 The as yet unpublished patent

caﬁﬂ&l dchivedat [0y 1ARicdRihé] Heesed:] #ahiftRe sfacenmeid R dekired, it is
rt- butangl,k by reaction of isobutene-containing

?@?9&‘1“ Je it dhe ceaveriiety Hogteampiveit & by ag@nggeous to limit the
c&%%io)isﬁrﬁed ﬁ'sn?g md‘détﬁél' dbutdne sﬁ@a%so ﬂ’éﬁrgﬁb R#fidarP], 16 Mom 80 to
TBA present reaction mxture separ ated
8Pfof upstream of the | ast reactor so as to increase the
conversion. Despite this 10 inprovenent, the total
i sobut ene conversion at an approxi mately constant
Thepargettinpeblished gateritnpphasion DBy 16318Y 581 destBesttbe @i‘b@ﬂhﬁon of tert-

900/ The ubI i shed ent, applicati,gn
b B Phiscbunsreoniis 3R oS Rk e Pk fold acid

c@mym a\t \A%lﬁi'aﬁtjc@ﬁﬁidté‘r@t\ﬁdl PRESH thyY TBAI frbdehl AlthOftabtfonUfReire being
and in ich hi boilers 15 are al'so formed from

sepagtsd: o awatream Pf e last Fractat e 2610 dufrses fhe wenversmn Despite this
iSRBY%RIE, Afle tothlESbutdl8 c%ﬁemo@ 59&?3%&&1}%& SWPabdlime yield
_acidic substances which are insoluble In rea tion
inggeases by a8lydat )%y torabget 3904.er a si npl e work up but are

not satisfactory in respect of space-tine yield

and/or yield and/or selectivity, it is an object of
Théas yut empulilished/pastiit @pplicati@ODEr 1021 6:[!39991 mm @ pwbdesshfor preparing

i, V.S .a shi space-tun ield . S cti
TR el PR St Be iR s Nt A B g i boiters
atb a0 féraied dronbizbbiaeriRiag Miria gl Cnabiiatvelbseutens @bnveBion.

achi eved together with good selectivity in the

reaction of isobutene with water to formbutanol in a

Siee eleOkna pEREbsM fhick usé Qblid] RidbkbsBHBR PREEL SraVi8luble in the
the reactor is supplied alternately W th a m xture of

repQOB PR % GRIERFH trdch et TR ker Werk-ipi but @recnot FEifsfastRty in respect of
spied-Bine %@Qd aRdios R ENBoCANLAR}, N0ish%db Qélr 8?@5%&& Yhfention to

having "a | ower water and TBA content. T pres

Profige it prsesicwhbichigisisya piehvipdestime pn@de@s % b:ghpselmamngt 2 high
ishBUtd el 808hn ( TBA) by 30 reaction of an

I sobut ene-cont ai ni ng hydrocarbon mixture with water
over a solid acid catal yst .

It has surprisingly been found that a high space-time yield can be achieved together with good
selectivity in the reaction of isobutene with water to form butanol in a reactor charged with
solid acidic substances when the reactor is supplied alternately with a mixture of isobutene-
containing hydrocarbon mixture, TBA and water and an isobutene-containing hydrocarbon

mixture having a lower water and TBA content.

The present invention accordingly provides a process for preparing fert-butanol (TBA) by
reaction of an isobutene-containing hydrocarbon mixture with water over a solid acid catalyst

in a reactor cascade (which has at least two reactors connected in series), wherein at least one
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in a reactor cascade (which has at |east two reactors
connected in series), wherein at | east one 4 reactor

is supplied alternately with two different

i sobut ene-cont ai ni ng hydrocarbon m xtures of which

one has both a higher tert-butanol content and a

hi gher water content than the ther mixture. 5 The

present invention also provides a

‘tert-butanol -containing mxture obtainable by the

IeRCtE 8% Sﬂrmﬂied lalietnaielynwithotwo ﬂi:ﬁf‘emat isbhmélmcohwmgnl@dﬁicarbon mixtures

RSG50 S T D O i T4 S S 0 et

nigigkependent, inter alia, on the size of its
hydrati on shell. Dry or virtually dry ion-exchange
resin is highly 10 reactive but has a | ow selectivity.

E ] [ 0
RO s 3 YLl B iU Pottainatte by ine
prosel o dcingendioot ln@artmw@t byrengyebprecdss ascliiined irethe tlaings.

m xture and the conversion of linear butenes into
2-butanol. In contrast, acid ion-exchange resin which
The restivitabLan wiitl homa;t@ang&aﬁsm e hearehction o€ aﬁtnléﬂlnt iy depedbdent, inter

t do not cat ditian ter to
ol o i % oF s o, et i o il 98 Ghobthanie recin is higtly
rdayﬁkfeaﬁut Gas & hal belevtidlity. Mtisatalret Rt chbf @b }i&dlﬁoxﬂé?ﬁ watbrloat®{sobutene to
exchange,.resin js dependent, inter alia, on
%‘51 B b plEoBeTZI9B ShEgbHiens Pk ey olefinn @resent ixghe reaction
nfiXtufe 4RPHe TontdifloR 82 GhéaP Bufhied ﬁﬂpﬂb%ﬁoicﬂln%h%n&I% jon-exchange

hydr ocarbon m xtures with water is carried out
Tosky Wiich| ia satgtedke with araterhas sges lowaractiviathet &, dOBEnQDQatalyze the

e S SISO Bt
theicataliitie, activity ofiftie ivateschange msiﬁBsAdqzyendﬁae disteri ahaaon the water content of

t
bl S Dr R O RPN 1SR B Bk o dbpepsreontaining

hythmamun amnm:& vwifh wateefs damite @ESsiihd eakiyulbtheoncentration ranges. For
f TBA and the

’fﬂg‘%}@ 4% 3%#2?% %&SE%F%%%%&%{OE PG Copsing an isobutenc-

oddﬁﬁﬂﬁéohﬁlr&l@i‘ﬁbnsﬂﬁﬂﬁﬁes TR\ tahat wRehi@h TORVELSA ik Sa particularly
| eved en one reactor is 25 operated alternately
Wﬁe‘t‘\ﬁd%%l?‘f Fhe ther BEsg-comppRgng isrgpniginafromeisto 80% of the

nRRBNRR SrBuRCIPRRLL Il B4 hE Sotiifig e Mér%%edm%&ne of TBA
0ﬁ|rral in the prior art. was totally surprising

?m@b%t@%@orémmngaycb@@rmrmmft ure which is lowin
water and TBA or virtually free of water and TBA being
fed in, no decrease in the select|V|ty to the :
Itfwasntieraforcoversy Buepgisiog shater Mhomﬂvaision dy ehibeddhwhen one reactor is

ofe?&gc?gltel}gateslty %tsi%g )rwc:\{vg“?‘ferantS Feegl/ mixtures of which at least one has a composition
outside the range indicated as optimal in the prior art. It was totally surprising that despite a
hydrocarbon mixture which is low in water and TBA or virtually free of water and TBA being
féd in, no decrease in the selectivity to the formation of TBA (considered overall over both

operating states) was observed.

Jn the known industrial processes for preparing TBA, the concentration of isobutene decreases
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30 In the k own industrial processes for preparing
TBA, the concentration of isobutene decreases 5 and
the concentration of TBA increases in the reaction

m xture fromreactor to reactor due to the progress
of the reaction. The conposition of the reaction

m xture approaches the thermddynam c equilibrium

bet ween i sobutene, water and TBA at a rate which
decreases from reactor to reactor. 5 To increase the

arRiOhY 6:50fatidh of TBAUInEREseE i the FBRLbRmifereFRERESoOh bifor due to

invention, the hydrocarbon fraction conprising the
thgpregrese @f i the peactpe The sepapdtien obrthe frpaston weixfisn @ppigaches the
KSRl RN Bk BT BRAR: Fate2 R T ¢ a8 WMok dcoreases from
repgtactogrgctyer ef erably the last reactor, with the proviso
that this reactor is supplied alternately 10 with the
reaction mxture fromthe previous reactor and wth,
To finapge ope i catreersian df tisobnrhe imloeTBAO e tiodele of the invention, the
recircul at ed i sobytene-contai ni.ng hydrocar bon 0;[} xt ur

hydosuEhi FeRoR “RmPing e Esacied dqbpishs isteparated off from the reaction
MR UERRGr 166 MsBieRbtBOand! AR Bo&RYfahid SraMtdnl 1§ A cir¥uied TPA least one

it is far away fromthe equilibriumbetween TBA
repfen Prefeblfhe fat wactorrge: the nravis thehhis wpoteiis supplied altetnately
wi CHon Wik fro i ateCadditi

15 ey R REL B0 LA SRRt o cgions
orgwith theoresitglaterssobitene-containingttedosarbpm mixture ay febdwainwe Bince the

 refibeli B tdoBieRd %&ﬁﬁg%{&g@pﬁg@w& M fﬁglsf OByay from the

raction, resulting y 1°'ncr east n
eqitiricin befweue TBAN thobutppl arndngateh dhugactagge pawi dfithe isobutene can be

oo AT o B DGR B0 TP Satrof eston

Tingo ket estystiis Pardpidewated 97 fadiBA dfSthb RMobhighd-donlisiag Sdrocarbon
and t he\'ﬁ drops, to.the usual value as a consequence

Sagtiopateshipe it s e Dgesire hdier sTarhyeg ovennad suRivigg dhe reactor

withQ hh@urd Of R ahd R &lipdtSPom dhe PledidGE raPBE Qnd tddBton rate for the
yield is obtained for this reactor than in the case of

reagiopenitisabiiene gk et do formn EB A dntiallyesrentertangd thanedsenst to the usual
| [ | G Blish =S n t

thiﬁae/%wyitae‘lggs‘éqg?ﬁcgr%&g %JS%&I ncr easedq'g\)/htli))lI }eﬂet %g‘wssgl %(’:t [ Iﬂﬁ)}}é? the two

opesatmretates) @- kighes sp8-timeeyipldoiseahtaindd fon dhis meastor itham insthe case of

coqﬁgr&{oitnglecﬁ,epﬁlogw by way of exanple without the
orn,

I nventl

The advantage of the present invention is that the conversion of isobutene and thus the yield

of TBA is increased while the selectivity remains the same.

The process of the invention is described below by way of example without the invention,
whose scope is defined by the claims and the description, being restricted by this. The claims
themselves are also part of the disclosure of the present invention. If ranges or preferred
ranges are indicated in the following text, all theoretically possible subranges within these
ranges should also be considered to be part of the disclosure of the present invention, without

these having been explicitly mentioned for reasons of simplicity.
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whose scope is defined by the clains and the
description, being restricted by this. The clains
t hensel ves are also part of the disclosure of the
present invention. If ranges or preferred ranges are
indicated in the following text, all theoretically
possi bl e subranges within these 30 ranges should al so
be considered to be part of the disclosure of the
present invention, wthout these having been
explicitly nmentioned for reasons of sinplicity. 6 The

,rgr ocess gf t.he invention for pr,e%ari ng TBA is based on
% Rrogess ok iedavengpn g?fé’ﬁ%anﬁg TBAns baed op thyarrogasses ier preparing TBA
dREHBEd ialthe priorrt, &1 i ; ;
R et D Re Ll o YB e e LY s Wit it
progess tof dhe invenldanp et rastrnestigpivn eaingmbupplicidlmimataly tWitht o different
: i ai ni ng hydrocar bon i res
il ot BRSLERG SR s MHEREE Vol o A B, The
proaesa pmiam_e&:rs@feﬂ?%cﬁadhé ﬁte‘ﬁ fpﬁo?ﬁt £l &f&rpir@ﬁraﬁbn f)ﬂlf“BA ﬁhﬁa therefore also
epar ati on . of . ar.e erefore,also part of the
o4} BB et AR R P H GRS RISHI T ¢ ment f on. The.
process of the invention for preparing tert-butano
Tﬂ%BA) by reaction of an isobutene- 10 contai ni ng )
Brogessrabdhe mvsatigndonprenasig tert-twiasp! EBA| yoreagiot of an isobutene-

i@hY HydioBarBor BRARLQ Wit Sfad eovtglai{isgﬂi adia ! atc%n\(,)\ﬁr) reactor cascade

reactorsS is distinguished 2¥ at l'east one'r
hayingg leashiwd teacters iedistinesished by atHeashonedieddi@rteiig supplied alternately

; F ol ot i ok

it B4 cERG 3fHlefy Dol G HRERABT IS e Rhich ol ToiRBe @ has

baih @ hagher tertehutaval emntent ntd ahighbowateth@nthhiban thexther enikfiye (I). The
[ ' ied al t el ith.t

T, I b T 5, AAFAL I G e

mixturedbf Wwhioh endihss Hodt fhizhbi lghditahelrdontentt 28 G higR Wil content than

and a hi gher water, content than_ the other m xture is
th el b O s A eTeibly” RE JF SeachE of s eaden Geads 9% djgstpactor uni

copridfil B AE indFe réMitdrs cSHRBRED F PASIEVET Y relRbrSadRALt OF S
connected in parallel of the reactor cascade.

Preference is given to feeding a hydrocarbon m xture

PrBAYdn8 i@ﬁv&rﬁﬁ%%ﬁﬁga ﬁ%&&?ﬂonotiﬁxtg{gg ﬁé\ﬁﬂagcztnggoﬁt{a@d% %ﬁ%%%sff greater

nass I nto the reactor o ere I cascade.
than 3Hiet yrraass dnfe dha firsgy repeterofvibr reacter adadeo Al imbfiiens tontaining feed
Eaet I LI+.0 §:P0Sskhle to use
mESAC8Y ¢ BBt SSEE1OF PRSA0P oo B SRR G W St
coppitiiom Aydrgcahmenixgobat eptenally pure ispbwtesia thd plob&s of the invention.

' i.on. . The ] spbut,ene-contai ni hydr.ocar bon .
THe MR o b PR THERHS Prcerly SHERBE e paeiipus derivaives
andfed i tHa@ $600 hyan oBEOEspRNLORo HiRARTCRS ﬁéﬁi’ég B driéivb Beinch(es) on
th0| qudnns r‘uggjn%éoge .or two_branch(es) on 25 the . ]

B PH douglurd: Pufienlarateferenct s Eppeiodhe iobutpre-gantaining starting
mbteridl Maving oR WoBktEeCOHeA! 3T Hih 35 & f0b% Dy mass, more preferably from 30 to
99% by mass and very particularly preferably from 30 to 80% by mass.

Industrial mixtures comprising isobutene are, for example, light gasoline fractions fror
refineries, Cy fractions from FCC unifs or steam crackers, mixtures from Fischer-Tropsch
syntheses, mixtures from the dehydrogenation of butanes, mixtures from skeletal
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mat eri al having an i sobutene content of from25 to
100% by mass, nore preferably from30 to 99% by nass
and very particularly preferably from30 to 80% by
mass. | ndustrial mxtures conprising i sobutene are,

for exanple, light gasoline fractions from 30
refineries, C4 fractions from#CC units or steam
crackers, m xtures from Fi scher-Tropsch synt heses,

m xtures from.the dehydrogenati on of butanes, m xtures
iformenizationl eft lidear’ bitsRs¥edr! BRtdred ftell bPARtaths4iCHNESIeBis or from other
.rgﬂg%}é{es formed by nmetathesis of olefins or from other
0 PPES5Sr ocesses. These mixtures can be used in
the process of the invention, if appropriate after
renmoval of 5 nultiply unsaturated conpounds. For

Thgseripizturescan e violl dn itheoprocess of Miexinvension,aifi apgopiitaiafiedremoval of
ion f t eam, ker by . )
el bRk ed SRR, o ShEnp PG xoBisad mixture can bo obtained
fiognd ﬂ?g@n fniétion @cﬁrfxtd(ﬁ ae#l?_tci'@:ceﬁ by Iekmmlsn B?_Tﬂfénﬁaﬁadi&m'& by selective
arti erl La nat e or selective
st tho datie: i Bl PUGRsop TS iminametal, Gaffinate T or selectively
hiydrofsiaid CeradlkRe CHI RRnrisee AlbubiteC RRBuERY Mk SRR g&% Hfknes and

referred starting material for the proces

is a
' ISPﬁ‘éteﬁ“E'ﬂ‘}’éiﬂF agreterrebstating magasial £ thoproesss of thetivesntion. The isobutene

coriédt 0P He@attinfiB i Gllich s REfelHi i ' L GRd ofn !
t he range from 30 tosg%% f#rﬂ?@%mﬂ%ﬁ}%& r% e%ﬁtoéﬂ%.
cracker C4 or a hydrocarbon m xture having a simlar

i {4 ' || hydr oi.soneri zed i.n..a "
R R A i p—
can optiorallyrbe lfirdimatstizehin (madiveeskinal 1o thisbutdyete) paBdle to obtain a

: Yl can . e ysed.as raw _ 15 materi al
oS SRS e AR B ) pe GBF 3Bt i oo Ciebe wsed as ruw
miatevieh(strenm (2])ie teoTR.A BjrthdsiseRcdfiing Rethe sRBsaNe in the -

hydr ocar bon m xture can, as stated above, vary wthin

a W de range. However, in the interests of the
Tee ehashiediod o 1the IRbACES iy tRIBURIEBES niRurdtdC s kRited above, vary
usi ng hydrocarbon m xtures having an Isobutene
‘f’ltglﬁ‘cae\‘i dEiesntipvevsr.da theyinterpsts e ecppomigs nfithe, provess preference is

giREE PR Nydsd o8 mikRaR Ifcllgf%% i5ifne WnckfETiolof Ll than 30%

As catalyst, preference Is given to using an aci & 5%
b%?@é?ﬁa@@@rpfmagh’ greptes han 0% Ipaintsseas feed rhiture.f eed

m xture nor in the product m xture. The catal yst nust

not rel ease acidic substances into the product
Agreatalysteprefecince ishgivanda oting an adid dért éxehager wWhiek isk®hble neither in the

of hydrolysis or as..a result 25 -of other, .
tek BitchcHor il e ook BingBot ot oyt e S substanees into
thy ipeddiet hixtte under KrettPactibn bd1RIitidR efthed Bs a Msith YF Rydrolysis or as a result

“of other reactions because this would lead to decreases in yield in the work-up of the reaction

mixture.

The activity of suitable catalysts has to be such that under the reaction condifions they effect
the hydration of isobutene but not to any significant extent that of unbranched olefins.
Furthermore, the catalysts must not catalyze the oligomerization of olefins to any significant
extent,
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The activity of suitable catalysts has to be such that
under the reaction conditions they effect the
hydrati on of isobutene but not to any significant
extent that of unbranched ol efins. 30 Furthernore, the
catal ysts nust not catal yze the oligonerization of
olefins to any significant ex§ent. 8 A group of
suitabl e catal ysts conprises solid i onexchange resins
bearing sulfonic acid groups. Particularly useful
A qrewgx oh anigble esilysts adolprib@ seaibhle@chah8S rdishs pﬁéﬂﬂh%?ﬂlfomc acid
b fonation qof phenol/al dehyde condensates or
%‘Hﬁ Lgd’ T3+ vsefed rioprexchangy | re@@m nis . exa@mnpleass @iroduced by

saIfenkiibh 6f ¥hénbl/alagyae %&%ﬁa@és d?lo? g‘flﬁ‘legf\I Pﬁ aa?o tfcq}i’n Smpounds.

are: styrene 5 vinyl, tol uene, V|ny na

iy |apangtion giny] ngobmd,%r ﬁmeproducmyg dix amoli)gmm @re; styrene,

Wﬂ Fﬂlu)é%éﬁ:r I ﬂfaﬁlﬂthgf xéé nx&%@%}.ﬁféﬁmﬁn g}egwkgm%%: hvmhlchlorobenzene,

vaﬁB}mb ead zlmmwllmneenes Bopaicubdr Lt lcsSligdmefy fokdh&l ?y reaction of styrene

ﬁ%e(g a%l on of ion: excha}ggﬁsre& ns having sulfonic

VIBYBESRS Fi5 &S RECHEsRs i thsi peracaion of igjegxchange resins having

sﬂlﬂﬁﬁ@ﬁ@xﬂog‘&upsorl‘lﬁp&ﬁg@ ch@HA ro@iﬂe& ah| g1, B8k B Qs &hgponge form.
S yrene- d|V|nbeenzene t pe are sold,” Inter f

Sttithle resins dighE shreng-divnyt trzen e e D) inte @hig, mdaome following

O lhatrRb: Dubtikk®, & 1g.0d 5 e ( ®
35\t , ! Dot t((;"‘(g’q[rﬁoe]'F)JIMtcté - i?’fb%?*’eﬂ@?@ H%%C Adbbertyst® 35Wet,
Arghrdite’s IRFB, B@W&ﬂttﬁ 290G, Dewex”® Sovbewai? K260 L6RAvan® K2629 or
Leeu@eitp( e 1¥F5.0C 1505. The properties of these resins,

in particular specific surface area, porosity,

stability, swelling 15 or shrinkage and ion exchange

varlable can e ried b means
THR BBk o Pl b8 o atat et e Srvar Ve subikiy, swelliog

or sk geo and tdiﬁexchﬁrgembﬁitgeateeﬁhaﬁe ahe dh YeofaRitl %y%ﬁ&gls of the
their Hform The ion exchange capacity is in“th

H‘é’@“ﬁ’r“b‘ﬁ?sz to 7 eq/kg, in particular from3 to 6
eq/ kg 20 (based on noi st conmercial resin). Preference

I ﬁ %lven to u3|ng macr opor ous reS|ns for exanple

F‘?"‘ﬁ%gtc( Won fiegap W{lgg regigy\ae prﬁ@mb}u(|1tsg¢ in their H form.
c al oml !
ThE B8k chdn@¥ Eﬁf ¥ 191&@@%?@9 miE Yo Exlﬁ ke, ggrtgﬂﬁ EQ‘%% 3o 6 eq/kg

The nean particle size e resin
s @ty mpigypompkRscialpresing. cRrefesinze idigiven ith uising nnmpohﬂls resins, for

CBEORIBI0cSE LGISNRE LSy AP SR vy a0 o

Lesyati® M@dﬁ%‘i@ a‘hsmemepameié sizd\bfthe ﬁasiﬂ] isip@ferdbyy ﬁéhm 0.5 to 2 mm. The
with resjn

h h
R T O (R .

resing Baving a very uniform particle size (monodisperse resins). When a plurality of reactors
ate used, these can be charged with resin of identical or different particle size (or particle size
distribution).

The ion-exchange resins can optionally be used not only as spheres but also as shaped bodies,

~ for example cylinders, rings or spheres, or polymerized onto shaped bodies.

It can be advantageous to use an ion-exchange resin baving a relatively large particle size in
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di stribution). The ion-exchange resins can optionally

be used not only as spheres but al so as shaped bodi es,

for exanple cylinders, rings or spheres, or

pol yneri zed onto shaped bodies. 30 It can be

advant ageous to use an ion-exchange resin having a
relatively large particle siz€ in 9 reactors t hr ough

whi ch the reaction mxture flows at high |inear

velocities in order to reduce the differentia
resptessiiranghvdhidhstbe mactiormizteh Aoy at bighdinkawelugitias in order to reduce

particle sj in. reagtors t.hr.ough whi t he, ..
R leRLRO bl e o] i il ook SR et BV g pgler pisicle size in
racidey thicngh elhiciite raapidnmixtee AeeE ai Oldw likat FRodit9ag bRTeh to achieve

of the proce f the invention, particularly . )
ORigRl SORRFESIOR RS RASErSSp HBIBEFSh ot elipyratipnertiselerly peferzbly in
tHok® Bbdrated 0@ 1B vaIb@ESIERGR 1 & 60 YPR I;rgfei“éﬁben% éx?%h L to using ion-

exchange resins having a nean particle size o
exrhangeoresingigvipg e mepm parficle sizmof fime 0.9 t0 5 mun prefirabdy from 0.25 to 2

<SR ) oAbl oS4 okl B ekl 100

nvly preferegcanie givep &r tsing eemi mreicleodizes o6 frofh. B5 toos Mmnt. Atlindir velocities

i neafr locitiges of froml .to 25 mh reference.is.
obFOE Sty RRar B PR it mie Bt BT Fomoo4 10 1 mm. An
ionraxciungd Gedin haeing hamgm pasicle HAY il etraiRARRAO YO GhE mm is, for

size in the g ro .70 to 1 mmis, for exanple,
e’ﬂﬁ‘l?i?’lwe(fg’t 33%3??13%3%%%& Haas. To prevent
acidic groups being released fromthe resin during

operation, which could cause égrob! ens_in the work up
Tg gerveriacytic eruppbyee sdessehliom shoresin dirng appmen, which could cause

proBlelsHS theArdMipls¥ctOU OF ﬁ% L0 f&::éé’dﬂl?ig?i‘ %éﬁa%?l%stt E}%‘tmty over a

i on- exchange reésin can pretreat
lopg psting ofitivte, thedperxchmmk rssin EBAbagrereateilxfonepanple by rinsing with

£ i f 40 1201C. o
RSB b B SOPRLSHSARS S 0K

m xtures or different catalysts or catalyst mxtures

i reactors of t react or, cascade. Preference is
tedf PR R e Pt B i B RS 2 e oot or cuaty
mbeieg iree t?ﬁteﬂhmgtmea&tg caseade, :?ﬁdf&bﬁ(?tlifgigén 1oafl &%@ﬁﬁﬁs of the reactor
m res. The hydrocarbon mi xture . havi ng e
@8"@% g efuigprdiGt the prne eatalysti s hrialyst BRI%H- i s fed to

the alternately operated reactor preferably contains

| ess than or_equal to 1% by mass of tert- butanol. The
Thedaydsesstonrmigiurg (D davipg therlewerterihutaaplandyvates sententamhich is fed to
th8 Atdnats Yoo it St VR lefedd] 3" b .

Pal@nale) et MafateroRly SRURILL lf & gt b7 Riaks of tr
butened.chhe BBAmenisht of this mixture is preferably less than or equal to 0.5% by mass,

very particularly preferably less than or equal to 0.1% by mass. The water concentration of

this mixture which is relatively low in water is not more than 10% greater, equal to or less
than the maximum solution concentration (solubility) in the respective mixture. In the process
of the invention, preference is given to using a hormnogeneous solution as mixture, i.e. the
water concentration in the mixture () is equal to or leés than the maximum possible solution
concentration. It can be advantageous for the hydrocarbon mixture (II) having the lower tert-
butanol content to have an isobutene content of ftom 1 to 30% by mass. As mixture () which
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_ Yeparstion By disl

this mxture which is relatively lowin water is not

nore than 10% greater, equal to or less than the

maxi mum sol uti on concentration (solubility) in the .
respective mxture. In the process of the invention,
preference is given to using a honogeneous solution as

m xture, i.e. the water concetration in the mxture,

(I11) is equal to or less than the maxi mum possible

solution 30 concentration. It can be advant ageous for
ishelaﬁyﬂy de@if ata] prefeb@cé lid Fiveavd Q8ng B enikQYEWhicRIik vbtained in the
but anol , cont ﬁnt to. have an | sobutene content of from|

gronaef the etk fiop {he\gifpraptely opomtedeteaaton(e) ap overhead
ia@&hdt'i'n ﬂ@t au.ratf?ﬁﬁff%eef*ﬁﬁ fhotn ¢ b bR Héh@&ﬂsf‘{” f!u‘ﬁd& TBA being
S alned in separatlon di st a
r¢¢l@tmﬁhfed1aillia@m-ately operat ed reactor(s)
as overhead product in the separation of the TBA from
the reactor output, with TBA or crude TBA being
Dl @l atieely agtdpoich atixpreo@uwhich i fold alteimély irt@theQBactdy cEH@nses water,

T I 0 S —
AT hekBORMERR G HRPr@dell XThEMREREA! tm:ﬁe Bls¥ bbh BeterbB€neous mixture, part

m xture (1) can be honogeneous or heterogeneous in
e FRIGE BgEesen 1 Réeqond adficoBhrhasn Sinve theargtalist loses part of its hydration

el Y RA MRS or s )é\'fgﬂir‘éd R da 1s<9JutJnQ—%oMﬁﬁ§1 lh &og{rﬁcﬁfﬁem which is

in a second aqueo phase. Since the ca
Jourrin verten morhyalembdsdn bednisniaced inkrethe réactor Uwhttbc relatively water-rich

RUPRAL Mk B%hd SAOLIERR GO FoDLABN ALRE A RBcient water to be

st ream wh
Fvailabdel ve dokild nipo tltehleydramt shellvmdh ad lnater e)tfateaizoﬁeh yItV\aine therefore be

&l AN o BB B R B0 S BB S opnin

layanéta‘b,l ® feod lnid ﬂetbkrc)gérh:eush)tdﬂﬁfei Qhe IpBinal Matkr ABn¥éRkBlion in the

r eac her ef or advant ageous .
b st e b FRE 08 Teni i ogeRl BOAIHARY G0 Tho Fepeentration of
xaasr it éheO iR GreOQp ﬁ@btd?&aﬂl? m@mﬁ% Snorb prEREEIY K ?east 15% and

het erogeneous m xture. The p i mal vvat er concentrati
Y grefdbbn gt dease 354 gaﬁelb Ehan ol cmssimea setutidn conentration

(ﬁélﬂﬁhﬁr) R& %lxc' Mﬁ\ye hp&ts: THd @o@?xﬁfaﬁgﬁ 5@};)3&? ﬁt!%% xre (1) is very

n the m xt 1) I1s prefera
mﬁw&rlamrs;fe@blylfemﬁlﬂ@Wé&rdof e maxmmnaadiyuqu @heemajahqn (solubility)
t % a [ ut,ion
gotﬁlg ggs}%%tﬁéo&ﬁm 9 ? % t“tl?er-?ﬁé nrg%g%ee i S5 Bogsibleto use, for
€Rhmpleo ﬁwe:m:aﬂomwamﬁpsmm tredetor til therreactdiredscade, ahd itveimylikewise be

tlcul erablyfrom125to 175% of the
aﬁ@%ﬁ‘?ﬁj g%?%dﬁé)%; APon (solubility) in the

respectlve m xture. As reI atlvely water-rich m xture

{1) i.S possible to use, fo
Ris possﬂ:le for one or more reactor(s) to be supphed alternately with two different isobutene-

containing wixtures. If only one reactor is supplied alternately with two different mixtures (I)
and (I}, it is necessary to'provide stock or buffer vessels in which the mixtures (0) and (IT) are
held at the ready in order to allow trouble-free continuous operation. For this reason,
preference is given to at least two reactors or reactor units being operated alternately. If two or -
more reactors are supplied alternately with two different isobutene-containing mixtures, they

can be connected in series or in parallel. Both or all of the two or more reactors can be



exanpl e, the output froman upstreamreactor in the

reactor cascade, and it can |i kewi se be advantageous
to add additional water to this. 25 It is possible for
one or nore reactor(s) to be supplied alternately with

. two different isobutene- containing m xtures. If only
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one reactor is supplied alternately with two different
m xtures (1) and (I1), it is necessary to provide
stock or buffer vessels in which the m xtures (l) and

: (wppllearsﬁnumbmsgt with ¢he' BRdite (1) WhidRis feititbly 9 in TBA or the mixture

SN PG ae R aT ik RoiBA. T RiemiiR e of o tor avoid stock or buffer
NRSelsOft ikl PR/ d&ga&&?%ﬂ‘t dt@ gfcﬁzllcfeezft E@%t% r?aLc{otré ool ) parallel so

nore reactors are su terna
s g @ﬁ@mreamtem o rﬁhmonstrtgenlrreabturme, suppliyd alepiitddewith the two

FERAGRY e S50 sk A e Pl St e i
weactors el memmere (AT peim ifccihatithe ERhStinab Yad Ok ﬁa&&Aat least at the
_OF his relatively richin T

i b e tfoslontle. I moreha biarcatiob komert i gacalil are present

maaedcsox unlit, ki ahédtion laad khe AEMBRM-AHER YiixiuPe (ﬁ E&’ m&’:&m%t(n) or vice
| east two reactors. connected in paral l el so

Pesparedepadentan the, flesitpd eyt tepe eeod effime @%@mhltrhem@o&s switched
& FaRRhé Bxidld BrRbAEYmWhird (b %)qL %gnsdﬁiff%r g{ﬂ%wﬂf of example for

i sobut ene- cont ai ni ng m xtures,

thsi vegants gf the epweditentsishowpmindfig.d). reactors and the

m xture (Il1) being fed at the sane tine to the other

reactor at |east at the beginning of each alternation

dye ftwo different ootputsaobtainwl frea teotlwratehinemdaed kdactpas)adsl Slesult of the

[ tor.unit, the connectlo apd the
iRt STER of Wil F6* 190 FoCthn Ry HPeom 9. {ogetbgr B sepamated in one
ﬁfsntﬁmcar mfntd apen dimtlrl]y, om Hyhx@;:ﬁB@i—E&@alﬁ?ig Ls@rghhlag%{oﬁeédfno Qomprise, in
i.MEe a react qQr sw t che over from
§%%W@§?%g$ﬁ%s yipraiad 3%0@81 banseandygsrandll; icomls tert.-butanol. At
iaételaa Of B HyadbcarboR¥amhifg bdam Sﬂiﬁnéﬁaiﬁ'tﬁg %%a&fho{x RSyreferably reused

enbqdi ments shown in Rig. 1)). two di
8t EptE Ghtahiglds fovpin m&er an@enﬂaiﬂe ifgr @paem@ﬂxe alternately operated

tQaekEY. (Sik Swhe rp%§§f$l£ 8 tnd Bo afttt r(alﬁt%;ﬁts oll')’ea?ne\é Rln the alternately

different feeds the reactor or re ors
PRRyeeh Epacos %aomt efl thmal@n@tel@pglysd}ﬁ Hiffateno m'eedm itd the reactor fo be

' j t ai ni,ng. stream
R shincacly o S ERERA T B, 8 Gl oAt strsms ang
gatle testrydate).dn dldia pm;m 1mdpar&ﬁtthe1 erdtocacﬁdﬁ%ntaimng stream having the

: | t
h%rrolg ar %% Coisp a?wgdsist et @B’E"é‘f‘ﬁe‘a usgfl fonisupplying the alternately
epqnmataaam The miiefues @b hyvifi©sl SO TRASand \%ététf c%n(aht! IbtWRED overhead
({ t“é? wate,r nd. in TBA for supplying t
811‘0{1%(]'; % p gtedjto the, glgﬂﬁt% ¥ pperple ir@ctor,kmqﬁe@bly has an isobutene
Bk bF ﬁ'oﬁlolr totiﬂ)% byhal, froftf (30ferBH R4th S 18908 HFdads! Very particularly

the alternately

preferably from 5 to 12% by mass. The respective bottom fractions which comprise TBA,
referred to as crude TBA, can be passed to a work-up, e.g. a distillation. Part of the bottom
fraction can also be added to the starting mixture with which the first reactor of the reactor
cascade is supplied.
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20 operated reactor as a result of the alternate

supply of different feeds to the reactor to be

fracti onated separately in two distillation units to

gi ve hydrocarbon containing streans and crude

tert-butanol. In this case, at |east part of the

hydr ocar bon- cont ai ni ng stream bavi ng the higher

i sobut ene content obtained as overhead product is used

for supplying the alternately operated reactor. The

I sefererce (9 ipdd IRYéiASRCR td

obt ai neq as qverhead ZSQE?%?ﬁ???g%%?%ﬁk%ggggggg%%ﬂﬂﬁ%ﬁPeumﬁnas

£BeqRRsHng @ piutalityy ob preetetse dn peisuler reagtoe fupitalsbyptisisg awo or more

iSRRI @Rfect&BRbERIeOf from 1l to 30% by mass, nore
preferably from3 to 20% by mass, very particularly

preferably from5 to 12% by mass. The respective

??% g%&?ﬁ%&g@%c 818&{11 ] g%rgé_bt"ﬁ ﬁuprpg tg_rt{xggeaétgr gesing effected so
dhias tiel thituiresnare Bemigedin 4 BRIDSHEMI.5 t 30 HoRR, PRl i or the two

gtg%gdtothe starti mxture wW.th which the fi’rst
phpregtiionisEe prg from L iesthares #ud nattisplarly prefarzbly from 1 to 2.5

heleI BOsae ol BHEp RSS! te v .
Supp F e el oF Spg i) Bk tpah 10 bR pRALI the sunply with tow-
¥ () can fsiad e eycestivele gpbinsreaserin petitityonfl thy catalyst, which

bReREPLo HMBehsed W?F‘f‘%‘ﬂa  F e il Ss:: %g%ﬁ%ﬁﬂy below 0.5 hour,

connected in pa € process I's
Bgractialy effect sghidved hp thel Henatmner shepddgyadatiort dfahe Badthtn shell around

i : t the m xtures are changed in a
%gﬁgﬁlgﬁggoﬁgf%s?% 0 hours. The cycle tines for the
wo states of operation are preferably fromO0.5 to 5
s and particularly preferably from1 to 2.5 _
A Do Bl ShoRiie" o reipf Deid of Jerforle tPaeo poe snother e, tho
tima fer veitieh th eanlet; withiernduiittite (1 IsTed RY% thW:Slor I &L HEE for which
I:n?ﬁ can he%lc‘i to an_excessively great increase In
%ﬁ Furs (I i hiehals dog in Vyater anghi B4 s fpd dmrean Sagquab to 1 or greater than or
sidllee 8384 . BN QW G6r the } Sn L 06 R ;
ii%&r?i ficantly bel ow rO. 5“@5’&%’5‘#& ggﬁh%?%/%é%g@tdcﬁ In water and
‘e thegessioriip aurpby ofanixbue 6P witieh id egjatihit lowrin ofater asd TBA of from

- ydnabisons ?E(g&%l?lgé&yﬂqaﬁc}s ?ﬂféachrgile ¥i§1}es #@Jc?lgar% ﬁg‘q‘%&%@?‘ﬁﬂ are set in

observed. B ratio for the supp
Freattpoust compaisivg o Bastitwe seaboromanetal ih asaliel if whidhahe & different

Tt PRI oo B e, 4 6 it e e of et i,

ofivlticlr threg late) desdribell belowl igwdyroferdregle:and TBA is fed in)
aian,lgng esgu%l to | ﬁ@dg{'j ater than or smaller than 1.
(e SRAFPger B upis i e (h ot (e At somei s, the second

readt@tis v@p¥ied wel the ML (IR BE 2 thBblaAd s e hRAGE Uikl

su$gl .of mxture (I11) V&']H?Ch is relati vef‘g&?‘o&%tﬁ wfixture () for 2
s r\%ta}h@e-pm dithg tiggg§ b and c corresponding to the time 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 (I) and (I) are interchanged, the time ratio of the
supply is the reciprocal value. _

¢) In the case of a reactor unit comprising at least three reactors, it is possible, for example,
for two reactors to be supplied with mixture () and one reactor to be supplied with mixture
(I in each case for a time a. The time ratio of the supply is thus 2:1. After the end of the cycle
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1.5:1 to 2.5:1 is preferably set. If ratios of the

cycle tinmes which are different from1l are set in 20 a
reactor unit conprising at |least two reactors

connected in parallel in which the two different feed

m xtures | and Il are reacted in parallel, there are

vari ous possible ways of realizsng this, of which

three are descri bed bel ow by way of exanple: a) - The

first reactor is supplied with mxture (1) for a tine

gimd\thd bR, | -8 :
D e b oA S SR i hninture ) in
vihe lesteywleus mow sppplind veith mixture (. @pe of thh reaberswhiclofvas bepplied with

i . [ t t] .a. ,Th tiq .
TR 0 e SRR WIS ot PP i B i
tift thee lasft cycle bjit dife, ishewr sapplizdtwithembdnge (DN o hBHRIJtifk Seatbto} which was

and.(I1)..are interchanged, e time ratio of the, o
3oy i shis ] BRHRE et o Somimptteto he upiied it misture ()
iferestie®liors Bydie. QAR Aokt H@lethal R ARE sipplyEie ity dtferddSigai .
possi bl er, j{o? exanpl eé,% 30 égr th%ﬂﬁry‘ZlagEthg%g&%n%%éﬂeréd%gm.
supplied with m xture (1) and one reactor to be

e ki L N ; . a
BB HSHITR ot L 698Gl Sl s woras,
difctermpenae andthe cagpasition, of tisdswe ugyetoy féeds smd ¢anheasdiyeatetermined by

. ckor which was supplied with mxture.
ﬁﬁa@ﬁg&pﬁ’ggﬁg%cycl e is now supplied with m xture
(1). One of the reactors which was supplied with
j in the | ast cle nel,y the react.or :
R ot okl Bk RO E O Pt 1Ak iopred altenately
\r;:zl_sef set Wch ealbﬁ bf fiom,0.1 ® m%{pﬁélfﬂﬁﬂalkfetgnﬂ\d}.ﬂ h_? _H'ih)ét(ﬁfe%h&flsl!a}ﬁng mixture
ile the other reactor ich was 5 supplied wit . .
RS %“h iaia%jﬁ PFF & W%Fé‘t‘ﬁ%ﬁiqﬁé’g@ dYatesnand BRArishaaixtuge @ris fed into
Henpadt@dTHE LASW #6F e schitbne-ERaiRRg hﬁ@&&r&%ghﬁ & Wiich is low in
next cycle change, the supply is correspon m{:ﬂr
i BretorRly 6pte Aipe brilie rangn Fomdl1 tovbS by dhearticular in the
b &R Bz (y$he tinme ratio are dependent on the LHSV,

the tenperature and the conposition of the two reactor
feeds and can easily be determ ned by 10 neans of

W v . N f t Q be )
Bt PR kol ) b TGRBRPDr WD e ot of e rescon
openetdsdreades eontimuellyy To bbtaine wet highh yisldeaki weactbn fate Midadvantageous

[0 , eferably. fram0.4 tp 3 h4 ifers of ) .
kil R TS Bl oF Loy o pmblen by T o et varions
péintsronl itiby slaytondloweverain & il BAHECHFRBult i iftrolthde frévidefBthe required
into .15 the reactor,. The LHSV for the isobutene ]
FORYY; i W@teﬁfaﬁ? de chisre immeditte formatiopneicn homogengonm solution. Tt is

i’é&ﬁu&ﬂ? SHRBISF ardStheRECIRM YS! totcgm?ec}’ﬁ#ﬂﬁ?aﬂtf ﬁf #38ctors in series and
rapge.fromO0.1 to 4.5 h-1, Tn particular in e :
t0 feed in the necessary amount of water before the reaction mixture enters each reactor, i.e.,

for example, between the reactors. In the case of the reactors of a reactor cascade which, are
nof operated alternately, water is preferably fed in before the reaction mixture enters the
respective reactor. The addition of wafer can be effected upstream of each reactor, with
addition of water to the altemnately operated reactot(s) not occurring at least when this/these
is/are being supplied with the mixture which is low in water and TBA. '
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range fromO0.3 to 3 If Since water is consuned by the
hydrati on of isobutene, the water content of the
reaction 20 m xture decreases continually. To obtain
a very high yield and reaction rate, it is

advant ageous to introduce further water. This can be
achi eved, for exanple, by feedypg water in at various
points on a tube reactor. However, it is in practice
difficult to introduce precisely the required anount

the\’\ﬁ‘ét&* inaRd 9 nﬂﬁﬂkeefﬁ% ngn%%c{n? Q&E b&&nggfwg%r Solgtion which is,

@queneous sol uti on. I's technical
fiothe Sﬁ*@itvlmlmg% @b@llted i tinrrecctessath@lfwﬁat feinovelfof the hydrocarbons,

re%ﬁ% ﬂ{sﬁ S% lb %nlgngf cﬁ' é)aﬁ gg& ed ?Oﬁ:ogt%m. gfct&% fé%ognt of water is not

esaﬂimane addhtlbnal Iwaﬁsr (maifi©vaRK Il OF rACHNER A thitfire with tert-butanol) can
3@% In the case of the reactors of a reactor -

.aﬁﬁu%%f WHgn Sornitug vlieeis fed tol 4reacten isrdependent on the
@itEJf & BBA Mo FIRAC)-Ryd6dP R ﬂnhe a(?'g%l e o ﬁﬂoﬁrcﬁ‘ tfed! tely operated

t he respectlve reactor. wat er can
&7l thel aupwit of Metes inteodaepdrie arﬂfmbiy @i bttt dinbis iwiddh is soluble in

R | Leact or not
A PEAIC AR A Yo IR KRR R By, n paicte,
m‘pﬁplqoewnw qﬂwthbh'ﬁBm&ﬂudmcmmm lmlmrd ohich narwdb@ér alaﬂl the respective
t i,n_th ref abl y nes
okt BN ot e o S0, B i o - el prerence

igivet tresetﬁz@rWatgr phecherati@Btagiclaiekd i thd W yiof ﬁtﬁﬁﬁﬁshbﬂ p&bidt specification

S’E 2 1581 ﬁl"“ %Eemo?/wg@?f ; gtgt%g@%‘fﬁ Puf@fwattﬁeorrae@mp with tert-

buthmilican bé irltrothSced A e x@iotcw@tleis als® paSible fitfpbit oF Bi%t'FBA obtained by
addl ti gg wat er (rmai ns. water, wateér of react ion or
epgiopdy 'Pe 6r ey predvcine phomegeneays nmeammater and the

Qf)bﬁ%a{e%ontdﬁuﬁ l@yd&‘%&é%%h‘émmk&h is fed to a reactor is
dependent on rati o of TBA to the C4-hydrocarbon

m'xture Wth the exception of the alternately
f wat.er
e TRl E el SRR g (18, RTBHAL 1R E b bl TPt Bty from 30 0
Q@CTM Beh yammeaniegnthei vesatios , ragoist faat 10'&/ RQiTeg B Semperatures
rgsent ticul ar te ontents of

P Pealford A2 Bk f Dhtrictiefiom o b ey oot o increased
esttentr quamattoma:aﬁremmumraea #DHel thriP&ratdFctraf®d f0:R)6368180°C, The
0SS E’é% I t he | ast reac{) Very particul ar
Bibparingdn Heovarigns rcters CaLbs Kpmfical el eentoution teinsiestod range. o

ﬁﬁreﬁrﬂﬂmemah AfectSive WABMR! drs BRE t
cation %g’ 102 59 e413 9 or t%g%%g(?t%ioweét%eramreman

é’F B &rpstor-pYinee tha meitien Oﬁeqﬁﬂﬂmmebwoms e advantageous as the

fembaraire ARps LS %&%Fs?o 0 e GhO

al §s}o OeSSI bI ‘e fl%érﬂepart 0 g Eén %%an%t alﬁr%e % Val} rﬁ%\%egrer, it is not
wracticpltoredise ﬁ@rtemperuererlmqu BEW, fsmce ﬂmaehmom thefi becomes too slow for
e{ﬁoiqﬁlgs%’i‘ﬁ %&‘éce{” ﬂé’ al‘:f‘en\{\ﬂtctalp opertat%& reactor or ﬁxc alternately operated reactor unit

can, depending on the feed mixture, be operated at identical or different temperatures afier

each change.

Each reactor can be operated adiabatically or pseudoisothermally, i.e. with a temperature
difference from reactor inlet to reactor outlet of less than 10 K, preferably less than 5 K and |
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15 i sobut ene-cont ai ni ng hydrocarbon m xture. The
tenperatures at which the process of the invention is
carried out are preferably from30 to 12.0C At | ower
tenperatures, the reaction rate is too | ow and at
hi gher tenperatures secondary reactions, for exanple
the oligonerization of the olefgns, occur to an
i ncreased 20 extent. The reactors are preferably
operated in the tenperature range from35 to 80C The
rj{ Qus nti.c
SFERATy bt R SR R SRES O 3, PR R kasc is to o
preified besduseradf dasenfinarabletifecsacthe @Qﬂ:xubmlm @eﬂmo%xaabxg and the increase

%?52"88’3‘5%@%{“‘2%&‘? rrashich el ext e Ogﬁwéeﬁﬂor FasPadgreing operated
ndthanesperatige AdANtEGRRRaARN tnﬁﬁ‘tgré 8418 ﬁéaaioy [iffet 5 fRRSor Gutlet of less

conversi on can be achi eve is way

E&E‘?&e@eﬁ Thetemperare ¢ hersglariken esfféﬁﬁlbd%létanm introduction or removal
r t

CEBRRY 87 Ui nb S M s B KRBk} BRAL SAND SRR 0o e
@% reactor or the alternately operat ed reactor

unit can, depending on the feed nmi xture, be operated

at identical or different tenperatures after each

dhe n@euorsﬁcCEah:ttg toabe ingentivaratbbe cprehowdt agiahirs bqal toyor above the

N ST IANRENC TN T —,

pmfaatﬂjaan alﬁedﬁureﬂf&ﬁe Aabey Toessid a@dribatiéndRebldms in the reactors, the
artlc | a %%Igfergggy l.ess than I K. An excessively.
%ﬁ%@r 2ite\@ parhigher thap heyaporpressie of the sepgtien Bixture.

the unf avorabl e effect on the equilibrium

frrg%d' ssoci ation) and the increase is secondary
PracsscanHeratieh e indatphtsppters of|cpntinvgusly operaling tegotors as are

EReGh ALy G gf?fjé?ahﬁﬁiqﬁﬂ BREL A RHons, ’g"h% cBntinG IR o@e&ﬁﬁg flow reactors

di fference reacti on m xtur Fromreac
g qmpdestedr ussus ipeaferaifly batuot Hetdssanilyl Hade ofTh Exedcbgoie It fizxel-bed flow

{
FtoDs 86l Bl IKBRL oS SRR bhPhirlortRRSHARE et oyt dhe tiquid i
aEply @tefstﬁ@i Feowy ﬂnm@l:me raiateﬂnat«slynq:»eméd ﬁeaetteﬂ fn{ ﬁiéreﬂﬁmaﬁely operated
change on according to the
%ﬁ%‘h‘%‘?gﬁ paeg‘ﬁr %% 1'53‘?"’??% toﬁfk“gnﬁ gssgr e equal to or

above the 10 vapor pressure of the hydrocarbon feed

ure at the r gectlve reacti on tenperature,
e s 15 possils D Bisrreacs o e ABTeiaS WHpcomiabsicculaton of prodct
{tedRkiaBoh ifdHep bf M arﬁﬁlgwpésb exfro%a%%&e otffiﬁe rddEBRSHE Gperated with
shoul d be from2 to 4 bar higher than the vapor

priecdion offrredyet, aderyeleSretori Gatia o quamtiey prropsdsoundthdeircuit to fresh
feady dogbR W1 oM Obf?léncf ?%to‘ﬁ"ﬁe Roy GO Mt RYGHEL Yirst reactor is preferably

operating reactor
from 1 to 5, in particular from 2 to 3.5. In a preferred embodiment of the process of the

invention, the first reactor can be operated with recirculation of product and the further
reactors or reactor units can be operated in a single pass, with the last reactor (reactor unit) in
particalar being operated alternately. The number of reactors used is preferably from 2 to 10,
very particularly preferably from 3 fo 5 (for this purpose, a reactor unit counts as one reactor).

- When tube reactors are used, the ratio of length to diameter of the catalyst bed can be varied,
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15 customarily used for solid/liquid contact

reacti ons. Wien continuously operating flow reactors
are enployed, use is preferably but not necessarily
made of a fixed bed. If a fixed-bed flow reactor is
used, the liquid can flow upward or downward. Downward
flow of the liquid is wusuallyipreferred. Flow through
the alternately operated reactor or the alternately
operated reactor unit is preferably |likewi se fromthe

tedbherckaxhoRsefmetA0 dihdnkdRs HHE reabibr inlsviﬁ’ 25 BldeeSotih %ﬁig%ent superficial

;ﬂ%&?pr to be operated with partial recirculatio

thee cap i becenbiavpd it Aowetansrankaunt of icatgllyet mmasthroukfiput (LHSV).
QR ctets Wf&ch;tfmtdi“%é %@&foﬁ xS Q%ercﬁltgge? ggmn ]%e? operaied, for example, at

recirculation of product, "a recyc

f@u%ﬁﬁmlivqmﬁme of ﬁpmdﬂfcto 6h glz/h,i preﬂt'efab{l_ﬁhﬁmﬁ ne Sch.’lso ﬁa?ﬁ%% re@étors operated
. . 0 i S ef.erably set. e-recycle factor

i ARt o, e oBneP A kit e i o o om0t 55 m/h and
marticitlaily prefdritdyindhé fange Bom!No@spE/ES er red enmbodi ment  of

the process of the invention, the. first reactor can

be operated with recirculation of product and the

fTHE ERRE veloBIBCIANS caRll §0Y in4 I eql’in. .

a si-ﬁr;%_l e pag? Wi th ﬁgﬁlgaggmﬁg%%%r {rggec Pty i recjoulation of
BEOCDFiCH | nxpferblvnBiora kit 4 4@ hel rewre preiémbly Troe @ Utoteh ! ohd particularly

RA&H0 j 151 f 10 ery .
%ar t] .C%%g#%gpgr%f 2‘? g.‘fgl%%mrf %%C{??{%%gﬁ %feé] P ﬁ?ﬁﬁén %ﬁfP%IB dass, the space
Felpaities ae profiably uhe sngs fromed. T @ak6 b Jmord Brofdratily (iHhe range from 0.4

e in : Jatio of |ength te di ameter of
t eﬁcgéfgll’%{sl&%@?g%fg%gﬁén @%‘%FF&?,&%&&‘? %gr via the
geonetric dinmensions of the reactor or via its degree

L1l Different superficial velocities can thus be
Z%%?‘a&eesa "g%he&“‘é%lﬁ%‘f e PEhATh D Bresciog efssAdle bayipg at least one altemately

oerated) Faattor 0141985t ondRRRE{aRIP o;tbdgat%feﬁaopﬁ{i{ wﬁlfchtec%?it# %arch case have

Jréigact'on. ] Xture is recircul ated can be operat

%‘FF&* o differentygaptorripmpegptusgs) I dhis cenferds a fepeson Wit compiSes one or two
fedtor(§) Rbkdcalaliy ; ; -
%%e?ras?ed 5 ci n apé?%g}“g&glta%g,%gtsgseﬁ sefij %gﬁiﬁglggﬁﬁﬁwo different mixtures.

BOress ds prefathe cirried pet ingmplsralitoofl @a8ors @r Séactor hinin donnected in
' [ L an from.1 to 25
R Wit B oA Rp LA e detelif i B 4% s,
reactors which are operated with recircul ati on of _
[ rably from0.3 to .10 11', re
PRE Pk S 6 SR80 Yar b “aftied 48 ¥ o gbigiments. Two profrred
emlafdémets 9f the mresedt tndefiohfardlsholh Hy%yfb?‘ ﬁﬁarﬁ}ﬁe bER6HOdigrams in Fig,
ass e space

i ch. are erated in.,a single
iyg‘il“g? ?‘%‘izeg% eescb?%ﬁfr dippgros Gagh, have fire teacs OF Teactsr Snfs. It goes

- Without enyigg haehepabdeys oNtht Revehddl for e @Rille $BA can also be carrded out

using two or more than three reactors (o reactor units).

In the first embodiment of the process of the invention as showx, i Fig. 1, water of reaction
(1a), isobutene-contairﬁz;g hydrocarbon feed mixture (2), crude TBA (19) and part (5) of the
output (4) from the reactor (3j are fed into the reactor (3). Part (6) of the output (4) is reacted
together with water of reaction (1b) in the second reactor (7). The output (8) from the reactor
(7) is fed together with water of reaction (1) either into the reactor (9a) or, after switching
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to 3 If' and particularly preferably in the range from
0.6 to 2 If'. The process of the invention is carried
out in a reactor cascade having at |east one
alternately 15 operated reactor or at |east one
alternately operated reactor unit which can in each
case have identical or differepy reactor tenperatures.
in this context, a reactor unit conprises one or two
reactor(s) connected in parallel mhich can be supplied

BYELHAGR Yealtbt Pobh et i1 6 Sfﬁféto vihHEh aﬁsﬁ%uct (JBeaBE A6 (13) is fed

S preferably
sither duto reaacmait (§b}:tnmamrswdchmg om,r mmsthd\fuaabr (oay Bf appropriate, part of

P FRTHAES G B RS e, i
pretm shaabgeicotfofin caﬁ/me d@fse&ﬁt@ﬂ 6ﬁdw1ﬂﬂﬂ’9 Qiq'oﬁ‘lﬁ Héén@{') l'IthQ ®wo outputs

S gRied PRirg o o (B gad 1909 m@bSéé‘Zn%?eﬁéim‘ifam into the
disﬂﬂa{tﬁﬁﬁ:oﬁﬁ&{‘ 1898 §eB£r%§d %, Sir Q&&%ﬁd pf&aﬁ& (ug comprising

goes W|thout sa I ng” t hat e proc nvent

Psebutppegndrativg lmoﬁlaﬁ hmt-gmrms cad, rSﬂ@:hdbrutmdQBBAls(l’ngPaﬁ (16) of the

1 RO 1, RSy LISV I LT b oo

€S) Strovirculatedioghe feactomBR r‘I‘hefotHeepm (180 can(Beorked up in a plant which is

f eed 2
bR RSB FE B R S TSP e, Rhaporop b bpacried out, for
mm;ﬂeg dytdistilaBn ar etrbettbnl b evieh ButrtBE64Fosltdh ofaﬁrs&re&ﬁ)(zz) itcan
i's r&acted 30 together with water of

he out ut 4
PR ol VBReT By it s buBBoreoe dieh SvE) for i etpet that e mixed
élﬁﬁmtﬁ !ﬁ@i’ﬁ ﬁl@ RedoRRCéAbe cofeybd fibBthis %%se%@&%ﬁﬂlaﬂon column
é reaction (1c) either into the reactor (9a
fYer switchi ng 17 over, into the reactor (9b) Part
(15) of the overhead product (14) fromcolum (13) is
fed either into the reactor (9b) or, after sw tching
B embpdigenhef the process of Qm)lnvdrmoaplmvupm Hit. ei,, tlmb redctors (9a) and
{og ne! i trb%%léf%g)bg gloe\éed{ ?5 'ﬁgf hqdr?itemately either

Wwhich 1s not's
vidh e noigbwe ofi strdaor (8) and waker s€ pactidect with o dmdltaiée(l ). th this variant

ool 577k Frd o P hetroblipied) Hudhs Sirams ©, (10),

Qaty mwﬂ.&)e nietdsgar{ tmnaxa t6duble- Rdd @Rt BPerbtiod) poRfible. To be able to

| h
FER o ARG foBohikis kSt neseHu 1 oo atfqi»%;?g‘:m this vatiant or
dRehes Aheo of 1ar&%ﬁ9m|uy%c nudentiBAa (il reac??xr b {s\8sent can be

of tg(f over hea cﬁ_product i's separated o
mpaded. of Fydlg mtiscafi2obean bepset by apprppuidte fimther swénm that water and

thikfire 59nd &&h&%@h&ﬁ{ tf% 15{6%}15 %ﬁ&% Qa(aﬁévﬁb gxgde atgltxe Same time distillate

art (18) can be wor ant
5 ig fed into reactor 9c. After the cycle tnne has elapsed, the distillate is then fed to the

reactor 9b while the reactors 9a and 9¢ are supplied with water and the mixture from stream 8
during this cycle, After the cycle time has elapsed, the system is again switched over so that
the distillate is then fed to the reactor 9a while the other reactors are supplied with water and
stream 8. After the end of this cycle, the system is switched back to the first cycle. To set
further cycle ratios different from 1, it is possible, regardless of whether two or more reactors

are present, to switch over at least one reactor to the other starting material even before the
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10 not shown to give pure TBA and/or TBA/ water
azeotrope. The work-up can be carried out, for
exanple, by distillation or extraction. To | evel out
the conposition of the stream (12), it can be

advant ageous to provide a buffer vessel (not shown)
for this stream so that the nmyxed outputs fromthe
reactors can be conveyed fromthis buffer vessel into
the distillation columm (13). 15 in the enbodi nent of

L R T RE LR

arvingstha gyae ratiadd the c458)f tvkhdsmbre réldRR dr@ﬂotélinh%ri@bﬁhﬂé as shown in
e of _str and wat er of

xt ur eam
&lé%gtqrél?F"oYmW“F:E P b cginlovied gen é@)m the gracpssor fherinyention.
shown in Fig. 1, additional buffer vessels (not shown
in Figure 1) for the streans (8), (10), 20 (11) and
dhe sqoanch epbedinent ofhergkasessr afuibb énventimn avstownLinBigure 2, water of

98653 0 983 B8 Ao e G ) e
af S aitpwg (4)ofrarh ithe reaatora(@) arerfed mtd mﬁt-éaefor Bl Pah (6)fo theGutput (4) is
third reactor

B2l GEARR o o oplon R P Pand ot P rneanioi ) rom the

setotdd \( TR{Epfe0 Mogetticr vith! HeF of Wa&tﬁiﬁl Qg)daglﬁf E)EIB HOLREOARSh) or, after

ure fromstream 8 eflrs
SikEHR Vs i heomesi . Theowsairac Prodioia foms ceums (20) is fod

tbhdrSnfoqHe rdakbie
gma Sg ; cte rabeer gs:b?l%ll" gﬁf?‘gtﬁgﬁ&v& 2&0 W&teﬁctbf gﬂ?s) PaR S reactor output

D108 (1 ds. ifeih hasdresn Gmsdh by rectineofistrpash (Bavith Wﬁtemreactlon (1c), fed
ahelchBiptH (éé)“‘i‘ﬁe $eh Qe @{Yg?or (gw is qutthgé ?eeﬁ%nneed bg reaction of the

After the cycle tinme-ha emis
digtitlafn €30 doam theocofuyan (20).Hed @cp el ctOhmtne(245$ In nmcdlmdn 1(21)), the output

(175 1y O P B P i i 1

amom«c gltarirgnaoval ofiveet iban kpliamtﬁsfm&t E&bt sby)ﬁﬂnﬁ‘for ERer®R¢ a decanter
§Oq_ her ctleratj[l&ﬁl%ﬁfferen from
B P PIlE oY Mokt Sihelitasefian® for oisilsted fashe regpter 9a) or (9b)
and; peedBicruds TBAMEH N EONHEmA24)e 8l oudi (1®aG! @ﬁ) gsoseparated into,
t he ot her ﬁ’ rti %imaterl al even before the 18

Byntt Ggricad aretity (76) Fhicly geptaing lgosipabuisse gl the desslste (21) and,
3'&611([19 Snld iRV YIS Padl €5HIdeRRAcRde THA lp‘x‘écﬁge(f {%ﬁeﬁﬂ aﬁ or stream

ratio in the case of two or nore reactors are
adririgreriatiean £22) and sireanh (271 ig recirewated kethe reactor (3). The other

PARE (B b bWk &ARD i8S 74P WRYR s H&gﬂﬁ}%ﬁ%ﬁ:@ %‘P g’for TBA/water

of the invention.” 5 I'n the secon
pregters The stipam i(PR)ein discharas! sidovan benwéikedinp iR otheR plits by k:nown

f I sobut ene-cont ai ni ng hydr ocar bon
?lethgaﬁl%;ghf&sé%ﬁ%crude TBA (23) and part (5)

et

In embodiment 2, in which the two different outputs from the altemately operated reactor or
the alternately operated reactor unit are worked up in two different distillation unifs, it is
advantageous to catry out the switching over of the reactor outputs to the two distillation units
with a certain time delay after switching over the reactor feeds. The optimum magnitude of
the time difference between the switching over of the feeds and the outputs is dependent, inter
alia, on the redctor throughput (LHSV) and can easily be determined by monitoring the
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of the output (4) fromthe reactor (3) are fed into
the reactor (3). Part (6) of the output (4) is

reacted together with water of reaction (Ib) in the
second reactor (7). The output (8) fromthe. reactor
(7) is fed together with water of reaction (1c) either
into the reactor (9a) or, aftego10 sw tching over,
into the reactor (9b). The overhead product (21) from
colum (20) is fed either into the reactor (9b) or,

@b
r eagdtjsé?mo E)tﬁ EE{‘ Sedgtﬁ;outlﬁr% ‘IIlT%eh :é‘létbﬁli‘ C4 rth{ﬁgl@ebg%?e??b&[ Swifched over

Bylometieaiyon Sm%@on@amlw tipges IWhiel are ﬁufctwlsmftthe{)m(chmg over of the
?éeds fo‘%dacc&ﬁu&hﬁ oﬂ: S[ﬁgégéﬁ‘%ent or}eﬂltssc%%lg‘gﬁ? } g[l#at Y ut) or on-line

or (11) i f of med
mesw:mm @f amcpnmmam ®@®|cunipofedl in pﬁxﬁdul&ﬂhé B&hcentration of water
% (25). In the colum (20), the output 15 (10) or :
% % s separated into, firstly, an

i sobut ene-cont ai ni ng hydrocarbon m xture which is, if

%h(?roprl ate after renoval of water in an apparatus
dyed swilghing oueirof the feEé&&hﬁbp@tputSdiea@ﬁ describédois not restricted to the

&8PadiAkhNGksOided WRISE. PHERS @Jﬁt 9 o@ﬁte&’ (]8%&? ggn%ﬁagly Whedkver the reactor

recirculated to the reactor
SERERJTYm e wemmrhAop@ayd rmtomlammor(vaﬁe)d tot tveo diffepetit distillation

§ohn ¥ %é% eparated into, firstly, an overhead
product ot m\%ﬁ?‘ﬁh contains | ess isobutene than the
distillate (21) and, 20 secondly, and crude TBA (27).

f the. crud TBA rodu stream (22
10 ok be B i (YRR gF 35 HERig50S ocpranide PusBossels for the
fedytp thescoﬂtﬁmsr(!z(ll)l AU EL) 0 ofdeStorLbEdnBhudud bperdiit, Ot her

part (28) can be worked up in a plant vvh| ch 1's not
shown to give pure TBA and/or TBA/ water azeotrope.

Thex 3 e
The %ﬁﬁ%ﬁ% @t)that;zg \j\ﬁnhqﬁ @&ngflﬁ g&g@&lﬂl ﬁ@ﬁbob &(;Yigéé&ﬁg géﬁ? ah&‘ (9b) can in

B dFa’%éWti by ajsipalghreeptor iee blevapﬂﬁlﬁlﬁlémé by amet @uinste further
Jeﬁ&&‘(é) € a #lahRERALI6 s RPBE @ﬁlﬁgdlfn%?tcs%?\;ém ?\%l? I%t fe

alternately operated reactor uni ed up in two
different distillation units, it is advantageous to

' [ er. of .the reactor ts to
Rt et BB B R1PF0) R AR LB i1
#qngalljsm tlmhlthﬁgembmhmbﬂteoﬂhgolzdfas fodedfiore -Eii@i]l@ﬂiﬂﬁ 54#8 and the two

t difference between the
SW t c ng“‘%\? ugf q‘etheéa]rr‘%g @yfﬂarafeﬁemﬂﬂfﬁﬁﬁ"?ﬁ gre fractionated in two
differenid@himnsl Ak @rresult] i Bigher blhitdrRashRbsibh EAUI RHeved L by means of a

d iy be det d b t
L T AR S R AR Ay L S'Mmmmagl
Hévesvet, of ﬁroﬁésﬁfcﬁxéﬁwacédi‘dﬁm%ht%dth@é%ogﬁif‘é Y fanca in% 9ihas a higher

sem aut omati cal | at tinmes which ar I ons

- capital seurgmentand bllgh@meratmg costs.

When a-still higher isobutene conversion to TBA than in a process operated according fo the
embodiment shown in Fig. 2 is desired, the isobutene-containing distillate (26 in Fig. 2) can.
optionally be used for alternate supply to a further reactor (for example reactor 7 in Fig, 2) and
the resulting product can be separated in a third colums (not shown in Fig. 2).
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feeds or according to on-1line neasurenent of the
conposition of the output or on-line neasurenent of
the concentration of one conmponent, in particular the
concentration of water 5 or TBA. A delayed sw tching
over of the feeds and outputs as just described is not
restricted to the enbodinent ggscribed in Fig. 2 but
can be provided quite generally whenever the reactor
outputs fromthe alternately operated reactors are

B i D= oG LSl ' for. .
rDCrean b el By o ki Bhe Bty BB & withont the
EVgotien ipeing nestricted ththe embedinrents prepentediial helaufuhples.vessel s '
for the feeds to the colums (20) and (25) in order
to aid continuous operation. 15 It may be pointed out
w&ahfes this second enbodi nent, too, the reactors (9a)

9h) can in 0 vari aﬂt be replaced by a single ' '
Pof’F'}”c?P %e’-‘%‘i?ﬁ%‘f%gﬁ‘ém bpirapaphaying faduteingl dipmeter of 2.1 emand 2
teagtht afr40s9m.j This cordainet 120nal ofj dubetlpstt bt vesrhiadexohnige resin in the H
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SIS SR ASFRYR T SEROIoh Wt 1o Righ Fefetonsrated gpthermply at 53°C and 2
tmetionopressdiesafi 15] tat; sorthattthe éced ndd phodusiwbixelinés @& Nirtually exclusively
Rgwduct outputs of the alternately operated

reactor/reactors are fractionated in two different

colums. As a result, a higher isobutene conversion
danerperigents mﬁabyedmgmgﬁ raﬂ;nagmag ﬁX}ﬁwh'rc_htv@d low in isobutene and
BECH : anbodi ment o ig. than in a -
pr océgdé}ﬁg@ggﬁg%ﬁsﬁﬁgﬁ g. 1. However, a process

vutaae €54%dgonding to the enbodi nent shown in Fig. 2

i gher 25 capital requirenent and higher
%ﬁ%‘%‘%ﬁhﬁq@?&w When a still higher isobutene
tooiene 31.8% HyanakBA than in a process operated accordi ng

#g the .enhodi nent shown in Fig. 2 is desired, the
LBi5ae

g SRPL9RiCHYPUaTi | | ate (26 in Fig. 2) can

BERtERN 39 bhaagsed for alternate supply to a further
reactor (for exanple reactor 7 in Fig. 2) and 30 the

ndheiintsrats of senlicity.dhn Cpbydseqsstrons eted thaisothiterd acatetimred to as

i; [ totavention | .
R T et T TN
(% TRaubY tiring inilBh eadwatoe Miging ef tbitak €Ha) with Rxture (Xb) in a ratio of

%ap:b@' ' nted..i\n the exanpl es. Exanples 5 .
he gﬁ%er?ﬁ&%‘g’%ﬁ‘é&%?}é@ni ed out in a tube reactor
having an internal dianeter of 2.1 cmand a

Table 1: Composition of the feed mixtures,

Designation Composition in % by mass
Xa 5.32 isobutene
(homogeneous) 94.68 miscellaneous Cy4
Xb 4,06 isobutene

72.27 miscellaneous Cy4

17.74 TBA

5.60 water

(.334 other materials
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l ength of 40 cm This contained 120 m of Anberlyst(r)
35 Wet ion-exchange resin in the H formin al
experinments. In all experiments, 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 virt@ally exclusively 10
liquid. The experinments were carried out using a

_raffinate stream (X) which was I ow in isobutene and

&8 the fol | owi ng corfgaSiidcbaeae n - but ane 15, 2% Dy TTESS
5 i sobutane 1.4% by I- tene 31. 3% by nmass 2
utene (cis and trancgiag% i sobut ene 5. 3%
y mass In the i nteremeﬁqJBAm n’pl i Ci ty, t he

- hydr ocar bons ot her than i sobutene are referred to
s 20 miscel | aneous G 1¥ Watehe fol | owi ng text. The feed

xture (X b) was prepaf eflefh@udde M xture (X = Xa)
xi-Ag—-A—TBA-andlwat er M x| nq of mxture (Xa)

Uy II| AL |

wWth mxture (Xb) in a ratio of . 61.6 gave the

Rbe hnillyigh W ﬁle(eXﬁJ})omt]}ﬁp&ﬁh& eegj%ﬂﬁ’f&shrto{;}? 2 ~P§t§€ %ga%ggd out by gas

xt ures, | nat i onConposition i
Ic he@m dAgibat f&%esﬂlaﬂﬁ@ Wﬁ‘i@é‘ ?&ents catnat

"Example 1 (according io the invention):

The reactor was supplied alfernately with the mixtures (Xa) and (X{b). The cycle time wag 4
hous. ‘Thus, the mixture (Xa) was fed in for the first four bours, the mixtare (Xb) was fed in
for the next four hours, the mixture (Xa) was fed in again for the following four hours and so
forth. The feed rate for the mixfure (X2) was 47 g/h and that for the mixture (Xb) was
61.6 g/h. The mixture was collected for 48 hours (6 cycles of mixture (Xa) and 6 cycles of
mixture (Xb)) and an average analysis of this mixtute was then obtained.

‘The heterogeneous sample had the following composition (in % bymass):

' 4.19 isobutene

81.95 miscellaneous C4
10.62 TBA

3.04 water

0.2 other materials

The isobutene conversion calculated therefrom was 9.2%.
Example 2 (comparative example):

The feed mixture (Xc) was fed into the reactor. The feed rate was 54.3 g/h. The oufput from
the reaction was collected for 48 hours and an average analysis was obtained,
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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 chronatography on a DBl col um
(Agilent 1&W. Since the various C4 conponents cannot
be separated on the DBl columm, the nmake-up of the C4
conponent was anal yzed on an 52Al 203/ Na2SO4 col umm
from Chronpack. Exanple | (according to the:
invention): The reactor was supplied alternately with
the m xtures (Xa) and (Xb). The cycle tinme was 4

urs. Thus, the mxture (Xa) was fed in for the first
f Bt ORIt g thi geagtign hadethy Sollpwingwofpasifion (il % Yyonasshe
nexs isheEndours, the mxture (Xa) was fed in again for
the followng four hours and so forth. The feed rate
f#r 9% miscetlaneans€s( Xa) was 47 g/ h and that for the
rqd%ugﬁ (Xb) was 61.6 g/h. The m xture was col |l ected
for—4 ‘ﬁours (6 cycles of mxture (Xa) and 6 cycles of
.kt water (Xb)) and an average anal ysis of this mxture
V@% tlgen obtai ned. .15 The het erogeneous sanple had
t'ret TBFIBHFHRIS conposition (m % by nmass): 4. 19
i sobut ene 81.95 m scel l aneous C4 10.62 TBA 3. 04 water
20 0.2 other materials The isobutene conversion
chredipbateael conversisryaslonlates therafom Beadp¥e 2 (conparati ve
exanple). 25 The feed m xture (Xc) was fed into the
reactor. The feed rate was 54.3 g/h. The output from

thh bothef dte experiments; dhd soteenbliramodfi dfeihSoaEnan vaY BSdEER the
' htaj ped, .22 Th tput f) th
AR DU AYTOFRE R B e fhs SSr<Biisnt o heumbly ! st o the

dnvBtiorsgdyetar ebutene conversion which was twice that in the experiment in the
comparative example (Example 2).



81.95 m scellaneous C4 S 14.33 TBA 3.11 water 0.21
other materials The isobutene conversion cal cul at ed
therefromwas 4.6% 10 In both of the experinments, the
same nol ar anount of each conponent was.fed into the
reactor over a period of 48 hours. However, the
experinent in Exanple 1 accordi2Bg to the invention
gave an isobutene conversion which was twice that in
the experinment in the conparative exanple (Exanple
2Llalme: C, ~ Af s: 1. A process for preparing
tert-butanol (TBA) by reaction of an

i sobut ene-containir*g hydrocarbon m xture with water

ovér Aaprecdss donprefaii@ edryBiitaiol (ZBAP G RhcHBR SHAME ; s
vvher](lei n at 5 l.east ,%ge r eact or( i s?'?gppl [ qg al te}sﬁg?teelfef/mmamng
Wit 3{"6&93’%5"0 P RUF BRI R sk edbidiagidsatalyst ing deactoncdscade, whersin at
M Xt i€ SoneO freadldt Cilg 8RS b9 ; but anol it
content and ahi ghe%wter%ﬁ%ﬁﬁ‘?&t an cﬁiﬁéer&gt faffitehe-containing
mi x e caon yiglutes, sfechuenechaa batbck highee keat-butanol vdrgsneaml a higher

" the Yash @aR5NAM Bk S Riiigyi ng the over 10
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tert-butanol content contains |ess than 1% by nass of
tert butanol. 3. The process as claim2, wherein the

hyxdr 1 4hs : [ 10 ert.- butanol

oy DeeBans B T AR, bRGel YE hrdrBlatiop Blipe having tho tower
but defGbutanad cantentisontping teestham % dly aiaseef tértbwthim 1, '
wherein the hydrocarbon m xture having the | ower _
tert-butanol content has an isobutene content of from

1 3 Fhg@oechss avedtrim % whiieln {ie hydoearbom mixaieBakiddihe Wivédfert-butanol
Cl AlofBent chRaim \émﬁ e he hydrocarbon m xture having
t he .I'oa/er tgr%i- u £a“n%r%cgﬁ?ag ?{*Fé'@“%ﬂ@at er content
which is not nmore than 10% above the 20 content which
I 9 595 URlEesl ] drocarbon mxture. 6. The process
as gﬁa? e Siaﬁ °£1ar1{§e‘{]o%’ Ay ﬁs‘”ﬂﬁ%ﬁ&uhmﬁrém miyare having the lower
r eatsridrutinel swppt hapcn ddobetemadontsyt of okt foWovellyf has ent
I sobut ene-cont ai ni ng m xtures.
5. The process as claimed in any of claims 1 to 5, wherein the hydrocarbon mixture having
the lower tert-butanol content has a water content which is not more than 10% above the

content which is soluble in the hydrocarbon mixture,

6. The process as claimed in any of claims 1 to 6, wherein one reactor is supplied alternately
with two different isobutene-containing mixtures.

7. The process as claimed in any of claims 1 to 5, wherein two reactors which are connected

in parailel to form a reactor unit are supplied with the two different isobutene-containing
mixtures. '

8. The process as claimed in any of claims 1 to 7, wherein the two different outpuis obtained |
from the alternately operated reactors as a result of the alternate supply of different feeds
to the reactor are together separated in one distillation unit into a hydrocatbon-containing
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25 7. The process as clained in any of clains 1 to 5,
wherein two reactors which are connected in paralle
to forma reactor unit are supplied with the two

di fferent isobutene-containing mxtures. 8. The
process as claimed in any of clainms | to 7, wherein
the two different outputs obtailkded 30 fromthe
alternately operated reactors as a result of the
alternate supply of different feeds to the reactor are

t ogeftrram and smda tertbutanobne di stillation unit into a

hydr ocar bon-contai ning 24 stream and crude
tert-butanol. 9. The process as clainmed in any of

cl 8i Fiee totess & claiined #i anybPaitns t67]f1858RH ;
obt aﬁ}g e;,r om & he al %{gr nat el y operat ed reggg)?g?e?eé%o%tputso‘otmned
resu FIFEST Qpheitbreagionsy tefultpf thicealisrmatef woply of different feeds
t he toaher@ntopas: fricdichdt@D &had: t i : '
distil]ation units to d%i \E/}eléJ h;/§ rg?g?bﬁér@h%%hn%@nﬁoﬁw hydrocarbon-
str e“é’ﬁ}émé?ﬁﬁ%%ﬂwa &nd grydefert-hwanol andl theheverheed pewtict having the higher

pr odktblutel @ Yo | - ont I s used -
for supfol yi ng _tt#(}%g(lbfog?ﬁ%%@@g%%ﬁgﬁg&pﬁgﬁtﬁgoﬁo.

The process as clainmed in any of clains 1 to 9,

VIR e Brdtosd £add; EM@]E%Q&t L. heactar 0 units are

oper at gd al t ernat el y. 11, i%es grt%%’e% e a&feaﬁfﬁwa Tpagtors or reactor
any Y8l @p gpergted altegnately. wherein the al ternati ng supply

to the reactor is effected so that the m xtures are

charé}%ed inacycle of from0.5 to 10 hours. 15 12. The

prlodls pragssscaselaimad imatanof obdime 1 atb 119, Whérein’the aMBRIBE Rupply to the

t he rdacldB il ok suppl f the mxture which is
ol S RO Lot AEBHAR o Bree o p el gk 04500 hours,
supply of the mxture which is relatively lowin

t ] yal to.ar greater than 1, -13. The
\Ig?'o gﬂ:%% g{&g?;r% 31?%%%(%? A ?gﬁlﬂ?lig ,Wﬁré’?‘?ﬁ*ﬂ thetimazationfardbe supply of
f or thehixtuopwhigh of retdieelyicieh i Wate2AIVIB LB hS & | #e!
ri cﬁﬂt&em.&ﬁs%ﬁ]&‘j@% to the r tor to suépal%{yoeg%‘%tgl’slﬁe(pply()fme
mi xture whi cho i Pl el PV apddBads siebio oampatephant.
from1.5: Ito 2.5 : | is set. 14. The process as

ai ' of .cl ains tp 13, wherein the process
i E’g%%s & retfiecin i i berria aghe rabn o0 oD OF he mixture
25 which Belafivaly fabinagatalaad TBA th hedBierdto SlRlyEF e tafkiure which is
14, fﬁﬂg%l? Or‘]vgl V-D eq'ragg %[BR%I}ﬁ'glmxlt.y r Ie tOhZ?SV I Inlgs set.

14, ‘The process as claimed in any of claims 1 to 13, wherein the process is carried out af a
temperature of from 30 to 120°C.

15. The process as claimed in any of claims 1 to 14, wherein a hydrocarbon mixture having

an isobutene content of greater than 25% by mass is fed into the first reactor of the reactor
cascade,

16. The process as claimed in any of claims 1 to 15, whertein, in the case of reactors of the

reactor cascade which are not operated alternately, water is fed in before the reaction
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an i sobutene content of greater than 25% by mass is
fed into the first reactor of the reactor cascade. 30
16. " The process as clained in any of clains | to 15,

“wherein, in the case of reactors of the reactor

cascade which are not operated alternately, water is
fed in before the reaction 25 #fxture enters the
respective reactor: |IT The process as clained in any
of clains 1 to 16, wherein all reactors of ‘the reactor
cas AR prters herempectivairedatos. t enper at ure dif ference of
the reaction m xture fromreactor 5 inlet to reactor
outl et of less than 10 K 18. The process as cl ai ned

i 17- dibp nsooest as rleindedt in 4, ofvdleingi Mtd 16 voiRkdh ¥ tredtSRS of The reactor

rea near I00|t of from1lto
%%ﬁéé% %§§9®H%EEQQPE§?HI EOFhef the msgiipn mixtare from reactor
parunlcﬂterammmmietf)ﬁemt@anllotm 5 mm 10 19. The 'process

“as clained in any of clains 1 to 18, wherein the

reactor which is supplied alternately with two

di8f The @rdcedsSRIMIRBE i &t 6¢ & hyd €S.1 i

of which.one,. has bot%ﬁI ?ﬁgrl *e{?%%g{é%ﬂ{fpx% tfpd m reactors
and “BHEY At ingst wsloGratSiom 1 ka6l whheis ot ier cxchaoie rsin having a mean
t he paréisle si-8 8EH6kh 0N 103 @St -reactor unit conpri sing

two or nore reactors connected in 15 parallel of the
react or cascade. 20. A text butanol-containing mxture

' th @h@ﬁi&:&sk&b’ BIREORERS o afh Al %898 ' Whefiiy th%freas: tor wrﬁch is supplied

g]ternately with two different isobutene~containing hydrocarbon mixtures, of which one
has both a higher tert-butanol content and a higher water content than the other mixture,
i3 the last reactor or a last Teactor unit comprising two or more reactors connected in

paraliel of the reactor cascade.

20. A tert-butanol-containing mixture obtainable by a process as claimed in any of claims 1 to
19. '



