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O Z 6147 | Process for preparing tert-butanol by
Ob#id470of reactive rectification The invention relates
to a process for preparing tert-butanol (TBA) from
I sobutene-containing 5 mxturgs with the aid of a
reactive rectification. tert-Butanol (TBA) is an
i nportant industrially produced product and is used as
solvent and as . internedj ate for_ the_ preparation of
[OCERS 10T RLCBALING el uta 0l by cans of neactive negtifieation
preparation of peroxides such as peroxyketals,
eresters or dialkyl peroxides having at |east one
Themyertion tblateslto 2 propessfor pidpesing woripnand STBAP fiufiidotasiene-containing
0 idanHi ndda? initiators for free-radical reactions,
i wdate

mpipres 7T EOTeFHEFAPB | on or crosslinking of
polyners. As an internediate, tert-butanol is used
for isolating pure isobutene fromisobutene m xtures.

teRcButivel (OB A) isi dn inportantdagatially Produced pdustandRs @ed as solvent and as

.tertiary butyl groups. Its alkali nmetal salts are
mi“-‘ﬂ“S‘il‘*f@*et’fa"s'g'é PipREation of methyl siethacrylate-dhisye rrgeurses Sexthe pEparation of

' ien.of isobutane ar is .
P PGNP S PAERALER, peeRs R el oot R MARE aftrst R tertiary bury
group. hesecdmpoitngs apeetsed iad @xidaHBnArQGAiIHaRTs A TrddShdibdl¥eactions, for
car |%d out in the liquid phase and can be divided
eXFW:PEF lGHn golymsEzation s crrsalinking efpalymens. Anen intermeiligte, tert-butanol is
' a ol ut.ion and b . .
oA S SR ERlSre SPLLISHRChAR, Ao, it is o st o
intadustiys bSteviivirg bugt groupd) lis ntaliwdtel salls £18QtrbR@BAskPRhich are employed
._phase are used. Honbgeneous catal ytic processes enpl oy
n §¥HBessEi d, het er opol yaci ds, p-tol uenesul fonic
acid or other strong acids as catal ysts. These
hi gh-activity catalysts usually forma honbgeneous
Tihasebepteparicl by oridation 6f 36RO or i§ BbthaiiRl ab BHre@lRIYAE epoxidation
c ot be renmoved by 25 nechanical neans. If the
Oftog? AFPEer-RRYT peroxids o ushauodessemardiesualiy carried out in the liquid phase

] . istillation, the vield.is, reduced b )
o e O G bl AN prd R el Sl SSUES 06 1 a aqucons
catajdr adliivh afd bpkduibedRoEPHA fn%f:&s‘s@éﬂtlaﬂﬁfch‘@b%? chfifsts which are
. aid of solid, acidic catalysts which are soluble
insolbi¢ i the reaetien phase atevgedrat erial's nor in the products

has the advantage that the 3o reaction mxture is
acid-free and can be worked up to obtain tert-butanol

-Hothdgdanetius | tdasc PriRedses kBHISSaHil! W,%et%ﬁtﬁ?%céds, p-toluenesulfonic

secondary reactions. The reéaction occurs a
acidy of ftheropireng agifs apy satalystsorThese drigh-activityo chiaksts usually form a

I r tants st _b resent at the activ
hogllo?éﬁglﬁg‘) gh%e ngﬁglt@% feagtion prod%ct? SO tﬁat the catalyst cannot ebe removed by
mechanical means. If the tertiary butanol is isolated from the reaction solution by distillation,

the yield is reduced by backreaction and the formation of by-products.

The hydration of isobutene to form tert-butanol with the aid of solid, acidic catalysts which
are soluble neither in the starting materials nor in the products has the advantage that the
reaction mixture is acid-free and can be worked up to obtain tert-butanol without losses due to
redissociation or other secondary reactions. The reaction occurs at the snrface of the catalyst.

For a reaction to take place, both reactants must be present at the active site on the catalyst at
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O Z 6147 2 the sane tinme. This is nmade difficult by
Owatedd7and i sobut ene or an i sobut ene-contai ni ng

hydr ocarbon m xture not being mscible with one

anot her. To obtain acceptabl e gonversions, use is

frequently made of solvents which make it possible to

obtai n a honbgeneous m xture of water and the

I sobut ene feed m x(&flsjre. 5 DE 30 31 702 describes, for
thefjamesiimgo dBis isHeadss diffieulinby Huster and ispbnieator ot isolfusene-containing

. (N r@an | eng- cont ai ni .

yd(%g%ar g{r?]fl I‘raﬁnfltt Eggg%?gﬁ?@ u aﬂo"ﬂfsglgoﬁ}derh@? R@fg‘“’t %‘:I‘:Fﬂngle COTVersions,
usels feqedntie male ef sdlvaitsetichagaleieposaiblaio@btist # hologeneous mixture of
di sadvantage of this process is that the solvent ~has
WFWH@%@ wieBfes Mixyed-n from the desired product in

an addition separation unit and 10 therefore incurs

addi ti onal apparatus costs and operating costs. In EP.

DB 30130 23jeseriben 1Rk itlis pafpasy thé Gs@6f SRt A %ofveRibdth f8r water and
6 _carbon atons are used as solvents for both starting

fopragobrieas or arrgobutene cantpining yydrecareymsmiftuteh esteButenalsand methyl tert-

r - _pbroducts.  These have to, pe .
o OO e Wep B it ot & 5Bt & B ppacess st the solvent
hasa0,bd $epatatdll 38 LhmAHYANHI IRsHOPbrddlet FOMY SMitiblR Seafation unit and
be separated off again fromthe desired product I an
thergfnre msues additioanlappanatug spsts amblopaiating wstal appar at us
costs and operating costs are therefore incurred. WO

99/ 33775 describes a process for preparing

Int EP 0-0R0OABOALIpNLE @abok AL MidR hAviNE Urdn 120 6 WAonSitHSs are used as
water,tert-butariol and isobutene or an

sofveats for hethcstntiag matagialsy The tatitryrbutylesterseof theseracils are formed as by-
o) C resi.n.in |tistage ;serjes reactqr. .
PG RIS 135 T B SRR 8388 B oo, s
didagvigh@whebthe fMent Bhs td18e sBi240% @ é%%'d frofChk &Mt Ffdduct in an
fromthe first reactor to the inlet Oof the sane

addisigeloseparphien ginitcanidaadditionah pppdraime wosts ahd i aperting diosts @re therefore
iné{;’gf)&ture which is recirculated to the first reactor,

a g'ratio to the feed m xture) is from1.8 to 10 and

the 25 proportion by weight of tert-butyl alcohol

based on the hydrocarbon m xture (total of isobutene
WERP/Z3W 5 odeseribesy dr proeess ofvs ) praparirge tértbthngdf by heactioh Séf a mixture

reactor is froamO0.5 tp0,3 5. The mxture fromthe .
COPPHERE ealth f?rto‘mlaf anQisaBitene s FLIPRHERS-qaniRIng Aydragarbon mixture
ek QA IERhEnge Rk | ¥
fwf' urther react%elr %Eli;:lgﬁ;hc ﬁé‘ﬂhﬁgltagg g\gfs?%s?fe#]tgf. glti%(l} g&rﬁ?’g& ¥io14 crature in the
indivignaltrbastors isshelove 46 1@ rPartsofithe inetmudiate)is eicitilhted thoddthe first reactor

to He igﬁ:§ E){' FD%’S&I%% rréac%fr. hff:et::ilt'ce attibg lil‘;tg ?z?zl:ou%?tc;?iinrgtaer(rjnehiséte mixture which is
recirculated to the first reactor, as a ratio to the feed mixture) is from 1.8 to 10 and the
proportion by weight of tert-butyl alcohol based on the hydrocarbon mixture (total of
isobutene and any other hydrocarbons) at the inlet of the first reactor is from 0.5 to 3.5. The
mixture from the first reactor which is not recirculated flows without intermediate
introduction of water through two further reactors in a single pass. The crude product from the
last reactor is worked up by distillation. If desired, part of the tert-butanol obtained is

recirculated to the first reactor. A disadvantage of this process is the low space-time yield.
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30 recirculated to the first reactor. A disadvantage
O 6141 s process is the | ow space-tine yield. O Z 6147

3 DE 030 25 262 and US 6111148 di scl ose processes for

preparing TBA from i sobut ene d water, in which the

target product, viz. tert-butanol, is used as

sol ubilizer for isobutene and water. In this process,

ﬁ nbét ure of i sobutene or an isobutene-containing
DR {dP de 2pD3Rd 6 Lirld48 digelase rapeessesrior preparing TBA from isobutene and

j ert ~but ano ver strongly acidic, |
W NE e 0 el ShbaR AR terHiBine, S bl &deniliser Tor isobutene and
waten rethisstotdls, 3ahix@fre of REbHBACH Al listhutiddl | i
el attos s distilled. As top ﬁ%u@?%aﬁgx%ﬂﬁ’%%gbmm‘mﬁ’
waier apdtebutgol is sbuvesied intodertbytanylviet arstongly heiaio ibhexchange resin

. 1 ' ' t der th t diti
in ggﬁar!aﬁ'grho?rﬁ\%gt%a {f@%ﬂ%ﬁ i esfegaq. Zt}%ﬁ%gcgllgg E’@ig‘g&e Iieg.izi(x)lgsfthea fast reactor is
digilled] AS Qo prddatd Qhikhed WitunrERldd 1%&%&1%&}11’(15’%1@ hydrocarbons from the

recirculated to the first reactor
feqsk whiohsars imem tundere thehwmaetidnh eomditi@s vaa tadbggnddn atn aqueous tert-butanol

Lete .conversi on of isobutene to TBA is not
S"%‘gg@ ?%‘Fbimﬂ%"g%?ﬁ’g Ok Pf?&%?t-%‘ ‘SJPIGHf isfeqirqulatadde theofimtusacor.
equi librium Accordingly, it is also not possible to

renove isobutene conpletely froman
Al] thsinroessses quentianed haye t64 dispdvantae ihat cormpldté 6dhvessich of isobutene to

ffmate Furt hernpre, conventional processes_have
TRt R I S s e —
it talsal nbOWokENBlAL4hSR idbbafeHEr ﬁ%ﬂﬂ)&?&?fgi {ﬁ:lohp Gnl ?s?glﬁene-containing

position of the equilibriumint on of

Cotpilrpcardon| fraction, sigowaffemts Lo Furthérerg ncbnveitithal PreRsses have the
t he

.reactor vaolumes.. To overcone, reaction equilibria, )
dishGPRleRe i (L Etion Bad 1 OF CARISACHHY 9h 19V Pperauesl 1 ordss to shift the
4664 oF tee ' Al ' A eactions,..
oIRGB e vMIRIuRL i IR WRRbE e TR Bl B7SbW Rieton rates and
thugyargteesctor yoletky.l tert-butyl ether (MIBE), ethyl
tert-butyl ether (ETBE), nethyl tert pentyl ether
(TAME), ethyl tert-pentyl ether (TAEE)),
To Vel NSyi AN NS, 1 ityoas
% so‘mg ﬂézg?‘?tgdr%s%ué%{% § %@eﬁ {é(gr\gldgéﬂegﬁgér? gméeeﬁ?w%fornolﬁﬁi begp found to be
usefisli inciypleeowsf indwsarddliyvienpdirtati tebetidn@NExsinplbaAkhQhay BE mentioned are

distillat] urring .in parallel to the reaction.
ethes, &Ympheses, (R DA Cier (VIETC etbylcteyt-hur cthes (ETBEpmethyl tert-

Eeth, i z ol S romthe . o
pec{IoohBCtAOR) 2881 800, ETPY R bk Eims, ppeserceaton,
isomeripaions,cethar clesvageaayd alljdradicieh The (Jrkipid 808l distillation is

butyl al cohol, by reactive distillation

and tertiary.
basptﬂ qnhé)epéxé@g%@g uRmEaEY prrgllelote Eiecteastipsr The reaction products are
selé%g_%%& '6@%% gi‘g‘%‘l(gﬁ) ﬂﬁ]rgac%ﬂ)g 20 a@J]t%ugE};eIn%ogrgd BRonhd 'eqilli[}brium.

process I's C

The preparation of tertiary alcohols, in particular tertiary amyl alcohol (tert-pentancl) and
tertiary butyl alcohol, by reactive distillation in the presence of an acidic jon exchanger is
described in EP-A-0 415 310 and DE 100 50 627. In EP-A-0 415 310, the process is carried
out in a reactive distillation column provided with helically wound mesh structures. In
DE 100 50 627, on the other hand, preference is given to using structured multipurpose
packing elements as are, for example, commercially available as Katapak® from Sulzer AG
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out in a reactive distillation colum provided wth
(h2l6ldal | y wound nesh structures. In 30 DE 100 50 627,
on the other hand, preference is given to using
structured mnultipurpose packiqg el enents as are, for
exanpl e, commercially avail able as Katapak(r) from
Sul zer AG O Z. 6147 4 or Mritz Miultipak fromMritz

mg}g‘i_cg M concept is the sane in both
op tipa afgqntMgntgt bHi Abe selamngrenopttif thecsaimenin Hiath processes,

_ aIH] gk:sﬁ?ﬁﬁgﬁ%g%{tﬁﬁg le(%ftﬂiﬂ\% %&Illglln;]::s 'éj*t%a;e%?@ls%at ?\%51312 lglss\;d}’g&iflneintemals while

theesaditheentisastonriabseferhblyatihp &P i Oy
50_627, the CA- \tﬁgr%cayggnﬁﬁi xﬁpge#iig? gggpﬁﬁg%l% tﬂjﬁéx 0415310
ap REL0) S0 437 ethe - islredacbad mittwre 1§ fodi inthebmh deckeetive zone, while the
. he reactive zone, A disadvantage of
wttaﬁl? éscl?rljggg&gﬁkfﬁégléér grt?llugjﬁ 00VvE fhe; reggiiye ZoRg Afisad gg of this mode of
operstionds 6QY derR k@KL R EM ' WAy i
A 0 bR A SRS b DR R lver o
thesoluymy yithpeahe Isolubilizingeadtion sifythe estiary alcwhbh and seriously restricts the

. ivepgess,.qf, t.he di,stillatjon and jn particul ar
offichiOlch 67 R i aBi f pepsRelar thervgaions b fiet thepice-time yield in
the ereadtivé edighilfdtioh| @lindA 1§04 =N d | LLan.
t he, reactli on rate is redueg{eﬁt}dbgn fggﬁ§/6§T g%él g%a%ggﬁ trhtg s reduced by
h)@gqt@pﬁ@q,\;zmim@r waist, siec imbiehenea AsoRIAROAPbERd can diffuse only

i ffus nly slowy through the

sl ygraé F{g}fﬁgﬁgﬁﬁmﬁﬁﬁﬁgo 56 685 di scl oses a process for
preparing i sobutene from an isobutene- and n-butene-

containing C4 stream in which a chemcal reaction to
DE dPfv6 683 lt())ﬁ@aTmmchfot‘ pm_ﬁaarix?@isbbsfthm from, angis@butéﬂ_EB&ad n-butene-

. carboxylic.ester, is firstly carried out in a

corﬁeacﬁé V(Z"' | %af”:i'bcil aTHhemichd fisaqtionate H9reY @cfowrstream product of
isgbutdnt] @, | MTREN I BBA! bAty e eedd ; Y out :
_redi_sso% ated fo formi so%u?ieyﬁlg ?Sﬁé}a liﬁ%%%& PYl I a reactive
digtillatipn.| This OIQWnsh‘ethilsoduabdegmriﬁb&a'pi # dbsillenen staﬁe and subsequently
Ie‘%o%t aLni.n CA: h c{rocar bon xture i s fed into the ]

SPUSIRFE O PATKISAGUFRE Wyfeserenbieactivediistiliatipmtin dhis prsicesst the isobutene-
coBRInPhNCEhY NS A BNV RLAS sl act Ly, istillati

res pe%]t E—o? the space-ti r?r?@ ?léﬁgl%‘l %92{1%% %%?I%%H @‘8¥e&cgve distillation
plaitsti || ati on colum and/or the selectivity and/or the

resi dual isobutene content in the remaining C4

fraction, it is an object of the invention to devel op :
SircePthe A8RAn\Proetssed ' ohi ield and ...

virtual |y \é\gfrrpl estgée\éfe:g u%@ﬁ%ﬁ@%é@?@sﬁg# ggg}é Space-fixic yield in the
reactive distillation column and/or the selectivity and/or the residual isobutene content in the

remaining C, fraction, it is an object of the invention to develop a process which gives a

higher space-time yield and virtually complete isobutene conversion.

It has now been found that the space-time yield for the formation of TBA from isobutene and
water in the presence of an acid catalyst in a reactive distillation column and the isobutene
conversion can be increased and the isobutene content of the distillate can be reduced if both

the isobutene-containing mixture and water are fed in below the reaction zone.
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It has now been found that the space-tine yield for

Othé18Drmati on of TBA from i sobutene and water in the
presence of an acid catalyst in a reactive
distillation colum and the isgbutene conversion can
be i ncreased and the isobutene content of the
distillate can be reduced if both the

' Q}nggﬂ:c ntaining mxture and water are fed in
2 Sisclosky s BRossie: the disepciatiop R AT inEpisobIee: @ibvater, ic. the
' S, Juhe di ssocjation of TBA into . .
el RS IO RARETT b BB ThBle 87 B i is introduced
intrethn seasfive distillaticar cbihatin beldt 188 reatBbe24ROA ’Fﬂi‘ﬁ[i% Gfne/water mixture

gjﬁture is introduced into the reactive distillation
WRISLU R BYET- odp e 1Ot 1Teast e apforn TEBA Aut Be\chswiiet] evisnallyt enmpletely into
1) r e does not yeact to yeform TBA
‘Sﬁﬂlﬁf&‘#ﬁ%&“\rﬁ%ﬁg B&"Jgg‘?@%fﬁ‘%ﬁ R fEPet 745 S ireistaseapent can also
bearsdd Vatthe forBafbreSETBAIFor Ratek 8aFishMRedOne.
Surprisingly, this reactor concept can also be used
for the formati on of TBA from water and isobutene. The
-invention accordi ngl rovides a process for
T SR iy A 4Py B ¥ aBgests for pusabing ey btanol (TBA) by
reactinp Vire ibaRAb2bitaihdCE, Y HF REBHR Oftrealn’ GAM Waldh MBI & solid acidic
over a solid acidic 10 catalyst wherein the
catalysh herran dlem isabwtengrcatainingr Gebydrocarisirr stasmmand wateerare fed into a
P At 0 reactive distillation colum bel ow the
reﬁlg%??gﬁh%lncéﬁw g‘ﬁ‘e’v %? BREN® 2P9F5 ant, a nixture of an
i sobut ene-cont ai ni ng C4- hydr ocarbon stream water and
TBA is fed into the reactive distillation colum. This
In gog tnrpeest ¥arians ® mistureaf By isobatehé-omntaibfngo€,-hydrocarbon stream, water
l U - al_ni.n ~hydrocar bon, streamw th water .
angv er gsefsgg Imﬁ(g Fﬁearg f‘%ﬂ‘% décsg’lllﬁﬁ% ?&Pﬁnaﬁlﬁ MEK{URS ¢ARyBE obtained by reaction

of b8 &vboene-Eh@aiRiR € hyRbMrBdRASh AWt wafd id, acidi i
i sobut ene- cont a{i@ni ngﬁc(gl- hydr ocar boln st rfeg‘rfﬁrvﬁ Stoﬁd’v\%%dé? catalyst in a

Prejipipary reasgari d aci di ¢ cat al yst is preferably carried

out to an isobutene conversion into tert-butanol of
20 from65 to 97% and the m xture obtained in this way
Thie prelRsinkiyrOackiBs of 82 Sobiendbitiihindld o 0 ill&
p?oqessaﬂgf the inventi onl,1 Fnt r%iggfc(%“i r?r%cfgj}btb euﬁégeilﬁo‘ﬁatemvera
solid agidicecatadystvs pieferaldpcairied oup & ki i@bikne $6@R%di@ into tert-butanol of

r t he jsohutene:containing C4-hydrocarbon =~
ﬁ"?fl?géﬂwa@g/h 4] the Jrixes Ph%leé HE thiS ey Folcd 4 Fieatenesive distillation
colgfilnumm at the sane point or at various points, for

exanpl e the water above the C4-hydrocarbon.

In the process of the invention, introduction of the reaction mixture below the reaction
packing is essential. Water and the isobutene-containing Cs-hydrocarbon stream can be fed
into the reactive distillation column at the same point or at various points, for example the

water above the Cy-hydrocarbon,

A block diagram of a plant in which TBA can be prepared by the process of the invention is
shown in Figure 1. The isobutene-containing C4-hydrocarbon mixture (1) is fed together with
water (2), which may contain TBA as solubilizer, into the reactors (3). The reactors (3) can

comprise from 1 to 5 stages, preferably 3 or 4 stages. The prereacted mixture (5) can be fed
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A bl ock diagram of a plant in which TBA can be
Of.endred by the process of the invention is shown in
Figure 1. The isobutene-containing C4-hydrocarbon
m xture (1) is fed together mﬁ%h 30 water (2), which
may contain TBA as solubilizer, into the reactors (3).
The reactors (3) can conprise froml to 5 stages,
preferably 3 or 4 stages. The prereacted m xture (5)
toggtherswith @ opsignal gatey sgean ¢djanitocthe wiactivarectfitdtionalhe feed position for

R Ond P ERCHAY (T35 B o Skine iR oS b ety eriaton colum.
ThdQvasdrr dtRBINNGH) S8 GirbRALY it 4115&?9{ " sﬁtﬁ%lth')?{ £ah! tgng colpmn as the

colum. The water stréam I's prefera ntroduce
prgreagthd mysives (50 Iyt papticuldreenthwidiment a thdyrocdss,eiddivhedwater (4) can be

I IO T L R —
RO 4l A0 0 i st S R e

also lead to dem xing to give an organi c phase and an
As an alternative, the prelimnar

agueous phase. ¢ y
Af %&@? at@’&n B BTedinUpEy Seagtanican be dispensed with @ng stagaek (kmad water (2 or
( - ek Lt L dent O ¢ ive ..
DR (kg ife (RS h ol 718 T Fsiionsage tooaed below
the) a¢agtivg Ocgidre (6)eAcdistiliation gegion (B beAoekitsd bétivatd e feﬁd point and the

. rggi on cag be ti]ocat ed between the feed point and the

IR0 708 DYAW. theszeastive Freione dbare je 2 maeg distillatinariegion which serves to
5te off k! | (=Yl i parate off, .

o A i ey RO Nl P kol PRRR Fpedominantly

TR napd vets, jseatiowith anitdryconddifrations 10@iee thaniifl @@ Wite¥TBA azeotrope. If

d wat er .C nc%nt.liati ons. |l ower than in the water/ TBA
o ﬁb‘g‘?eef fillaiensiegion, (Shhaving a0 tei W thearatiqabplatesgireferably from
0 iBb thertmgl E![&Ré@ Qatt Be ]lgcatt%l? gIFoQ}e' ﬁ@lrg%!gﬁ%gggigxg er?e gia{ugp h}é isobutene

from1l5 0 t0 6 theoretlca ates,

- condpuiretitthin the aedciive 61y The té pRAh&S®) bhRined ¥4t € Rixture having low

Eontents eljisphutepe@nd watsrur e having 1 ow resi dual

contents of isobutene and water. Usual conponents such

as punps, conpressors, valves and vaporizers are not
Uss#losomjionetith suct?fs phrags( cOindeissirs, biilved fad Qfa?&?éé['ssﬁ‘e not shown in the

CEW%S of a plant. In the process of the
bl ut 9rp; of pQugEa GomPogents ebdplashe with water to

formTBA is preferably <carried out in two stages (see

Figure 1). The first stage conprises the reaction of

In e gadesnef the inviehforCthefexdtiohdf Moblite@ Wit wabkrth fn TBA is preferably
hout addition of TBA as solubilizer, in one or nore

Car\gsé PBYIE ostages, (sep Figuge b). Tha fustistage (cotmpeisesibe randtyoraot isobutene in
i J-i0r] TBA. .. nat d t h
thel04xitifd With R R G iRl SRR, o TERHS S Bl er. 35 ope or more

reattoes, fih rthé iddah @eseCanitil the thermodynamic equilibrium between TBA, water and

1_estcz&r;ii:entrati n in the reaction zone. The top product

isobutene has been established in a homogeneous solution. The reactors of the first stage can

be conventional fixed-bed reactors containing the same catalysts which are described below

| for the second stage. The reactors are usually operated at 30 — 110°C and 5 - 50 bara.

Typical compositions of the reaction mixtures obtained are described in the examples. In

general, these mixtures contain less than 20% by mass, in particular less than 15% by mass, of
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st b A

be conventional fixed-bed reactors containing the sane
GZatelagst s which are descri bed below for the second

stage. The reactors are usually operated at 30 -110C

and 5 - 50 bars. 30 Typical conpositions of the

reaction m xtures obtai ned are’described in the

exanples. In general, these m xtures contain | ess

.than 20% by mass, in particular |ess than 15% by nass,
IWU@Z:WIE&}HIF_ cpnvertshane selectivelycintd SBAGIAVES betedi®hY second stage, viz.
ﬂ%qje&%%ﬁghv 400 TBA in the subsequent second stage,

Vi Z. CEloah| istillation colum. In the process

variant with a prelimnary reactor, in which the

i sobut ene-contai ning streamis 5 prepared by reacting
Inatheipsentsst enriant withai pretiginGsy rydogdamiam Gt ieditentcbntaining stream is

over .an acidic catalyst, this can also be

{
PRSI B MG B SOP PG Rt biG K detocebon spane®ithovaedoaver an acidic
cALAIGSEIRNGR dld be %@%@tﬁ@%@?ﬁ}}é’fﬂon&%i@ﬁq& | : en% tnO%%- Preference is

. conversions of frol
int thisa884 givem tyisplartenecednredsiond o€ EORAPS 16 §7%Mn8Rri@1 35 %m 80 to 96%,

10 Thi s gan he achieved, for exanple, by reacting an
V%Bﬁ%@ﬁ@ye’&?ﬁﬁﬁ%@ &4iaS8%ocarbon stream over an

acidic fixed-bed catalyst in a plurality of reaction

stages. Here, the reactors are connected in series
Thindaorbe aclpeved) lfed exabhyslej byli tehding! an 2R6LLRhE cMtBining C4-hydrocarbon

erated in .ad%%ng)lsg pass or in a |oop node. The
d-0st sptabat inagrmatity ofireddtion stagss. Heag tlar reactors are

coRheddEln 4 . t.em | M xture conpri.sin
“the unr egaig%}tE ﬁéollydrj%{lg I a s‘al'fSI?f%rrl1S @Hleu e ?W@E%P%%f%@ﬁl a Sthgle pass or
ingt joepmode, The irsativh gmeduch obtaia rord the hRIMIA reactor or preliminary

2-but e[ge, .together with_isobutene, tert-butanol and
TR FYSIOph S @ oMBWE r COIBIFing, the winpastesh materialst fromt theoC4-hydrocarbon
strBiid, ¥B! Bbindthhe! Alohsaly PRMCAL ng h%%fegtggtgg%tpgrewith isobutene, tert-butanol

rnmodynam ¢’ equi [ Ibrium

-antievgder Theicencattritivons o€ #dbtene) bh-BhtanbSarddSser hhis\Fream are close to

%boces of .the invention, it is possible to use
thereppebgemiarsHlibrien st dhe respectvetsnipsiatye bbthe retwttee
and |inear butenes, but no acetyl ene derivatives and
| ess than 8000 ppm by mass of butadi ene. Industrial
Asnieetisne shevipradessTey the iliehion, biptid poS@hlEt BNGsedB &rb%ﬁ%n mixtures
but.enes are, for exanple, light naphtha fracti ohs CFTom
COMBFISIRG (hotly 1sobutene 64 lmeer brisness®Ct norvicetyleme detivatives and less than

e N U i VT —
lineanbutenes arel fomesdiaplie; l?hft SRS frddion® froff rehh&g%,r (51; g?clztiﬁ)gs from FCC

butenes, m xtures 25 forned by netathesis
unilt o5t Fledmi prackers: i mixtyies cemeFischidrdiepseh xéyurteses; anixdres from the

I ss. of the invention after renmoval of
de]%’;ﬁlg&g%{ﬁﬁug(ﬁ’y%%?, RixQires om s eFetaxtl 1somenzat?on of linear butenes, mixtures

formed by metathesis of olefins or other industrial processes.

These mixtures can be used in the process of the invention after removal of the multiply
unsaturated compounds. For example, a suitable feed mixture can be obtained from the Cs
fraction from a steam cracker by extraction of the butadiene or selective hydrogenation thereof

to linear butenes. This mixture (raffinate I or selectively hydrogenated cracking Cs) comprises
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unsat ur at ed conpounds. For exanple, a suitable feed
OB ¢guke can be obtained fromthe C4 fraction froma
steam cracker by extraction of the butadi ene or

sel ective hydrogenation thereof 30 to |inear butenes.
This mxture (raffinate I or s8l ectivel y hydrogenat ed
cracking C4) conprises O Z. 6147 8 n-butane,

i sobut ane, the three |inear butenes and isobutene and
mbgtaae,pscéfu&me;&ﬂne&hraé tineg bidnes b isobi@énd 1 iP E‘fa‘f&@ﬁecpgtamng material

gg: [ nventéq%n If the isobutene-containing streamis
for e RrecRss Abthe JRveRtiolt er into the reactive distillation
5 colum bel ow the reactive packing, the | ow boiling
CA-hydrocarbons rise in vapor forminto the reaction

Ithhél escﬁnﬁéne-dblﬁtamg Becait i REMGREALE Wﬂewgfer W the 3B&ttive distillation
drocarbons, part of the water is also

CQ_]}H&H lowt the rpagthyg’pg@kxﬁg;rthqz laygboiling C\Mhykirdchﬂ)ohe ﬁde imvapor form into

TBA present the f

i} BT AT PR yo Wl rminigl i85 e o1 Wit d Cephydocanbons, partof
thplvm iealdo &afspofted ¢iR

a C4- hydrocar kl)aon m xt%lgjg%@%.%&}%\ﬁoﬁhgg&%a%ts use%m%’lﬂ zone. Any
TBAdyesenhin the- ﬁy@ m‘amm paut e:ef dixt watem remeinainehé 1Rl phase and are
dlg e!iﬁgderﬁvg |sobut ane, n-butane, 1-butene and

enes” Tsobi and water are reacted in the

reactlve zone of the colum to form TBA, which fl ows

as hi boiler to the bottom of the colum. The ot her
Waema 4thyémcgrbgn RS g raffipate dois metd ascfaed, thé Chhftc&ocarbons present

in 48 BheottBE Lorbel ORI roB0lans ook, L-eisop Jorutease. Iobutene
and(ﬂ/amﬂare h’éhcieﬁfinltﬁ@ ?éacﬁ?esﬁ‘onetJthéTb?(ﬂlﬂlhecosfSHﬁ AR flows as high

at the top of the reactive distillation co
boglghtoatha dotlem@f the eeluminl Fheothes cinstiemests of Ghd iZeatrtf)pdﬂthﬁit react with

varl m xture obtained_ at the top of
W"{%% %gf e 153 WPs?PHﬁ‘QP? 8’%kj &5 %ﬁﬁﬂmﬁ&fg@ﬁaﬁ%t‘é@omamn&weotmpe at
théppePe dhgme and an organi ¢ phase and the aqueous
phase is returned to the reactive distillation
colum. 25 This process varl ant has t he advant age t hat
reaction is | circul ated and the

the. f
n 65 ol ot HeXtE, Spprat Of At OF e seagtivy dishiflation column

coﬁﬁ%ﬂb%refm\ﬁﬁyﬁaisob{lteggy red, part of the organic
distillate phase or part of the total distillate can

be recirculated to

In a further process variant, the mixture obtained at the top of the reactive distillation column
is separated into an aqueous phase and an organic phase and the aqueous phase is returned to

the reactive distillation column.

This process variant has the advantage that the water of reaction is largely circulated and the

product from the top of the column contains only small amounts of water.

If desired, part of the organic distillate phase or part of the total distillate can be recirculated to

the reactive distillation column.
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the reactive distillation colum. 30 O Z. 6147 9 The
O£4iueul ation of the aqueous distillate phase can take
pl ace above and/or below the reaction zone, while the
organic distillate phase can be recircul ated to above
the reaction zone. The reactiVe distillation colum
contains the catalyst in the enrichnent section, and
separation 5 trays or distillation packing arel/is

- The essirlatibowe thecagnebesdishitate 35]-@&6’%511 RaKeKpRAE: aBRR and/or below the

cat al yst {] ither integrated into packing, for
reg oBe lzﬁr\ﬁlﬁ Crganycehstylatephase ean bacgtiafdatéd Jo abpEPHS reaction zone.
396 650) or MultiPak(r)(Utility Model No. 298 7

007.3), or polynerized onto shaped bodies (US 5 244
TBEctiverdiftidlacion eolusmTioninstiRe BRANE if MeAlntichi Rag LAd i
havi ng a high catalyst content, Is}e. g. Kat apal%- gt?ld% and separation

trggps or shistilietion prekingoarsfie prestny abees aphikel®P the catdlgst Paeking, The catalyst
-t r ' ,still,atiop _enconpasses .al ly process
lsegfgﬂlggﬁ ezl?‘ig g%éraregtgéf @%q(iu}g’ V\Eﬂrc [argr'E ?Q%Faﬁ?xgn (BRQ 428 265), KataPak®
(BPeRB26 650) asreMuiFakBATtai) Modl NGRS 3) '

reactors )descri bed, @{ hiu_g i s ac(ﬁi evgﬁb%}yg’)é%g?me&z%dr onto shaped
b@b‘ﬁfw &4 S oPreferenqgsas igivey to rusingomalyeic: pdchinightiving a high catalyst

iIyvent .o it s .al ossible to
coBiE B Kb P S Bl exal Py e BRI W g he
advantages 15 of a reactive distillation. In one
process variant, the reactive distillation colum is
Theo trrmg dpastiva sdistillation  ¢ncampasses allu procepr enginetingi ibasaf® in which
: | reactors jn . whjch the catalyst is . o
AR ISBBH oA s R Rt By 18WhE abicioms Sleserbed, his s
acRidvél by & ppichlap cohfigiraainaby gle inf2Cin ﬂjglup i
. external reactors (11), as shown In ngfcg . fiﬁ tﬂ%mr%cess of the
mygppon4t lsa"ﬂghlifosalbiﬁmtsegﬂi‘atc theat Z@Of?ﬁyﬁaﬁlmﬂll X f(jﬂﬂ nginég 5the advantages
vSh: epl acenent is considerably sinplified.
Ofﬁgéa%h%%?ishg%‘%\ri ant, the reactive distillation colum
is configured as a distillation colum provided with
one or nore catal yst-containing reactors integrated

Injope pracess vhrient, [thetdactivesdistiliation coldemreis dnfigred Raatdifllation column
i ntegrated reactors

atal yst can be installed in, (
P“?‘? ,V"i@"ﬁ%%&ﬂ"{eﬁxa‘rfv GFagtoss lwﬂlic thecfatalysd ispaessniandghrough which
asbmnqgfy%eg&nrpgggg.i on stage is, for exanple, a catalyst
bed

All or part of the catalyst can be installed in external reactors (11), as shown in Figure 2. In
this way, a larger amount of catalyst can be used and catalyst replacement is considerably

simplified.

In a further variant, the reactive distillation column is configured as a distillation column

provided with one or more catalyst-containing reactors integrated into the distillation section.

Here, all or part of the catalyst can be installed in integrated reactors (12), as shown in
Figure 3. An integrated reactor or integrated reaction stage is, for example, a catalyst bed
through which only liquid phase flows and which thus makes intensive feed/catalyst contact

possible. In terms of construction, this can be realized, for example, as in the Catacol process
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30 through which only liquid phase flows and which
dhusigrakes intensive feed/ catal yst contact possible.
In terms of construction, this can be realized, for
exanple, as in the Catacol process O Z 6147 10 of
I|FP US 5,776,320 or as a cataly%t bed i n downconers of
a distillation tray. A larger anount of catalyst can

| i kewi se be used in this way. As actual catalyst, a
oS Bl USWi761320 9 apbk althlystrieidtih @ownBorhé€ of £BREIRAGHHA,. AOhrger amount
LN Hh@ Qégguci 5 m xture and has acid centers on’its
Ogﬁ¥?¥ &4 GReyaseibs wsed dm hisWakes of the process. Under
the reaction conditions, the catalyst nust rel ease no
aci di c substances into the product m xture, because

As icahvosthlyst, aaglilowhiol S Solubleyhdher in B REA nvikfuYe Rbr in the product
the catal ysts has to be such that under the reaction

WEHHES 3 ackbseniass gn ytscsurfaee isTyped dulbothosiages ofidheprocess. Under the
Q] rel he addition.onto |inear .
AN, TR e MEnBPhERY P\ 86 Sl SRS tinces oo product mixure,

barats thisevduldlead tlonRs iwpikigon of ol efins. A group of
acidic catal ysts which can be used in the process of
the invention consists of solid ion-exchange resins

i RN -

resins: are,

adslitidnoofatatarond isphasaed hiabdRbyge 09Ra8 Bﬁ@tlﬁapﬁutfﬁes.lﬁ}rmermore, they
coogl i or]Frs of .aromatic vinyl conpounds. Exanples o
mkﬁtg’ﬁ%ﬁ%r»é gtiafyfatalprpbe pligomesizatipn obalefimy t he :

' : : ene, vinyltol uene, . . . .
A%?cﬂlﬁ %g{)&ﬁ{xﬁgeﬁﬁelﬁset? é\{l/llynyqaxeltbﬁﬁs . the gfoc.e%fﬁ}g,q mventigneconsists of solid
ionienytianbe aesibe haeing, sulfonsd xyide uﬁﬂ%@i‘téﬂl&"%@@ﬂﬁx@%ﬁe rdsths are, for

paril cular, the cooligoners forired by reaction
e e rfc WiHChiiage pyapeeedz by sulfomationedf phenpl/elduliysler cdndensates or of
e .on of .i on-exchange resins, having .
ccbliforRs COLRRHEP oy SRBSRITT R G sehngte vt sompounds for
rEfring othe PRONESEE 206: § €y Clifll
P resins of t hge&rslt yr ene-tg!igl\}ié’wﬁg[gor@éé%’e v% pgsﬂgé%ngo%gﬂ’d%ﬂnylbenzene,
methylstyseaan | wnylehlorebenzine, f witlybuileng tndddivingiteszenbl dhi perticular, the
' 26, Anmberl|yst 15, A riyst 35,
coifanr il Sy RacRRS ok wish o eRvlbsm=bts v ahed pe prpgsor for the

tioh@yabrl-txchBRe & ' | G be i
e S il B g b e
mITEPROTUS frofdprestionige typer Seonglneedic psinosf thy ,s@&ér&b&iﬁglylbcnzene type

4 ok . shrinka and exchange capacity, can be .
=388 47 Srantis S8 o o toer Rebie, 20k BRagd 26, Amberlys
15/ Asibrelyerads, RenbigRE IRD120) Ahbdif-0500 mﬁeggog %%&Sﬁ?sﬁé 118, Lewatit

the invention. Preference is giveh to
SPhal18o howaitdK 3634 heyatit 268 drgwasit Kewait.i t SCP 118,
Lewatit SCP

The properties of these resins, in particular specific surface area, porosity, stability, swelling

or shrinkage and exchange capacity, can be varied via the production process.

The ion-exchange resins can be used in their H form in the process of the invention.
Preference is given to using macroporous resins, for example Lewatit SCP 118, Lewatit SCP
108, Amberlyst 15 or Amberlyst 35, Lewatit K2621, Lewatit K2629, Lewatit K2431. The pore
volume is from 0.3 to 0.9 ml/g, in particular from 0.5 to 0.9 ml/g. The particle size of the resin
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30 108, Anmberlyst 15 or Anberlyst 35, Lewatit K2621,
olevakyt K2629, Lewatit K2431. The pore volunme is from
0.3to 0.9 mug, in particular fromO0.5 to 0.9 m/qg.
The particle size of the resin O Z 6147 11 is from
0.3 Mmto 1.5 nMm in particula‘r1 from0.5 Mmto 1.0 nm
The particle size distribution can be relatively
. harrow or broad. Thus, for exanple, it is possible to
isdnan P Grmmpie  Snye, irepartisulahfromriys mny ey Y0 with THeParticle size distribution
caglfa}jretrl @Lg si ze ‘%H‘Dﬁodl sperse resins), The acid capacity _
T REIYel, nartowon broads Ths, Terexamplen ittin Bossthlertosusg pon-exthange resins
ha¥i [l Barti.c 1.1-2.0.eq/ ke 5 The . .
siergga?a‘ﬁr%r]fﬁ gé/&%iﬁs??t fcf?f‘gﬁeoﬁﬁ%dgs Rérs‘%égséﬁsﬁ'v € a(:l({]capacnty of the ion
exchartgessi is,dpbaion the famy supglied)t0. v 2.0 ehheindhdicfar 1.1-2.0 eq/l.
internals conprising trays, rotating internals, random
packi ng and/or ordered packing. In the case of colum
THd Qéb%ratﬁaﬂlebé;]; mg&lﬁé\ql(ﬁg it} YRE ?tﬁag{x?? géc%gil'cgteoél_o is C?Hi%}ut with the aid of

havi'ng ho Its in

 inteanalaprmpeisiy teays,abiating yisteiBlis ClAnddi pEONRE A/EDordiBPbSking.
y

caps or hoods. - trays having holes covered b
novabl e valves in the tray plate. - trays having

In j ol ums _havi ng rotating

F%%rs %gfé%lﬁﬂ?ﬁguﬁ;ﬁga%ﬁo#glgé?’??ﬂe %SS ayed by neans of

- 1 tysthanng HolesekKts o thesrayipi/ad as a fil mover a heated
tube wall by neans of a rotor. Colums used in the

- pF%ﬂm&nﬂ% TiCRIFERYP gticheaie eavered by bubbleabsior aeds. of

- V&L : ' C e e of
PP CRver ) B e Ly P B8y BBR o st el
- cgpdnayingapdudal stru@@rest onewar e, porcel ain, gl ass,
pl astics, etc., and have various shapes, e.g. spheres,
rings having snooth or profiled surfaces, rings with
Injcotwmnsahaviny witstigy imaaskoat FAbIIR &iflRr Wakdyed Wy Beans of rotating
mesh .rings, saddles and sglrals. Packi ng having a
gl

T3% SRS rilneqier & bapied sbe Wablrbyaneans ofa rotet. al
sheets or nmeshes. 25 Exanples of packing of this type
or plastic,

e sh packi ng.BX pade of netal ) )
Coftfns el 1 B Phbe B3 ot e i alois GanComin svelaschits 9 various packing
eleficgts: URdy @h R RERIe REGIrhAN lﬁi‘ﬂerﬁg A

struct ur}{ed packi r?g from %lﬁfizer ( ’?‘l%?%tg‘\% , erHsls%t%el, copper, carbon,
stopeswpy, paveelainhgless, plstitso pik Jand davd heious ahdpeyce.g. spheres, rings having

reetification.colum in which isobutene is reacted and
sm}p§t§ rﬁr \Hﬁ?c@ﬁ& gurﬁ'agﬁ, F1ngs, with internal struts or passages through the wall, wire mesh

rings, saddles and spirals.

Packing having a regular geometry can comprise, for example, metal sheets or meshes.

Examples of packing of this type are Sulzer mesh packing BX made of metal or plastic, Sulzer
lamellar packing Mellapak made of sheet metal, high-performance packings such as
MellapakPlus, structured packing from Sulzer (Optiflow), Montz (BSH) and Kiihni
(Rombopak).

The reactive rectification column in which isobutene is reacted and from which a TBA-rich
stream is taken off as bottom product has from 2 to 60 theoretical plates, in particular from 3
to 50 theoretical plates. Of these, from 5 to 58 theoretical plates are located in the stripping
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streamis taken off as bottom product has from2 to 60
OlFecer4tical plates, in particular from3 to 50

theoretical plates. O these, from5 to 58 theoretical

plates are located in the Stl‘l@gl ng O Z 6147 12

section, from2 to 55 theoreti pl ates are | ocated

in the reaction zone and fromO to 20 theoretical

plates are located in the enrichnment section above the

spesiost fiom 20065 theeretiealoplatpe sird lowatetl sinkthé @wictie zone and from 0 to 20

RGP Blel e doreb i 2 corlbmeBinioch s abph hesseqmtion zone. The feed
poFIEbAtd Eﬂo@ﬁ%ﬁ%@ve%gfgﬁ%a@é%ﬁ{lﬁfergﬂ éd' bk QR e are preferably introduced

col um, neasured at e co
at the 3@mb gosition.n particul ar from 4 to 12 bara The
reflux ratio is in the range fromO0.5 to 40, in
particular in the range fromO0.9 to 20. 10 The
et her h

T\‘l}é?{é?ﬁgﬁ%ﬂfgﬁlﬁg ﬂg ﬁe’i‘&#@%\e ‘&ﬁﬁll?t? n O(iilll £3s meg af h)é: top of the column,
igfrerhi3rto 38rbara; aapamclﬂar mhal 1y SQ%aﬁSTﬂe fﬁfﬁxtrﬂ?o R Ehe R from 0.5 to

s.inth ctive distillation colum.
ﬁt‘glpﬁlﬁicﬁg‘r'ip s&eedtem Q.93p@Perabl y carri ed out in 2,

3, 4 or 5 stages. This forns a m xture of TBA, vvater,
i sobut ene and ot her hydrocarbons. 15 The process of
Thé daydmemmofee«t anixingre Cahl be ded Ubgdfitdr NWith WALPYRA e{ﬁ#’i%nally TBA as
‘ﬂ] b m xture saturated with water, or

i ?%d@ﬁ’e%‘ﬁ Pref lpalfyereaqtprst Ratapsiscused aresﬂ@aaameemes at in the reactive
distilldteR (ﬁ)th.ﬂ:ﬁl ¥ Ifﬂh% iR ARRE acﬁ ?%t %%%é&%{:é?‘l%ﬁ ﬁ ut 1 g,nB %ors stages.

reactive o [1 0N €O
This rf@mswnbmuemmmwrpﬁommm @ otheg hiyebathemne still

20 present can be present in the feed to the reactive

distillation colum. If too little water is present in

Th B8R A B ol b AR AR . o v

sa@uhindmﬁh‘ﬁ#ﬁezpbﬂ@h&&o@éndoh@mlwt' on produces a
distillate which preferably contains | ess than 700 ppm

25 by mass, in particular |less than 450 ppm by nass,

ti.C s than 400 m b ) i
s ot e Pl L b 1
dibtiltation keelukad) f iibteewhter thaR iPédi8aned fd:Rbmplay gﬁ&lon of th? 158butene still

sel ecti ve hydrogenation. This m xture can e separate
PIRSFOEiFal be PRSERnin thatised 4o thet reaetiveldibiiliation ahuinm If too little water is

Bt e 8055 0 o L 205 L0 LECPMANS e e o e

reactive distillation column,

The process of the invention produces a distillate which preferably contains less than 700 ppm
by mass, in particular less than 450 ppm by mass, very particularly preferably less than
400 ppm by mass, of isobutene. Traces of butadiene can be removed from the raffinate II
obtained in this way by selective hydrogenation. This mixture can be separated by distillation
into-isobutane, 1-butene and a mixture of 2-butenes and n-butane or into isobutane and a

mixture of linear butenes and n-butane.
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30 O Z 6147 13 In the work-up of a distillate

ocerarni ng | ess than 450 ppm by mass of isobutene, it

I's possible to obtain a 1-butene containing |ess than

1000 ppm by mass of isobutene, which is a sought-

after intermediate. It is used?3 for exanpl e, as

conononer in the preparation of polyethylene (LLDPE

or HDPE) and of ethyl ene-propyl ene copolynmers. It is
Ingthe wodsupl 068 distikyteabitainimglen tha 480 PpiHyansk 3F fsbBtene, it is possible

; gt'%tteri a]l/ for the preparation of 2-butanol, butene
osbiR 2 Lhytenes 8 les thagy 1000 ppug by ofass heisobuteneaihjch is a sought-

; ’ i fi d di to th
o SRR 105 RO A Enbl, SRS R GRS et
(LLR¥aot HDIEY and pf tthglcteppdpyline ¢epelymbR. 1€ also used as alkylating agent

ydrocarbons renmining after the |inear butenes have
aMGds A SeEpg miiedaldpr the praparsior ef Byputanch bieonotide matdnddehyde.
raffinate Il can, if desired, be hydrogenated (CSP)
and worked up to give isobutane and n-butane. The
A Barttlico nis@ 60 the GlirtwalifTis dhaiteng-feBAaf i | ; on i
such as C8-ol efi ngﬁ_can be used ﬂﬁ?{gqglprﬁg%te{i?g%rﬁ%lﬁg% tvention is
the, grepamafion, af) nimigngaligpmaseint nadimlabydhe QcbBprocass. be
prepared therefrom by known nethods. Low water TBA
grades can be used as fuel conponents. The advant age

Thef hytdbeaiions esfaifingtdfier tHRVIRtat Bitehss fRBtbedn Bltited off or removed by
conversion of isobutene conpared to conventiona

Teagiign diore shecraffingie Hedoneifedesined, fhoutydiagenated €GSR)oand worked up to give

isobBtEE ] necessary. 20 This is made possible
' onrygggdpﬁiél'é]&glghbi ned material separation and reaction

in the reactive rectification. The foll ow ng exanpl es

illustrate the invention without restricting its
The hofem gperlugt compaising JEA, water ansl bigh boilersisoch 2n@s-blefins can be used

: ' es:rhkhe raffipate stre used for
iyl Se?}“é%‘%?d Ry Y B PR or oy %g]%e%egr@%ed therefrom
by kaow tnfileods 2L SWowasdt T8BBEaa8LcandR BU aLruBlRonbeb S +
trans): 14.2%
The advantage of the process of the invention is that a high conversion of isobutene compared
to conventional processes can be achieved without large reactor volumes being necessary.
This is made possible only by the combined material separation and reaction in the reactive

rectification.

The following examples illustrate the invention without restricting its scope, which is defined

by the description and the claims.

Examples:

The raffinate stream used for the experiments had the composition:

n-Butane: 8.2%
Isobutane: 23%
1-Butene: 29.8%

2-Butene (cis + trans): 14.2%
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O Z. 6147 14 |sobutene: 45.5% The isobutene content
Oof giae raffinate is typically in the range from35 to
55% Exanple 1 (according to the invention) 5 The
preparation of tert-butanol was carried out in a plant
configured as shown in Figure I wth firstly only
reactive distillation being examined in the interests
of sinplicity. The dianmeter of the reactive
Ispbétend:i cati on col uri$.3%s 80 nm In the |lower part of
ato bubpl e cap trays were
The BpBfedk Phniend OL 7 FiGins G pRnlip rge Swee Aom 17 558hd
above this was the reactive part of the colum (6),
whi ch was equi pped over a height of 3000 mm 10 with
Examplsakagtvrdngtoaire ibwention)n Sul zer. The feed was
t roduced hel owthcg reaction section of the colum

Thi, BEBEHERS OB o PIERa R ir o Plash confeted a5 shown in Figure 1,
with ‘i’i‘r§tl red@hve'di fll"aﬁmelﬁg %:;Dtﬂgd Ettg\g fhg%rié'{s of SithpliCity.

the follow ng ta e corres
Tlﬁtedxamnteagﬁmeaeaenbg/recnﬁsmonﬂbﬁmﬁﬁ{vaé 8@%&@@1&!%&@ part of the column,

| 5. Th t f catalyst int

1§ BRerrs bbbl oy %@é’%yls%p&@e%?snﬁaé?q seipping stssion (7), and above
L /

AL e ot £ PATLHER ol (EEBRR! o€ Povibiil oPer adsigy of 3000 mm

with  Klframeik-SIBA2 fﬂerﬁ%t@fﬁ'mtSiﬂzeﬁ?hé%élf Wa@ﬁh@é{ﬂceﬁeb@v the reaction
Fesgﬁtggézo 0.05 9 Distillate 2.2 403 ppm by mass of

septioz umnmapdgongisted of goerepgtash mipxawre d@n add@gional water stream
(4??1‘1{&8%3%?9 Jie] of?(]el? g; 6fo%6$v‘i’1§g %ieeéorre%gm%%oolfﬁg&%ﬁ.OPercentages are by
mass. The catalyst used was Amberlyst 35. The proportion of catalyst in the reactive zone was
25% by volume. |
Stream number | Nature of stream Mass flow Composition
[kg/hj
5 Output from 5.5 5.9% of isobutene
preliminary reactor 49.1% of TBA

5.5% of water

39.5% of residual Cy
4 Fresh water 0.05
9 Distillate 22 403 ppm by mass of isobutene

1.0% of water

99.0% of residual C,4
10 Bottom product 3.35 6.8% of water

93.0% of TBA

0.1% of Cg (high boilers)

The pressure in the reactive rectification column was 7 bar. The reflux ratio was 15.
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The pressure in the reactive rectification colum was
OZsa87 The reflux ratio was 15. O Z. 6147 15 Exanple

2 (according to the invention) The preparation of

tert-butanol was carried out H% a plant configured

entirely as shown in 5 Figure ™. As prelimnary

reactors, used was nade of 3 |aboratory reactors

cont ai ni ng Anberlyst 35. The reaction water was added

in stages. The first reactor had a catal yst vol une of

11 and was operated with an external circulation of

3.0 kg/h at an inlet tenperature of 60C. The fresh
Exshple?o(acedrdinad thd inveatiod f1 ow of 1 kg/h, and the

amngn?a%f process wat er vvg)s 0.08 kg/h (2). 10 The
Theprsnaratiom of tart-butvesli wes parded ovhimbydantwohfipeedfenfifly as shown in
Fig’ﬂx% was operated in a single pass at an inlet

enpérature of 55C. The anmount of process water for
Al PRUERSNE:aES WS i
R el ol Mg hero o klb pmpertys 35, The
repgiion witpywes pddssl inastages. The Ersttreanpmr ldua eataliystSalumd € 11 and was

. Of ) f hird
R S5 e 5 oy e . e e
el ot )l k4 Sl el 051

Thei seeond rgactonlikewise hadoalcatslystrobmdief T asd oas opésted in a single pass at

firnstly collected. and.then used as feed streamto the
anc%ﬁl%trﬁ%?ﬁpﬁ?guﬁiogngs( g:r TR L cPROGEsS rwales £orc Hei spgond reactor was
0.03k eBneSBlirdRactd? Hall@ ch i s

I ab%?gdgfih bugbl eacc ap tr gy@%\/\g‘r@ﬁ%g? f'Iclll Hgtgwgés)l)ﬂ&ﬁed u%z?smgle pass
at cAnsitdat | tamperatuse 1off 5P 6 g The ciniamt (oF )process! valaveor th@@hird reactor was

0. 'Sksgélhwfﬁsoa;ﬁge é@gs%treggﬁgﬁ%&rﬁm g\tas%gg‘@cf#gg;rt q% %@t@mg ;g% glgaﬁrst reactor.
Tolabtin QTERIcht bfoAtk Sk 4Ry mbgﬁgexgtgﬁ%%gﬁg%gﬂ% é%%H&f%Od’g g}:aeoygactors was

the reaction” section of t nsi's
firgityeeadlacted andrihen usesl dsTpedttchmutd tarcohdai t i onal wat er
stream (4). The stream nunbers in the follow ng table
correspond to Figure 1. Percentages are by mass. The
THe &l el LRk pprtion of
cﬁﬁﬁo in t ‘\émr%eact | v{elé@%%lgém \%aogﬁj%s&%ﬁ?%ﬁrl?ﬁg.(’fme column,
15Qeiratotyl Fulibbe c4t treysnwererinstillciNat distdiive StrippaiB Mafisn (7), and above

f1 ow Conposi tion .[kg/hj :
this was the reackive part of !he%onljmn (6), which was equipped over a height of 3000 mm

with Katapak-SP 12 elements from Sulzer. The feed was introduced below the reaction
section of the column and consisted of prereacted mixture (5) without an additional water
stream (4). The stream numbers in the following table correspond to Figure 1. Percentages are
by mass. The catalyst used was Amberlyst 35. The proportion of catalyst in the reactive zone

was 25% by volume.




feed 1.0 45.5% of isobutene 54.5%
oF. g1agi dual C4 2 Process water 0.34 49.3% of TBA

50. 7% of water 4 Additional water for O colum 5
Feed to colum 5.0 collected 51 % of i sobutene
product from 48. 7% of TBA the*third 3.8% of water
reactor 40.5% of residual C4 1.4% of other conponents
9 Distillate 2.04 343 ppm by nass of isobutene 1.0%
of vvater 98 9% of residual C4 10 Bottom product 2.96

5 Qs 9o2%ef—FBA-2-0% of of-her conpanents

? s i ampes 530} o5 (| MaS Ho¥he r Haempesition

1 Fresh raffmate |

ui-EJE’

@lugf oﬁiﬂbéeam essu

rnr‘flfl catlion col um was 7 bBg/hit he r gfl ux ratio was
115. 5 Exafpisk raffipgteiendi gdi) The pr ep#s. s%ioFisoBlitenc

tert-butarnol was carried qut in a pl a4 ognkir@ihedcas
2shown in FPgddess vkatetinder tbe_;,4c?ntd|ht| o 5, Olf_)f%r It:red

L S ””°dti;il the-reacth PO LASERAR The
4conversi on_ach t}oé‘a/t" 8rer as cah be seen fro_m
EHBmE, nnnnnfraj_lrmq|nth9d§ti||ate (9) in

t ha_icahiit

TTCT1r—"9Ooioot

Mass fl ow
separ at ed

Beqdow colanms; 1 eaf

Concentrati on of
off 5 Qutput frg

rd Auntretledted

ptodectc o fipan
Dthe5. 1 54924

LY. &0 af issbutensn
7% of TBA be
8% 2P tepne

y reactor 49. 1% ghctdBA

prelim nar 40.5% of residual C,

1.4% of other components

Distillate 2.04 343 ppm by mass of isobutene
1.0% of water

98.9% of residual C,

10

Bottom product 2.96

2.8% of water
95.2% of TBA
2.0% of other components (high

boilers)

The pressure in the reactive rectification column was 7 bar, the reflux ratio was 15.

Example 3 (comparison)

The preparation of tert-butanol was carried out in a plant configured as shown in Figure 1
under the conditions of Example, except that the introduction of the water was altered and was
carried out above the reaction section. The conversion achieved was poorer, as can be seen

from the isobutene concentrations in the distillate (9) in the table below.

Stream number | Nature of stream Mass flow Concentration of the component to
[kg/h] be separated off
5 Output from 5.1 5.9% of isobutene
preliminary reactor 49.1% of TBA
5.5% of water
39.5% of residual C,
4 Fresh water 0.5




5. 5% of water
O0X2146147 17 9 Distillate 2.05 0. 9% of

resi dual
ﬁ 93. 0% of TBA 0. 1% of
F’; The exanpl es

(9000 ppm

Bott om product 3.1 6.9% of wat
ot her conponents (high
denonstrate that a hi gher conversion of
thus a distillate having a

39. 5% of

1.1% of water

resi dual

boi | er

C4 4

98. 0% of

| ower

Fresh water 0.5
i sobut ene
c4 10

i sobut ene and

i sobut ene cont ent

—are obtained in the process of the invention in which

Yboth the |Distdisbut ene- cont|@i0S ng st r e pOBHNT isubyitenB(FI00 ppm)
are fed in bel ow the reactfi ve zone thig An a

conventional process. O Z.| 6147 Repla érf’é?ftwaé‘ﬁge 18
Clainms: 1. A process for pgreparing te éé%%fp%hﬁﬂ% by
reacting an i sohutene-contlai ni ng C4- hydrocarbon_ ~*

1@t r eam wi t|Boftamgrrodnotr a 48l1i d aci di c|&8%ajfyaker 5
characterijzed in that the|i sobutene-cpntainin
C4- hydrocdrbon stream and [wat er are r&c9%@f i
addition af TBA in one or nore react d..t he .
mxture ofjtained is fed idto a reacti J:He{%l ?fioﬂ}egtqog}ponents (high
col umm belljow the reaction|zone. 10 2.|bbgrspr ocess as
etai-red—r—clai-ml—characterized inlthat an

i sobut ene-cont ai ni ng C4- hydrocar bon stream water and

ThEElantPilsAtHondr-fe hifHa ihfghgr ERfversion of isobutene and thus a distillate having a

lower isobutene content are obtained in the process of the invention in which both the

isobutene-containing stream and any water are fed in below the reactive zone than in a

conventional process.
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reactive distillation colum. 15 3. The process as
ocZa;ilrfmd inclaiml or 2, characterized in that an
RES g&yﬁeg]@g? ont ai ni ng C4-hydrocarbon streamis firstly
reacte h water over an acjidic solid catalyst to a
conversion of isobutene into t&rt-butanol of from65
to 97% and the m xture obtained in this way is fed
into the reactive distillation colum. 20 4. The
£ss as clainmed in any of clains 1 to 3,
characterized in that a C4-hydrocarbon stream havi ng
an i sobutene content of less than 700 ppm by nmass is
t.akenmredels a 0 ve, d | ation
col u?n 25 for ?Eeg%g?octee J}g %I |+r$§g¢%g o crolyighe-containing
1 @nh)ﬂfocaebm%mmw'anenovdmtsoh@ acitfiodatalyt,0bt ai ned at

{) Irlgareactlve distillation colum is

secglﬂaﬁ e@ th L aqueous phase and an organi ¢ phase

anfle 408 @H&@S’M&nﬂ%ﬁé ned active, 3 "
distillation col Fh*%ﬂﬁ%&gh nj(- ?n& %%? eaéel 4Ed vitth addition of
RefBAdewaaor srtmteamr/s @nd ﬂtﬁmﬁft@@&ﬁﬁmﬁ@i i3l fed MR al Bacl¥ distillation

of Ialgg ﬁlg characterized in that the reactive
d|°§ Py Wﬁﬁﬂﬂ‘i‘q‘@econfl gured as a distillation

colum provided with one or nore external reactors in
V\,hl ch the catalyst is present and through which a
élalsrpdmeysaﬂ:'ﬁla;meémlpmws 7. The process as cl ai ned

of .cl ne 1 to 5, characterized in that
chara terized in that

an 1sobutene-containing Cy-hydrocarbon stream, water and tert-butanol are fed into the

reactive distillation column.

3. The process as claimed in claim 1 or 2,
characterized in that
an isobutene-containing C,-hydrocarbon stream is firstly reacted with water over an
acidic solid catalyst to a conversion of isobutene into tert-butanol of from 65 to 97% and

the mixture obtained in this way is fed into the reactive distillation column.

4. The process as claimed in any of claims 1 to 3,
characterized in that
a C4-hydrocarbon stream having an isobutene content of less than 700 ppm by mass is

taken off at the top of the reactive distillation column.

5. The process as claimed in any of claims 1 to 4,

characterized in that
the mixture obtained at the top of the reactive distillation column is separated into an

aqueous phase and an organic phase and the aqueous phase is returned to the reactive

distillation column.

AMENDED SHEET




the reactive distillation colum is configured as a
Odr. iyl ati on col um provided with one 10 or nore

5 taining reactors integrated into the
Rg'ﬁéti gﬁ&gﬂ section. 8. The process as clainmed in any

of claims | to 7, characterized in that a honopgeneous
m xture saturated with water is fed into the reactive
distillation colum. 15 9. The process as clained in
@nYhediroedsa phelaimadin apy of tlainzsct ®rd,zed in that a

he eneous,m xture is fed into the reactive _
digsh?ﬁ%%gtzﬁgﬂltg%ﬁ um. 20 10. The process as claimed in

a b UG HidnOchums 9k lzed, bRl ddiGun provided wi

i gg%ﬁ%agne- giogﬁilai ni ng m?hy%irﬁog?gércﬁ%n g{gtrlféam Tan Prgvided with one

arts Mmesd ixteradl refictdre mewhichche tatalysiris phsentemdtthroggh which a secondary

di %ti Il ati on col untmm. AVMENDED SHEET
5 sfream passes.

7. The process as claimed in any of claims 1 to 5,
characterized in that
the reactive distillation column is configured as a distillation column provided with one

10 or more catalyst-containing reactors integrated into the distillation section.

8. The process as claimed in any of claims I to 7,
characterized in that
a homogeneous mixture saturated with water is fed into the reactive distillation column,
15
9. The process as claimed in any of claims 1 to 7,
characterized in that

a heterogeneous mixture is fed into the reactive distillation column.

20 10. The process as claimed in any of claims 1 to 9,
characterized in that
the isobutene-containing Cy-hydrocarbon stream and water are fed in at different points

on the reactive distillation column.

AMENDED SHEET




