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O Z 6147 1 Process for preparing tert-butanol by
Oieéiw7 of reactive rectification The invention rel ates

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
1)s.olv nt and as |ntetrrred| ate for the prepat[at|on of

preparatl on of per oxi des such as peroxyket al s,
peresters or dial kyl peroxides having at |east one

Theeinvérioy rélatey to b Pragyessufor prepasiey @ErHOAHN STBA Bfrogetotagene-containing
oxidants and_as initiators for free-radical reactions,

mpxgyres with the aad of a Fqagtipsotegtesationt i on or crosslinking of
polyners. As an internediate, tert-butanol is used
for isolating pure isobutene fromisobutene m xtures.

teftButdiel (TBA) isiah ilnpoRanteRdBHal a@fodub&l produsitan@is @&ed as solvent and as
tertiary butyl groups. Its alkali metal salts are

inteptperigfe Bersthe prpptation of methyl Wﬁ@cr}’ilaﬂie dtama myeurneSersthe peparation of

SN N R T SR R —

grogy. %eﬁ@édm&uﬁmls aRelisRd 128 @xidRHE nRRGRBISRSs AIrarddSH@balVeactions, for
carried out in the liquid phase and can be divided

exampls alofn pelymeszativn g5 coselinkerg ofpalyrnens. Ahen ingeroteidite, tert-butanol is
an ag

wRE T Syl RurOUBRHSre EORTHBLCRRIHMGR, Bifuhor. it is o reagent for

infEédiRtiys bSteydirg Bu% Srougd Iis %ﬁ&ll%’étﬁ dafts hld&troB8&B6Ade® Which are employed
phase are used mogeneous catal ytic processes enpl oy

ingngny gynthesgei d, het er opol yaci ds, p-tol uenesul f oni c
acid or other strong acids as catal ysts. These
hi gh-activity catalysts usually forma honbgeneous
TBA %ﬁb%ﬁe&iaﬂeh %yr&?&fubﬁ Bf %'b&gt%é or 1? Bblalil ak Q?pr%ﬁﬁ&liﬁl fife epoxidation
cannot be renoved by 25 nmechanical neans. It the
oftodefinis assipgert-dntll pemxideoSatheptodassam arhiesuatincbiried out in the liquid phase
ol ution . distillation, the yield is reduced by
a“aaf@%tbg &Ylg&mé‘h §VQ BEOUPE ar}ﬁ’F‘?CG?FCBFn Cp}i’r@ﬁ geacgon ?ﬁ‘"élrs in an aqueous
E@&lh%h Qhd by RAMLERROLO i)
Cagly}g of solid, gc%%%{og cgt alcys?m: &ﬁ{ ﬁgyg?g;ﬂgcgvgggpe&&?ym which are
mm‘tﬂhmthemabhmp]naeafmemat erials nor in the products
has the advantage that the 30 reaction mxture is
acid-free and can be worked up to obtain tert-butanol

HhéASus! QRS E‘@ceﬁs%ﬁ_h %}Z g@‘f‘ﬁrﬁ:t ha8, Rl %)ngémds p-toluenesulfonic

Secondary re Ctl ons I on occurs a
acBlrok actheofstrohg avadsalay statalysts. These high-activity catalysts usually form a

homogeneous phase with the reaction product, so that the catalyst cannot be 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 surface 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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For a reaction to take place, both reactants nust be
opresent at the active site on the catalyst at O Z
6147 2 the sanme tine. This is made difficult by water
and i sobutene or an isobutene-gontaining hydrocarbon
m xture not being mscible with one another. To obtain
acceptabl e conversions, wuse is frequently made of

solvents which make it possible to obtain a
thﬁ SABgHBOUSDIA ik tiads Gfficuliabi Waierdanchsobuiertivene ipeaikne-containing

bes
iRt e el ARSUHIE VAR St T BB S pomversions
usb sohetirAty Biadebf o3 @i WHSh GeHkE ﬁUsﬁBleb{M dbRGEAS B&Hogeneous mixture of
m xture. tert-Butanol and nethyl tert- butyl ether are

wapt andribelispbigfendiéed mixtpreoduct s. A di sadvantage of this
process is that the solvent has to be separated off
again fromthe desired product in an addition

DE8D31 0D ARsdHYel, B ¢his pRrpbierR Q§eot fﬁ@fﬁﬁﬁol%‘g @bfv’eﬁp’@éth for water and
apparatus costs and operating costs. in

fomlisophitané or emispbuiehe-contginiy lmairocmgbdnr mmtdret mrtGB\n:tamcﬂmmd methyl tert-

are sed as . solvents oth star
b“%é}t g‘fef a1 obt; 3 ttog?tp?raﬁs;}’f‘b‘{ﬂ‘% ipadyantage ?ftﬁh‘é STFEPY that the solvent
ha8t6 HeOdepRfdtedSoffYapainl Q&Hcﬂé deg-lil&fsg oiaﬁé’te nl fh Q@dltdon s?ﬁ)e:drraetlon unit and

hydrol yzed to tert-butanol and car oxy I C acl

the¢refore incuissidditibbaldippardinacbstg end bratidpecoss] vent has to
be separated off again fromthe desired product in an
addi ti onal separation unit and additional apparatus

0 | RC d
m%gg%ggd%egggrh? &r&grb%gggcz g§§§ mﬁgfée%g reil F]dg@ A R0ato® are used as

sotvents-fbubathaitarbiyg maserialso The fertianyi buttyl resters26X thesepicidsi ang formed as by-

Pro QTSRS B8 Ui RS8R dB AP ORP g Grgic deids. Here too, it is 2
dl%(/él‘?é%eﬁ’ﬁp HAIDIVERT hlds k4 b s%&t‘e& ?Qg%a‘cl‘f l'ﬁ]o tHee@e%ﬁQJ product in an

ction tenperature In dual” reacto

addBiohel sapafifiGn WRdr indohdditienal nbpirardi ke 4nd dpﬁﬁdtﬁlgtﬂo@tseﬂe therefore
.fromthe first reactor to the inlet of the sane
ingigeedi or . The circulation rate (anmount of internediate

m xture which is recirculated to the first reactor,

as aratioto the feed mxture) is from1.8 to 10 and

WONED/2B/ 761 dpsetibeson procewsi @it pRbati@f tterlpblitdholabgok@dtion of a mixture
based on the hydrocarbon m xture (total of |sobutene

Coamsalﬁw%%&rt h}tam& @ad Ef@huyenapr g esopwierq-cerftaining Hydrosarbon mixture
ov%xe %ﬁéne-g Xe hafl egi n,t g m%llt?sta CﬁePSTT re)é%:%é)&e{{\ [ %rgnct%m Hfgmerature in the
mdllmd@ﬁmédcttdﬁsﬁs below 65°C. Part of the intermediate is recirculated from the first reactor
to the inlet of the same reactor. The circulation rate (amount of intermediate 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
1sobutene 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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i ntroduction of water through two further reactors in
0.2. 61409l e pass. The crude product fromthe | ast
reactor is worked up by distillation. If desired, part
of the tert-butanol obtained ﬁf 30 recirculated to the
first reactor. A disadvantage "of this 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
DE @¥hift 297%canth¥lS 6ldi &48 disploatipodeesses forapgpdringr BHACfrom isobutene and
1z, tert-butangl, is used ag soluhilizer for )
wafiss ik B P o e bufiish ot u5<ECas sofitwizer gpr isobutene and

wake ORUAR PRoREs, @ik RPDHE ﬁ?l_ﬁ'g%raainqth&X-@B&%@Mdgocarbon mixture,

m xture, water and ter utanol s conver _
watezrand tert-buteholay eonvertsd imgo géry-batahaeli aver ostrengihadidie io®skehange resin
in a plurality of reactors connected in series. The

. 51n 3 i
in ? pUHpiiy Pl iFAC LOMESIFANY SR 198 Tercki mikturs leaving the last reactor is

s | 0 , I %t f r
12D AL S 8 SRS LR AL R tons om v
feedr whicheart indrd @ndérhher eacionooriititdis tar® Pbtadded. Qi adutdds tert-butanol
An agueous tert-butanol solution is obtained as
solyfien t5rAbfAtRssh Asbottpmymroduss Ragh thergoy 18 sairenlateddel thefirstrsactor.
first reactor. 10 All the processes nentioned have the
di sadvant age that conplete conversion of isobutene to

AlITBA preceset npesiohdd Baveahadsadaintdgs ehf @siriplddd cévetdiéh of isobutene to
t her nodynam ¢ equilibrium_ Accordingly it is also

TB4pis 105 Pessirle beerusenbihe nosdigntod ks hermidynamie qquilihram. Accordingly,

t - CoRtai ni ~hydrocarbon fraction, e.dq. ..

¢ S SHE SR, O Moo 08 LR 50 Do By comainin

Csit@rocatbsa drastibage.g haffidaee 1r %hh&ﬁ]d?@sp&ﬁ'eﬂ@orﬁﬂgfrb&gses have the
out at low tenperatures in order to shift the 1

dispdwntage thasfthe peetion dias ithybe watried auiat dow éempaseturss im@Ader to shift the

' -' I J d h .
T L TN A

thu§ €pdactof volgaetl ve distillation has been found to be
useful in nunerous industrially inportant reactions.
Exanpl es whi ch nay be nentioned are 20 ether syntheses

methyl tert-buty].. ether (MIBE), ethyl tert-butyl
Toef¥Riseciion Halipfe (BF ebMEarbY et Asfbaias bl prgp found to be
usdfll fn-M@Rkrls BHBRFially! REfortant BSERSHST EX&hpRISvhich may be mentioned are
transesterifications, |somerizations, ether cleavages
ethan syndlagsg (ra¢thyntert-britd epirar (M IBE), ethyt eatcbutyleether (ETBE), methyl tert-

istillati is ased on the distillatiaon occurring | .
Peffq}ﬁls B%*F%ﬁéﬁﬂﬁ)o e{hérg oAt ﬁ&*ﬁrﬂﬁ@be teF@H?lﬁq'tt%I‘éc fransgptgrifications,
. . 1 e f r I 0 US:. .4z . N
1sor§1§h1§€t§6dél\é,f ?%’lﬁ%t t@ﬁg%égg% ialniﬁ b%ﬁhf&ﬁl}'ﬂﬁ%%s? el HincFAB SorPAd iVl Sistillation is
based on the distillation occurring in parallel to the reaction. The reaction products are

selectively taken off from the reaction zone and thus removed from the equilibrium.

The preparation of tertiary alcohols, in particular tertiary amyl alcohol (tert-pentanol) and
tertiary butyl alcohol, by reactive distillation in the presence of an acidic ion 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



10

15

20

25

30

The preparation of tertiary alcohols, in particular
Ozewkt4ary anyl al cohol (tert-pentanol) and tertiary
butyl al cohol, by reactive distillation in the
presence of an acidic ion 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
colum provided with helically wound mesh structures.

or] MOBT@ I‘@Elti]?@]_g from dbontz EmnhHhellst ¢rdvmhaaneppisethersemeen bsth processes,
o 8 BB U LG RS ey ROt vt
th@endfcnpakdctibn iy W@B&E&uiﬁ@rﬁvﬁh r@ldve thihaldan tb%% EP-A-0 415310

NUItiBak fromNMritz e colum concept iIs
andeple 1005062 the Sedwdmsarboamiixtune issfediip pelogy theatactine abne, while the

R e SNt P SRR oo
L T LY g —

thé¢ edluimm wth@w th eolnbidicingvaetian € themeitiay tlvehdl, wad edridusly restricts the
um above the reactive zone.

'ntroduc%g into.the ca% A L
effeelyrpgsnelatye dutiillefien and fepyticulapthedeacsion; so thahthe space-time yield in
thél§BAcKv e %i&fllaﬁf)ﬂ HYEmANd 1@3&@8.“?11 %?ﬁi‘?i%n,o ffeUtSction rate is reduced by
especially 1n the upper part o & ol umn W thouf
hydfetios off tHei datatysn gvithowaten simfc? ]Esbbuﬂéﬁé’ i ﬁﬁ(}hp?laﬁ fﬁbﬂﬂpourﬁh&n diffuse only
seriously restricts the effectiveness of the
ﬂ%?@ﬁ@PPQ¥¢G§YQﬁH°PﬁmﬂQrticular the reaction, so that
the space-tine yield in the reactive distillation

colum is reduced. In addition, the reaction rate is

DE é006€d38H distdsdsya pricesnfod prepient Rbaktysd frigint 40 M6 Béne- and n-butene-
si nce i sobutene as_a_nonpol ar conmpound can diffuse

cogiRyng GaoSiFsAnt nino ey Aecheyieadtieattioahtsl formpe dg@ng@am product of

: [ c par.ing.isobut ene fraom. .

odftad, 35 TS BORCEE R, boRIRPRNT %y ASRYISB] T et

disthiatibn.aThib edovastredrg agrot@i ik puridied ia £l ISR Fta3E AfdCdubsequently
of 15 isobutene MIBE, TBA or a carboxylic ester,

redigsogiatedytp fomispb@ghgina saqor reaetivei distillatips.tln|thiaprasass, the isobutene-
colpaf AR ERMPLIAHSY s Bae 4 Sult o bR it

plarsobut ene in a second reactive distillation. In this
process, the isobutene- containing C4-hydrocarbon
m xture is fed into the catal yst packing in the

Teactiyve distillation | ant.. .20 .Since th nown . C1q
SifFE kB Plocrs? o nof sHieIH i 1B SRk £F 45° oRpe-time yield in the
re£0Biae QistillAfory tthfiniaRd o €he selectivity and/or the residual isobutene content in the
remaining C,4 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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reactive distillation colum and/or the selectivity
oZnelayr the residual i|isobutene content in the
remai ning C4 fraction, it is an object of the
invention to devel op a process. which gives a higher
space-tine yield and virtually conpl ete isobutene
conversion. 25 It has now been found that the
space-tine yield for the formati on of TBA from
ER & d¥utthdiselpges apapesss fos thmsm@ﬁeh@éTBﬂ iato lacbuﬂene and water, i.e. the

e R UL R RN -

1nﬂo&ﬁ@t3a@tﬁk% di@tﬂ!a@f@h c@furﬁﬂ‘@el%%é eh&tidh £R8. R?‘H@%B@Qn&/@vater mixture
both the isobutene-containing mxture and water are

wiied howeyer, slaes met resgetd oafornABA 30t @ Zonvetdd virtaHyOcompletely into
JP@% 241 . di cI oses ocess. for tlge di ssoci a.tl on of

iscbHienf AN Waleg i, PERL h (PEBHRERe 29ne SURFSmE % i §@ctor concept can also

befu8&F ok & folMatiBRASTSTEA oGy Snddissihdiddeat i on. Here too,
the feed m xture is introduce Into t he reactive
distillation colum bel ow the reacti on zone. A

TBA/ i sobut ene/ wat xture which, however,
The R0t 15 VeniFog ase e mg@u?rovgde% B RVRSCEC T PFaPETIng Fey‘tlary bianol (TBA) by

reaﬁ:ﬂﬁgl £ Wobulend gor'i_ialln @{Fﬂ hm! Vit R3RP Lovel 3 solid acidic
the reactive zone. prl |ng I'S reactor concep

catabist sthsein e msbnteﬁ@cortt:hmngcﬁmhydrmbﬁn StBAnf Bminwwetr@rre fed into a

and i sqQput ene, ent L nvention accordingly

reggHyg fie aﬂaonpﬁoaegggelpw hpraian 44t er tiary but anol
(TBA) by reacting an isobutene-containing
CA- hydrocarbon streamw th water over a solid acidic

In ble qmdsc&lsg/ sriasites @iiktutenof as ddabliene-comaingigClydrocarbon stream, water

5;4 dro arbon stream and water are fed into a
ang & ént% the teagtivs ditilation colamawl his nix e andye ohtiaed by reaction

i ek e e N

prelifininy réatbri Nt o the reactive distillation colum. This
m xture can be obtained by reaction 15 of an
i sobut ene-cont ai ni ng C4- hydr ocar bon streamw th water

Thgéy?élin?in%gﬂ_lr.hgcﬁoﬁ%?f% (fso%ﬁl{egé-xgrgt m a%@?%(ﬁ(')ciar%o%asrt%am with water over a

mnary feac

solié abidicedyealgsd i pioiéraely Carrivdcdi® Q@ laR Q§bbuiten® BFhVéréibn \¥ath @Ert-butanol of
over a solid acidic catalyst is preferably carried

frogy 65tte HiYo iang the epigtuze obtsingdon thist way ds fedyuttatld reaptigodistillation
coiu m65 to 97% and the m xture obtained in this way is
‘into the reactive distillation

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

water above the C4-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 Cs-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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colum. In the process of the invention, introduction

Ogf 6t4e reaction m xture below the reaction packing is
essential. Water and the isobutene-containing
CA- hydrocarbon stream can be fgd 25 into the reactive
distillation colum at the sa poi nt or at various
points, for exanple the water above the
CA- hydrocarbon. A bl ock diagram of a plant in which

togeger veith dreopirasphweldr Myeanh@t) pntodks acivetthetifioatiemtTherfeédsposition for

o i PR ERR, 8 o it o,
Thé8ter @%Lam%? gg‘ Mraﬁgfghﬁfo@ugﬁ(a‘g?&es Qb hhﬂgﬁ? bn t}n? gc‘ranlumn as the

the reactors . The actors can conpri se
prdreagecbmsttaggs). Ipngfaticabir enibodimeht 9F d@qiocesf)@additional water (4) can be

rereacted m xture (5) can be fed O Z 6147 6 together _
adaﬂe 1P A PEEeACHIAN e ég) beforgdhentars themeactionecolwnrtAkaye the saturation

Lo p Crion f h _ |
cob L AL off0Rab AT U orelBEpBRL BRI Py ons s
reactive rectification colum. The water stream (4)

is preferably introduced at the same hei ght on the
Ay dliprnatiye; the probipanasy £9aster gt beidispersyd with and stagam cl) land water (2 or

[ e ess.q..addi tjonal e 4) can be
SRR Hto BEREREREROP bl AE Bl adHon Bk, PGated betow
thé Peactienedgicn(6) OAUMIRillaAd8 t8gibh @af BeUbeHtédBetween the feed point and the

concentration, this can also |ead to dem xing to give

Te36HOB (Z9Bhi ]éelg‘ﬁgg@ repsHve Fegiep dbwrs iphasiee diaillation region which serves to

r ] rel im.nary-reactor can di spensed .
se%r%tg ogiﬁtg}le \é?rAe élrtrlrf )e§gclﬁsa .wa etr.e].fhe(elzactﬁwn ;.)r&)?ucg?gO)fCé)Bﬁmses predominantly
TBA aAd tayer] idedlly With WA dovCer@iafibhd lodlet @ANGR |t Wated/ TBA azeotrope. If

feed positions are located below |0 the reactive

desigagh afurtiey diskllation tegioat(Bphaviegfrom Gtonl Gtbedretical plites, preferably from
o BEE TR 5 RS SRs Wi BECEAFE 8RS 0 SR o
coh@@traflonti §1B r&REYE ToRe Th%Q@ﬁbﬁ;dﬁct?q)g obfifhed B\ 20 nfiktire having low

excess water. The bottom product ) conprises
residuali eoritertsm of isob @k andavatert er, ideally with water

concentrations lower than in the water/ TBA azeotrope.

If desired, a further distillation region (8) having

Usuhl0gBrihdrents Guth 8o fﬁﬁng ok &E6S; vAV&! zﬁfga\%g}‘ri%ré) elot hown in the

to 6 theoretical plates, can be |ocate ove the

blackaltagram butgrc of cowsacijmmnentsef a pbintit ene  concentrati on
in the reaction zone. The top product (9) obtained is
a C4 mxture having low residual contents of

In HRGRUEROBT BB IWALEH, -thd RUE orCHTRARERNE %i&%&kexgﬁof&nﬂﬂﬁ%m is preferably

conpressors, valves and vaporizers are not
catried out in two stages (see Figure 1). The first stage comprises the reaction of isobutene in
the C, mixture with water, with or without addition of TBA as solubilizer, in one or more
reactors, in the ideal case until the thermodynamic equilibrium between TBA, water and
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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20 bl ock di agram but are of course conponents of a
O a7 I n the process of the invention, the reaction
of 1sobutene with water to form TBA is preferably
carried out in tw stages (see_Figure 1). The first
stage conprises the reaction of isobutene in the C4
m xture wwth water, with or without addition of TBA as
solubilizer, in one or nore 25 reactors, in the ideal
iselageneymhidh is leentened vedy sedettioely dhiol TRA it AdabdpBNTRAoNd stage, viz.
wat er. and. i.sobu{ene has been established in a
thﬁ&%@%%@é&h%at@awe YWI¥h. The reactors of the first stage
can be conventional fixed-bed reactors containing the
sanme catal ysts which are described below for the
Ingbe pridestvagient Witk apeelthines @a@ot) Shdhich B ¥oBhRfe-8éntdBing stream is
-110C and 5 - 50 bara. 30 Typical conpositions of the
PrERAREY PYoFeacking anrisebugineaiontiniag €+ dudioeirberistreant wigh water over an acidic

Sean | e I hese .m xtures. contain less_ .

oo 5 an o ARG s 1 R A R ol S ah pab b b g Preference s

inGhis Qase gibdrd ifotusetRUonRErsiot o FrolS7 S RNYBL ! B%ha¥fiuYar from 80 to 96%,
selectively into TBA in the subsequent second st age,

vegy particylpdy pistsahly &odi &% 109586 on col urm. I n the process
variant with a prelimnary reactor, in which the
| sobut ene-containing streamis 5 prepared by reacting
TH9 cab Wl heHIGrea0 FéraRiniile Chy ARG b AabSEREBM M C,-hydrocarbon
wat er over an acidic catalyst, this can also be
strigamrgvagaegidic dixgd-bedicatalystcioravpnsiignofatadtion sta@ss. ferd 786 reactors are
Preference is ., in thi e .gi.ven to isobutene . )
cophek L Nefes re/qrripmisale] TS Fividal st pis e, Porplgthin single pass or
inta01036 Ynodey GTh¥ rBakibh Grbdict YbRifhetah e gfe‘?imiﬁ 4@ac?ot Br preliminary
10 This can be_ achi eved, for exanple, Dby reacting an
reaaierhshiseane 1€ @ nmatvrie nepn@prisingl thecemrbamed statermis Gver thenC,-hydrocarbon

idic fixed-b t i lurality. of reaction
st@fyoe g isppifde, frhubal Phioce And 2 Ruiiketantin s with drabpiene, tert-butarol

- an@RPHt@T The chileAirdtRins o-ft?s%bhféﬁé,vtlﬂq%kanf)?ﬁﬁf Whter tﬁ]sestream are close to

operated in a single pass or 1n a |oop node.

the deonodymapiogmdibrold ati the tbspective tdnepepateleianiratyctéraatior
or prelimnary reactor systemis a m xture conpri sing
the unreacted materials fromthe C4-hydrocarbon 15

ASHERIT, Be ProdesORt Bht Ane. o LBt Bn6. apd |
2- but ene, Cfb cg(ééee?éﬁg ? t@wé‘:} %V%ﬁglgg’u? gﬁe‘?O]S%lg}rét -%bﬁ%ea?élhydrgﬁgbon mixtures
comgoriemg bBidile isdbntentandt immas bafenes duttrengcetyl@fet dfisiatingd and less than

in this. streamare close to the

d ter . .
80? ﬁ ap massi of bé‘EﬁﬁiilqniebhdH?FPa]t mix{gres gdyrdicnay eomprise both isobutene and
link&MRRERS UFed f lexhilfle! i it ¢, Mt
8R4 U R FORRR B B M BB . o om e
uni?d - dry dieamaciaokersy xiixtu&s from Fischer-Tropsch syntheses, mixtures from the
dehydrogenation of butanes, mixtures from skeletal isomerization 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 C,
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 C,) comprises
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20 conprising both isobutene and |inear butenes, but
0% tyl ene derivatives and | ess than 8000 ppm by
rrass of butadi ene. Industrial m xtures which nay
conprise both isobutene and |I|inear butenes are, for
exanpl e, light naphtha fractiohs fromrefineries, C4
fractions fromFCC wunits or steam crackers, m xtures
from Fi scher-Tropsch syntheses, m xtures from the
n-Behiye] ipbenas, i the teke bﬁ%a@'ﬁﬁﬁneéﬂr?ﬂtl%lﬁx%nferaﬁm@gE{e?&?éd starting material
i sonerization of linear butenes, m xtures for med
fopthe peacgssfghe inyentiref i ns or ot her industri al
processes. These m xtures can be used in the process
of the invention after renoval of the multiply
If YRS fobhRhQEoRMARRUARSm [Ofedets ?@ﬁ‘l&ewnﬂ whitf &b Gi%'xé ?@ﬂtlve distillation
m xture can be obtained from fraction
cobitram helowatbk egactiye pa(ctkmm; ttheoloweboitihg Cauiyddicerbenorise in vapor form into
sel ective hydrqgenation. thereof 30 to |inear hutenes
thS FReG Yot 0 A8 10 HheuBImi G ZepiEe 4 o 4ior gt QgBvipgibons, part of
I
thy ?%%?ﬂ%a%%%%ﬁé S ok RhfRe: MY @8 1nte the reaction zone. Any
TBA meqemefneﬁleefdedshamwm gndvphre fof ahe whatt réhginpihoesiguidf phase and are

.tg tion he i sobutene-containing streamis
digc t}’é"? VeWQW ter into the reactive distillation
5 coI um bel ow the reactive packing, the | ow boiling
CA- hydrocarbons rise in vapor forminto the reaction
Wheme Caihgidrodarboh miktuee, rign irz[fﬁl;]maz Sotusaps f@éd \mé €}-h@didcarbons present
the water is

. Q;ll dr ocar bons, g‘;t of

m %%BHP?%&OWPF‘S@&}% Utensy iobeged mebutape; B htﬁ@efaéléd’l puferss. Isobutene
t f

an?n'%;&tcﬂrscgg gén gféggl? foe ve 2@@ dtf tﬁ% ?rgllhﬁmlqﬁ f?ﬁ'xé ”Iﬁf/g Which flows as high

bojlatwetha bdttamn ef thid S@hﬁ:lhg@ﬁe Uﬁﬁﬁéoﬂsﬁwehts (6] g Qieotr&& a6 react with
a 4- hydrocarbon m_xture, g. raffmate I, is used as
watgrgndes fhe Teactiop fonditions aad pfee@ewptedquf 8@ W CONtAPENG azeotrope at

thgf_ﬁg%rf‘t}?eeco'hﬁ]mmene i sobut ane, n-butane, 1- b_utene and

t enes Sobutene and water are reacted in the
reactlve zone of the colum to form TBA, which fl ows
as hig boiler to the bottom of the colum. The ot her

In they é@qai Gases sheomixtyee seramtechpl atothadop rofabe redctive Kistillation column
CO}Q@PS o%'?@ﬁﬁ} p react ion conditions and are separated
wel

Qamt aleﬁll ng azeotrope at the top of the
colum. In the ideal case, the m xture separated off

at the top of the reactive distillation colum
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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contains no or virtually no isobutene. 20 In a further
()?Lgﬁﬁﬁs variant, the m xture obtained at the top of
the reactive distillation colum is separated into an
aqueous phase and an organi ¢ phase and the aqueous
phase is returned to the reac?ive distillation
columm. 25 This process variant has the advantage that
the water of reaction is largely circulated and the

- Ther aditeilafisror tthe agegbuef distheue PhavencOMkai flsceOMove SHRBIIr below the

ampunts of water. If desired, part of the organic

regfitionizpne ehilsHbe ergapic sistillatsfphaseecandreatciniuatéd toabevectan reaction zone.
be recirculated to the reactive distillation colum.
30 O Z 6147 9 The recircul ation of the aqueous

TH reidtive AiseilRAGS EolGARA chAthfis RhACRaIFNFY fhe éﬁ’rﬁerﬁ%l&&iﬁn} 8§41 separation

reaction zone, while the organic  distillate phase can
traye or distiflatidrapasifingoarafiropresdnh ebovesmid tetow dhreecatalyse packing. The catalyst
. reactive distillation.colum contaips thegcatal yst in
is ¢ FeG niesiph: G CPABIE offd SUARIa RERMES" (BpQBH 265, KataPak®
is3d [ ' j \-
(E® rgﬁi%' é@? &Mﬁﬁ@‘ék%tﬁf%}ﬁ@h@depgﬁ}%.%. hg?gof}ﬁleﬁ%d onto shaped

t he catal yst packing. e cat st is ei
bodies YiSet 246 929 oPpéokiceds given texaingl eatdigicapdrking)hafing Dhigh catalyst

428 265),  Kat (r) (EP O 396 650) or

CORt e KEPRONT) HA WEOGIerRopre sty KgmelySP b
pol ynmeri zed onto shaped bodies (US 5 244 929).
Preference is given to using catal ytic packi ng having

The Hngh reaatied yddtillationt ebmpassgs alapapass Shidékridg, measures in which
. t.i cul 8“ referably, Katapak-SP 11. 10 The term o
o T el Ao o R o g e o e, i
. O _ e i LAt
UL 80 BB U B B o rces o e
inventioh Gt & alespussibiecto stpdrsteitisese BpidrR\BEsiblyawidiRdut idigahe advantages

confi,gurat_ion of the packing in a colum. In the

of grercti¥e distillation. i nvention, it is also possible to
separate these regions physically w thout |osing the
advantages 15 of a reactive distillation. In one

In oo pesRss/ eariaattthe tdaetivedigtillatRntiohirhh iPédndigutal 44 diktflation column
configured as a distillation colum provided with one )
providerbvish ene ef mare exserarlgeactors ingwhish theheatalpstad yresent gnd through which

a SULSRERS stRAMA falieQuah whi ch

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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a secondary stream passes. 20 Al or part of the
0Rkpyst can be installed in external reactors (11),
as shown in Figure 2. In this way, a |larger anount of
catal yst can be used and catal yst replacenent is
considerably sinplified. 25 I4% a further variant, the
reactive distillation colum is configured as a
distillation colum provided with one or nore

of dAPAJY 5,776,000 &i 4 I\htdlPAGEQ S dbWARBN 6th HitkiPatioR8ray. A larger amount
distillatjon section, Here, all or part of the

ofccatalysy ean ldkevisebe used &1 thisawash i ntegrated reactors (12),
as shown in Figure 3. An integrated reactor or
integrated reaction stage is, for exanple, a catalyst

AbaeudOcdtilyaus RowdivelicP N Yollibld UiethOhas e feQVehiAiF: igéliyé&hthe product

thus nmekes intensive feed/catalyst contact possi .
mixture gindghap facidogesteruen itosprfedd 5 wsad i bothestdges ofl thef rocess. Under the
exanpl e,..as in the Catacol  process. O Z, 6 6147 10 of 1F .
reGiOB CrRbit3Bn (B CHEVS Aty Boaci HBNABSRIFS BF pAduct mixture,

be@g@gitﬁig%megdmpss@s{ﬁgﬁr anount of catal yst can
i kewi se be used in thi's way. As actual catalyst, a

solid which is soluble neither in the feed m xture nor

i .h duct 5.m xt h i d t it
e B SR o 5t e e e e Sty cataze
addiRonl FaEAd WhtE ROBLtE AR bﬁxtewath@ %Hé’ilti}fﬁ bntdUfHear tﬁ%%%g.ﬁ%gﬁlermore, they

aci di ¢ substances into the "‘product m xture,
mudiibgrelyo if af all ecathlyzs thoskgmnérivatioebflolefline activity of

the catal ysts has to. be such that under the reaction )
A I, f?ff 38}%0 G EIAIES &ﬁ%ﬂhﬁ" %Fr‘ﬂéed nothe gEacessg thg mygatign consists of solid
ioRRk&hah i e Lt G-k '
SR80 R0 SO AL SORAL o LA s a,
exemiple, yones twieclo lareg prapatedaby aulfohativnedi phenolalfebyte €dndensates or of

acidic c%t al ysts which can be used in the process of
COPHEOERS et PR NENK: SOrBpPowds xamples eofcaramgtic ramylngompounds for

. . : .. Sui le.ion. ange.

RO S Aples S, SN S inBHUL B S BIRALE iytcamthencns

methylbtyramej orinyléhlplobaniehs| datiydgerzondendaimbedterRl S fparticular, the
cool i goners of aromatic vinyl conpounds. Exanples o

coghigrasrs c,fOWi“i‘i‘ytPY EasHIBUREyTERE Withrdsyiaylbergentare used as precursor for the

' > . 2 Vi nyl tol uene . .
R RO R Bt WS W Ty o n e o
maumpdrmks: @fdﬂlﬁﬂ Fsuige typen Blrsigleaeidai skl \bF e SRR BRnyIBknzene type

articular, the
arep sold, for example, under the following trade names: Duolite C20, Duolite C26, Amberlyst
15, Amberlyst 35, Amberlite IR-120, Amberlite 200, Dowex 50, Lewatit SPC 118, Lewatit

SPC 108, Lewatit K2621, Lewatit K2629, Lewatit K2431.

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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cool i goners formed by reaction of styrene with
0.9 ¥ifyl benzene are used as precursor for the
preparation of ion-exchange resins having sulfonic
acid groups. The resins can be_in gel form 20
macr oporous or of the sponge t1§/pe. Strongly acidic
resins of the styrene-divinyl benzene type are sold,
for exanple, under the follow ng trade nanes: Duolite
is €3, 0.Duoh kd £.5@26, infpapddlstStom D3, mANDBEr0 Mst. 132 particle size distribution
Anberlite | R-120, Anberlite 200, Dowex 50, Lewatit SPC
cay pg relptiNsht parrovepibrogd, Thuswior ickampleoit is passidte to Uk geexchange resins

[ The erti.es of theseyesins, in .
hat@'ﬁ?‘l; 8{3 ar Aig%rg]c i’? Wyksﬁr % g@éoné?lg%?rgepﬁsbr??‘t y,ge 2pidptappgify of the ion
exShuigbris itg based oahhé fsaORppREt, ©XCTB08&/1,GRpadichMr 1.33100 B§1.

varied via the production process. The ion-exchange

resins can be used in their Hformin the process of
t he inyention.. ..Preference is given to using. . .
THEREPERUPORY PISUHON % The Soasivee eelijgpion Scptiad out with the aid of
intbﬁ%@ohpﬁ@ﬁg%yi QStatiAF RREMYIS traddor? ?a&%&ﬂd)’o?tor&eﬁed packing.
Lewatit K2621, Lewatii K2629, Lewalit 431. The pore
volume is from0.3 to 0.9 nJg, in particular fromO0.5
0 0.9 . The rticle. size of the resin O Z 6147
In&ff Gage ?%ﬂ{rﬁn gaﬁ?}{eptjoﬁf"gl%ﬁ’pqsﬁmp‘é?f icular fromo0.5 nm
-t Qayk-HaviMBholtl @r BIRtk ik fHe8ra§ipife. di stribution can be
relatively narrow or broad. Thus, for exanple, it is
- poaysilavimgmecksse chonmneys siichgre caairasby hibblengpsovisods.

uniformparticle size odi sperse resins). The acid
e ﬂ'ﬁ&af’ﬂ?gg?{etgﬁgwf%%éy@&)gﬁ@ﬁ&@ Sﬁn_st,eB%)é%theon the form
- sg@@lﬂaeggg sPeclal stréetflregd/ 1, in particular 1.1-2.0 eq/1.
5 The separation by distillation in the reactive

rectificationis carried out with the aid of

In | BhAEMRhA IO MRAMS MedhRY $he FRbAK Ebgﬁi"gﬂgé ‘;séléh@gé'bgg ﬁlggn%”bf rotating

packi ng and/ or ordered packing. Int
funnelsyayis spreadf asla fovi oner yheated aube widEn), medB of atrotay.s
having holes or slits in the tray plate. - trays
havi ng necks or chinmmeys which are covered by bubble
Colypas ByedrB b processt ofahg imventipg cpw cerfainguegwar beds of various packing

' | 2. - 1 hayi
L ATY LT I h ——
stanBivare porselaint) glasd) pkaeiks, iec. dnldRfe YRiG)saRaps, BRAGheRSs, 1('_jings having

rotating_ funnels or is spread as a filmover a heate
smogiheorggpfiled guriicamgings itly intasral struts or passages through the wall, wire mesh

rings, saddles and spirals.

Packing having a regular geometry can comprise, for exafnple, 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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Col ums used in the process of the invention can
Ogﬁqggbn irregul ar beds of various packing elenents.

They can be made of virtually all materials, e.g.

steel, stainless steel, copper,_ carbon, 20 stoneware,

porcel ain, glass, plastics, etes, and have various

shapes, e.g. spheres, rings having snooth or profiled
surfaces, rings with internal struts or passages

sdchomufybmt heo B4l theoreticad plaedarer lobged s alskdteasti@Ndone and from 0 to 20
spiral s. Packing havin% a regul ar geonetry can '
thegretiralglates gre iocatedl 8, awnaErhmentcsestion abeinths reaction zone. The feed

oFITPL SRS ABEHAPN ol e MBE RSB 5Tyt o

atta€ kintgpddtidnrapak nade of sheet netal, hi gh- perfornmance
packi ngs such as Mel | apakPl us, structured packing
from Sul zer (Optiflow), Mentz (BSH) and Knl mi

Ronb K)..30 The reactive . rectification colu in
TP ERE PR el Be raRBY e SR uf e ol s rod BRI BR of the colum,
is$tdn® 31d BE bhRKB pRfidul A5 R U HS T2 BLACHEE refR rit PP tHe QB from 0.5 to
theoretical plates, in particular from3 to 50
49.he paricilenin the mngs froaf 0.01e8@, from 5 to 58 theoretical
plates are located in the stripping O Z. 6147 12
section, from2 to 55 theoretical plates are |ocated
Thé) HyBRciBaE ieOd BERBRe 8 b¢ 3R Yodethet Owith h\@QcEIetag&ad tioRally TBA as
plates are located in the enrichient section a ové The
sqlebilizer dntozthe @relithiparyereactorsoSatalysts ussd laed thw satme ones as in the reactive

I tive.regiQn. ter and prereacted m xture are
aigifiop e e prssgpars s SoRelegeT creia 08t yma 3, 4 or 5 stages
TRIB $5réds! i xire DFUTHRA, Q\fatérpﬁoﬁlﬁ@t%td WSttt ?x&rﬁrlolcﬁ%bl%r.‘

colum, neasured at the top o Phe colm, 1s from3

to 30 bara, in particular from4 to 12 bara. The

eflux ratio.is in the range fromO0.5 to 40, in, ) )
The,propes§ od thg WVFWéO“r‘ém‘&& ¢ageH Putgising »homagenees mixture, i.e. a mixture
AN A Lor:Y N eTaTe b =Y<Ta IN 'ﬁﬁ#é fed together with
Sa\/\/ater and o%t’i onaFEIey %uggﬂxso'ubi lizer into the
prelimnary reactors. Catal ysts used are the sane ones
in the reactive _distillation_ colum. The

Ifgfl% PFAfeSRatsy CoTBER CPO I Y40 slagssetraglin)ingly Ferelipropid Fegetion in a reactive
di§t\illeﬁioﬁ coRnt %%%wa{gﬂ ;L/%Pgég géf%m%eg]fé_%c%ﬁx;oé&% reefion g@#h% isobutene still

I sobut ene and ot her ( ons. 1! FECRLY

preseat icary atpresent an theefeed itd itied reautival 8istilatéon ESTRABNEOMS little water is
mxture, i.e, a mxture o

present 1n the reaction mixture from the first stage, additional water should be fed into the

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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saturated with water, or a heterogeneous m xture. |If
olhg 41 ocess is carried out in two stages (prelimnary
reaction and reaction in a reactive distillation
columm), nore water than is consunmed for conplete
reaction of the isobutene stillP 20 present can be
present in the feed to the reactive distillation
colum. If too little water is present in the

In tigawbikeup of adistikaté comtaihing 16dsrthin $30ag8m bsdehisé bORSutene, it is possible
wat er should be fed into the reactive distillation

to OBfaifh 1 bﬂﬁ@emoa@@‘s}%g &ps thea 10R0 @pm binmesuefiiselsitene, which is a sought-
AL I o e

(LLPPE @a{DPE) b.ﬁk:[ by ethylehepripynt @5?01?1‘3@1@ A3 aRP Wy dWas alkylatmg agent
mass, of isobutene. Traces of b di ene can be renoved

ang isomstariagmgterial dorcthe preparstion pE2tbitanoly betenmgxitly valeraldehyde.
sel ective hydrogenation. This m xture can be separated
by distillation into isobutane, 1-butene and a
A Rintler 6 &f thé vittia@PebaRde Breb WifRinSteql feBIu@d 'a@&ypd%%%ethe invention is
and a mxture of "|inear butenes and n- but ane
thepmgFaradon of ttaitene okigopensf ingadicsiar blyabeOctohpracessng | ess
than 450 ppm by mass of isobutene, it is possible to
obtain a 1-butene containing |less than 1000 ppm by
THEBSRArRhrod® BithShRg anet ﬁ{é l'ilﬁiaiabﬁt@H hl}ave el £ Ee arated off or removed by
intermediate. It I's used, for exanple, as c Jrononer 1 n
regchien (frosp &reataiffomto il qao) 5fsieb1y¢derbe hydtdgeREed (CSE)PIHA worked up to give
et h (I!lene ropyl ene copolynmers. It is also used as
lsog’fl %/ fig‘gnt 5 and is a starting material for the
preparatlon of 2-butanol, butene oxide, val eral dehyde.
A further use of the virtually isobutene-free
The dfottomapredndt cpmpp'aingd[‘ B coatedt agl hxghtH@ﬂeIisn;uemhé Qp-olefins can be used

dirts 0 ?)f %r e@%@ b \%%%é %F;? ggg [al? %}ﬁ d B?@;p'é: q%,lgq%)ared therefrom
f
by ?%‘aﬁ%éﬁé‘@‘)dS' ’P‘Zﬁct i n“@%”@ o Gl o EP R dhehis "

desired, be hydrogenated (CSP) and worked up to give
but ane and n- butane The botton1groduct conprising
Theg vanfagef theProgess ot i imesngion i thaha higd conesrsiar of isabusene compared

to léﬁﬁ\?’enug)éaldﬁrﬁgé‘sg%syc M MRIEGR d URith P Aa %n qﬁ Y \\/@ﬁnelesobemg necessary.

azeotrope ‘or on BA can be prepare ref

Thksndunadeepdisitie oﬂ.lp\b‘ywhé esmBiBAd giAces seFHiathn zﬁﬁ&éa@ﬁm in the reactive

fuel ~conponents.
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: 2.3%
1-Butene: 29.8%

2-Butene (cis + trans): 14.2%
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The advantage of the process of the invention is that
0% Bi&h conversion of isobutene conpared to

conventional processes can be achi eved wi thout |arge

react or vol unes bei ng necessary. 20 This is nade

possi bl e only by the conbi ned et eri al separation and

reaction in the reactive rectification. The foll ow ng

exanples illustrate the invention wi thout restricting
Isowgerecope, which i 453&86i ned by the description and

t he .cl ai ns. 25@%1%%;%:, The raffjinate stream used
Thegsohuienecoplept ofdht winnple isfuricthpadhe 1apee rATEXAReY8. 2%

| sobut ane: 2. 3% 301- But ene: 29. 8% 2-Butene (cis +

trans):14.2% O Z. 6147 14 |sobutene: 45.5% The
Exaanpletiqaecoedingaothoinvehtionyf fi nate is typically in the

range from 35 to 55% Exanple 1 (according to the o
Thenpreparpténn obterthautanod yeas parrénd ot ln@rplamcagguredm shown in Figure 1,
' ' . ] fi ed h i n. Fi S
w50k A G98% LA A DM, Beagcs

TiexdameRtlof the td¥etiveteefiBSd BN RblushiWhd 80 fnvn. If AR 18WaNBAEHS the column,
of the reactive rectification colum was 80 mm In the

10 lshetatqsy bublle cep draypmgrninstalled las distilatoreysthpgibg eectimp (7), and above

trays.were .instal led as distill.ative stripping section
P RGO BT ok B Rl i ¥ SRRy REEIaH? 05 3000 mm
witlo | Kitahak®P. 1940d16Hete Froddl (SR d TRY Gt wRS g dueld 3R the reaction
mmto with Katapak-SP 12 el enments from Sul zer. The

segteqarof/ihig cphwmmoandcesasisie ol préveactaslamixtem (5)sat dnoaddgfonnhwater stream

u and_consj st ed r.er ted m xt (5 an
A5 ol s m A0 T e Bmo Vi B0 Sl it € Fonfehages are by
mAREThOttA1Ydt iSed W RnbOAYR SBOTKE Sropbrti@H b cakalyst in the reactive zone was
Percentages are by mass. The catal yst used was
25Kmbevolpgte. 35. The proportion of catalyst in the
reactive zone was 25% by vol une.

Stream number | Nature of stream Mass flow Composition
[kg/h]
5 Output from 5.5 5.9% of isobutene
preliminary reactor 49.1% of TBA
5.5% of water
39.5% of residual C4
4 Fresh water 0.05
9 Distillate 2.2 403 ppm by mass of isobutene
1.0% of water
99.0% of residual C4
10 Bottom product 3.35 6.8% of water
93.0% of TBA

0.1% of Cs (high boilers)

The pressure in the reactive rectification column was 7 bar. The reflux ratio was 15.
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15 Stream nunber Nature of streanivass fl owConposition
olZkeifl 5S5Qutput fronb. 55. 9% of isobutene prelimnary
reactor49. 1% of TBA 5.5% of water 39.5% of residual C4
4Fresh water0.05 9D still ate2. 2403 ppm by mass of
i sobutene 1.0% of water 99.0%!8f residual C4 10Bottom
product 3. 356. 8% of water 93.0% of TBA 0.1% of C8 (high
boil ers) The pressure in the reactive rectification
colum was 7 bar. The reflux ratio was 15. O Z. 6147
15 Exanple 2 (according to the invention) The
preparation of tert-butanol was carried out in a plant

wn in 5 Figure 1. As
Emlb YL &drn gtﬁ ?ﬁé’m@%nﬁ

Imnary réactors, was nmade of 3 |aboratory

Theepxepzra@omoﬁtm-butmg)mmmecdmed 086in 4 hptant rceafifired ewddeBr as shown in
was added in stages. The first reactor had a catal yst
Figgedne of 1 1 and was operated with an external

Asﬁ%’éﬁﬂ%@ég I%rgcetg{‘? §sreaf\¥ag;y %&tqf%riaﬁﬁht?[ﬁ Ite &gx% Af “:i‘n%;\m}_)erlyst 35. The

redogioh , waAagOwhd eddedDid ndtage. The 6% Seé@ﬁirﬁfad%ﬁatﬁly&gvd’iﬂﬁb of 11 and was
(2). 10 The second reactor |ikew se had a catal yst

opgrstaghwith an exferng) cﬁlr\ﬁlalgﬂ@lp) of ét(b]@/h it an dnlagtempgrasire f 603G, The fresh

rafifﬂlla%t gcggl? rh%g %{tzoavg to(f)' ?q(%é%, ang t %grﬁgérﬁ%%fgéc%gs?%gte{w%t% g 08 kg/h (2).
Thea@6dral relask likeSaécahadsd cétﬁlbtt%hﬁﬁe a1 aBsd was oﬁ&%éﬁ@g smgle pass at
in a single pass at an inlet tenperature of 55C

ang il FEMPETapN e O8s¥ “atlhe dropuntief piecesd watar forr thma@cond reactor was
0.05 kg/h (2a). The third reactor had a catalyst volume of 1 1 and was operated in a single pass

at an inlet temperature of 55°C. The amount of process water for the third reactor was
0.043 kg/h (2b). The pressure of the plant was set to 11.6 bar at the inlet of the first reactor.
To obtain sufficient product for the subsequent distillation, the product from the reactors was

firstly collected and then used as feed stream to the column.

The diameter of the reactive rectification column was 80 mm. In the lower part of the column,
15 laboratory bubble cap trays were installed as distillative stripping section (7), and above
this was the reactive part of the column (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.
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0.043 kg/h (2b).

The pressure of the plant was set to

o¥le¢pspar at the inlet of the first reactor. 15 To
obtain sufficient product for the subsequent

distillati

on,

the product fromthe reactors was

firstly collected and then useé@ as feed streamto the
colum. The dianeter of the reactive rectification

col umm was 80 mm

In the lower part of the col um,

15

| aboratory bubble cap trays were installed as

di-sti- 1.1

ative—str-ppi-ng—s

tion (7) —a

d_above_ .20 this

ot 1

Stigam Ruyeb

equi pped

o NS ef SR of 1

ver a hei ght of

MasgBowm (
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gYompgsition was
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1 el enent s {Fesh Siffizae I fcEhe

the reacti

on

feed was in

section of the colum

450896 0 € tho bk v
R0 Ridae ©f

2 prer eact edipfy.

stream (4

. The stream nu

o
ulr T L.

WRed O) W THQET an add]

ers in the

hr onnt ann

P OLTER Ul e
9. °5§?¥V“

Tha
A T T\

4 cat al yst

cat al yst

r acenaongdl
CurTTSpurTu

1 ¢PIMBB v eactive

é@&“@é@ RAt&r

Ry c0

zone

fad
\"AY2 N1 us\,o

35. The p
25 was

LI = S e

roportion of
25% by vol une.

5027 6147

fl owConposition [k 1Fresh

i sobut ene
of TBA 50

5Feed to ¢ol umb5. 0 coll ectedb. 6% of

Hg:d3o celammunber

54. 5% of resi dui
7% of wat er 4Ad(

Nat urcelledteds
pratifidtnatien
e CA 2PRIGEE
lichignal wat

tS. @&a wlVisebutene

4Rerd b 0BA. 5% of
SRR Qlafer 3449. 3%
I 590 bPreS AL,

S0R) o BfhePL A nes

fl Uf”-‘I-S. 7% f DA tiIU till I uq hn//U Uf watet -react o406 70
of residu aﬁlséﬁgff. 4% of ot '%‘chorrponeg[:’é?’ ppim by mass of isobutene
9Di stil | ate2. 04343 ppm by|nass of i sodt’e9EWatenos of
wat er 98.9% of residual C,4
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 C4
4 Fresh water 0.5




98. 9% of

7 bar,

r

esi dual

C4 10Bottom product 2. 962. 8% of wat er
6340 of TBA 2. 0% of other conponents (high boilers)

e pressure in the reactive rectification colum was
the reflux ratio was 15. 5 Exanple 3

(conpari son) The preparation df’ tert-butanol was

carried out
under the conditions of Exanple,
introduction of the water was altered and was

in a plant configured as shown in Figure 1
except that the

carri ed

9 out above
achi eved V
i sobut ene
t abl e bel ¢
Concentrat

\as poorer, as Ca
concentrations i
W, 10 Stream nun
ion of the conpd

Dhisillaeact i on sedRiosdn.

The c
In be seen

n the disti
rber Nat ure o
nent to [kb

ONY%IoFlidbutene (9000 ppm)
fFromt he

}-Bofpgyeri n t he
9830, S RaL ¢4'f ow

£ Separa

1Qut put fr
react or 49.
C4 14Fr esh
of i sobut g
resi dual (
TBA 0.1 %

Botiothpr&decof i s¢
1 %of TBA 5.5%
water0.5 O Z. ¢
rne (9000 ppm 1.
4 10Bot t om pr ody
of other conpone

But ene prel
of water 39
5147 17 9D s
1% of wat er
Ict 3. 16. 9% o
ent s (hi gh

NV Wwater
5% of resi dual

193.0% 1€ ZBA50. 9%
r(? %tO grc: %g?r Fomponents (high

boilers)

The examples demonstrate that a higher conversion 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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30

boi |l ers) The exanpl es denonstrate that a hi gher

O_gpgy,gysi on of isobutene and thus a distillate having a

| ower i sobutene content are obtained in the process of
the invention in which both the 5 isobutene-containing
stream and any water are fed i% bel ow the reactive
zone than in a conventional process. O Z 6147 18
Claims: 1. A process for preparing tertiary butanol by

Claimgt i ng an i sobut ene-cont ai ni ng C4- hydrocarbon stream

with water over a solid acidic catalyst, 5 wherein
t he i sobut ene-contai ni ng C4- hydrocar bon stream and

e f ' .a reactiv distillation col ul
%\% _O\EK/r ot%ﬁsgs rfggc#{éggm%) nge.%_laf.y %H@n?)lrs es ?%f_glgcl & nlg&qtqpe-contammg
Cl@iipdiocarbb stbsth Sith Wiket AP WIBRE 2581 calalYsDY
C4- hydrocarbon stream water and tert-buttanol are fed
i hsraibe reactive distillation colum. 3. The process
as, cl.aibmed in claiml or. 2, 15 wherein an ) )

- B RO EEE SR, & R GRaP A SEER PRlcHAter sare fedy injo @ reacive
" RElIeHoVEJIInWBL Ry ¥ $éachbn 28, di ¢ sol i d catalyst to a
conversion of isobutene into tert-butanol of from 65
to 97% and the m xture obtained in this way is fed
[ ?l%lo t he regac?t.‘%n\é‘z.di stillation colum. 20 4. The
pro&RLeessasdamedin ¢lgimly of claims 1 to 3, wherein a
ClvHaysls ocar bon stream having an i sobutene content of
| ess than 700 ppm by mass is taken off at the top of
t he isabatenewentdingng Ch-diydmoarboh stream 2&afer afdd erpbo@ssiSaraTed into the

i of claine 1 to 4 wher ei n
¢ lrgaalc{lr\‘/aeddllsé]lla%}/x co{umn. '

N

3. The process as claimed in claim 1 or 2,
wherein
an isobutene-containing Cs-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,
wherein
a Cq-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 ény of claims 1 to 4,

wherein
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.

6. The process as claimed in any of claims 1 to 5,
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20

the m xture obtained at the top of the reactive

Oz «g14ll ati on colum is separated into an aqueous
phase and an organi c phase and t he aqueous phase is
returned to the reactive distillation colum. 30 6.
The process as clainmed in any;f clains 1 to 5 O Z
6147 19 wherein the reactive distillation colum is
configured as a distillation colum provided with one
or Whefed ext ernal reactors in which the catalyst is

prgsent .and.thr ough which a secondary. . stream passes. . )

5 A IHEYD Ao golia inanlirasgs ardisillafing coluem Brovided with one
Wh . . o . . . o

064 ARSI RS (A BPSLYRRA s sondury
c astedlagnsppasgsnt ai ni ng reactors integrated into the

distillation section. 10 8. The process as clained in
any of clainms 1 to 7, wherein a honbgeneous m xture

™ 10 7, wherein a homgeneo
i TR Dt 8 e By e bl [h05 0o 2 o i med i n

anyh@tincl ainms 1 to 7, wherein a heterogeneous nixture
is fed intg the reactive distillation colum. 10. The
pribe seastiye distillatiemicolnmariy configired asa distilaion c@l@mn provided with one

R N T e e

reactive distillation colum.

8. The process as claimed in any of claims 1 to 7,

wherein

a homogeneous mixture saturated with water is fed into the reactive distillation column.

9. The process as claimed in any of claims 1 to 7,

wherein

a heterogeneous mixture is fed into the reactive distillation column.

10. The process as claimed in any of claims 1 to 9,

wherein

the isobutene-containing C,-hydrocarbon stream and water are fed in at different points

on the reactive distillation column.



