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Q. Z. 6086 Process for produci ng anhydrous tert-butanol
OZTSEﬁ invention relates to a process for producing
a gdrous tert-butanol (TBA) fromwater- 5 containing
m xtures, in which at |east part of the water is
separated of f by neans of a lrenbrane. tert-Butanol
(IBA) is an inportant product produced on a |arge
industrial scale and is used as solvent and as

Prodetd foi PR adifls hitivdrofis RireBatalol on of methyl .
nmet hacrylate. 'S a precursor for the 10 preparation
of peroxides such as peroxy ketals, peresters or

di al kyl peroxi des having at |east one tertiary butyl
The ivsagion Telates te dripacass Jonproducing aghydseusitentlantaned (ABA) from water-

deniti at f. e-radi.c I tigns. for ex
conare: |ﬁﬁ poi v fHr Pthcia | 8{1%%%1: @%‘%sogle@ KYHE & S??&F%f‘fgg?} g’f’éﬁem of a
membednées as internediate for obtaining pure isobutene

fromisobutene m xtures. Furthernore, it is a reagent
for the introduction of tertiary butyl groups. Its

kali t salts. are strong.bases ich are. .15 .
ter Bl ABA I 1l Rop Lyl ReoBbCaukR 3 e nifisfun) s and is used as
solvedi¥ afl@hs ﬁi_i!erﬁfediaﬁ@fbﬂlfﬁ}lﬁ iratich &héth elﬁﬁcr?ﬁ&{ 98 Glprédirsor for the
the epoxidation of olefins using tert-butyl peroXide.
prepamtiompE petonisles such: asr prroxy ketals; peresters pardinlkyirpeodxidd®/having at least
__the i d- cat zed addi tion of. water ontq isohuteng, ,
one {8 B G T Gulinpee 575t H¥hnithnRog e JaRElpBUPG roeradical

react@ns, FetUstduplé o@ﬁi"}:ﬁ?ﬁéﬁéﬁﬁbn‘zg} hRRnkRRY ©F )}fogﬁnérs.dfi“ﬁz& serves as

. This gives water-confaining TBA These m res can;
intergpegdiatecfon gbteiming purd Babuisne &t istlmitenepmixdures] Ruythsinnge, 6t is a reagent
istillation. inhto,a JTBA water hojoazeot[ope .
for . Ftnaniy S STt b3 S auR it AL Vi SaUt e sang bagps which are
emplBYédin midrsyhikded to its water content, the TBA/ water , L
- azeotropé is not suitable for all uses of TBA. For
exanpl e, the water content of the TBA nust be no
hi gher than, 1. 5%.Db s if the TBAjs, 25 to_ be used
TBA ol £R psemieLP SEaHCa AL SRS O it PRLAITRd 43 ARRIPDeR i e cpoxidation
of oléfRtUfidg BH-tREP PERRRR. PhEMS ' %ﬁm' i
0dev\k_elterg‘: ng opﬁ??BA/_water mglgtmﬂjrofétgl?tr?gl‘ré fgf;%gm?‘l? tion of TBA is the
acid-titelyredt hidjitipnl ofxwater tontm isobutenec hs \desalibed, Fdraéitamplgrin Ullmanns

eof.ropic distillatjong.  using an entrainer. (US 6 166 o
Ency§hgedin,gf lrtisatbheritey 10 Eciiios Pesss 68 03, This pives auder-containing
TBAPTRER SR Burk S, d8pdnlifaldr i ] istillati

- hal ogenat ed'§e ﬁ%r g%apglgﬁés, sugﬁ@ %S:B n%ﬁ?%%\é% rﬁea-iw%lmple distillation
into HTBavwater bomoazeotropecduntuiniap b rié Yabye weightl of Water plus water or pure
| j.qui d-1iquid ext i | ycol s .
TBA. baftillllg to 1|ts UIateI' go)ﬁtern%,c e %‘%A/%a azeotrope is not suitable for all uses of TBA.
For example, the water content of the TBA must be no higher than 1.5% by mass if the TBA is

T

to be used as a component of four-stroke fuels.

- A number of industrial processes are known for the complete dewatering of TBA/water

mixtures, for example liquid-liquid extraction, extractive distillation or azeotropic distillation
using an entrainer (US 6 166 270; US 4 239 926; DD 106 026; CS 148 207).

These processes require the presence of a solvent. Thus, halogenated hydrocarbons such as

~ chloroform, bromobenzene or trichloroethylene are used in liquid-liquid extraction, glycols

such as ethylene glycol, diethylene glycol or propylene glycol or aromatic hydrocarbons such as
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such as ethylené gl ycol, diethylene glycol or

' O.zpsozey! ene gl ycol or aromatic hydrocarbons such as O Z

6086 2 xylenes are used in dewatering by means of.
extractive distillation and n; pentane, nethyl tert-
butyl ether, petrol eum ether “or a hexane/ hept ane
m xture, for exanple, are used in the renoval of
wat er by azeotropic distillation. 5 A study of the
xyleges,are asehin dewaraing by mgainyoff extiactivecdistilidtioarad mspaittne, methy] tert-

buty} fftkr, & 1§ (G s SR Peise hegtanp giw?t 4 ‘tergﬁallll%lq?g}ealllsgg % the removal
ofwﬁfé?ﬁf@ﬁoﬁ%i@ diRdabhows of water (Tat| ana : :

|'ego- Li zon, Emma Edwards, G useppe Lobiundi, Luisa
Freltas dos Sant os, Dehydratl on of water/t-butanol

A Sﬁ%}hﬂ ﬁ}s %y Bt Vap hﬁ?}pxyaehx%ﬁéve Strglgpé %IQWSC that a largely

anh £BlAl n f ci,ence
197 (2002;(%?% )3@%9 rocess S @or&segégarn g'gl% low,” industrially

unacnqﬂdrle ainassbyﬂqmr ofipwaiet I(manmae GAlREHLM0AS Bhfia Edwards, Giuseppe
rC| I avai | abl e g fromSuIzer) Here, the '
%%B dog; 5?}‘3}?&1&3‘3’6@ 10p of whiex-ha@nolmixapes by pemvaporation:
e t o 1o R ee of separa _
com e?t{/“aép(%frﬁgﬂ g% c|-°rs caér]fm?ye u%blé %ﬂ)a)qﬁ%ﬁ’ a'flfcf?P°5$uslgtllca and zeolite

membreaubs, doernabsiMembrme Seiehesi197(2062), 869-319). i s known that
a TBA/water nixture can be dewatered by neans of a

menbr ane. A TBA/ wat er azeotrope is a possi bl e feed. A _
P 0 r ns of a menbrane i
roofn P R Riifion Hr SRR b DeRipIaRET o3ts, uPTics cre commercilly

avallai:le ¢e.gafrad Suldef). Hefd, gl LarFialtoRNepaTRiet OF is Dbfitfed! il Sapor form as
remoyal of water becomes increasi ngly difficult as
permefe. T peHeveohbightdegter o sepsestions pervaparatinguiis tauied out in a plurality of

| t b| 0.b f
memgﬁggrlgn@ﬂgﬁeone gé%%slg?osh Ivvéf 3 ﬁ‘f‘é/iy ;{E nfg’rtﬂ'ﬁol‘:mé;‘tllre can be
dewatapéEbyiineansodtth rﬁ@:thane RTBAAvater ﬁt&o‘ﬁ% e t’hepdEEiBJféri@&P ABilsadvantagc

not 100% sel ectlve for the passage of water, 1.
f dewgtering byt means off 3 mesghsanecis that ¢ompete oxtwirtualli ¢om1ﬂe13 alewatering is

es the di sadvant a t hat t require a
assoc%ft@cﬁ%?tﬁv elé ‘e Frgy consym } mg% pﬂ%ly wate ggeqﬂmes increasingly
deﬁcgit\aE tite WEr Bendehiffatidh d%?é‘a@c%?hﬁiﬁdﬁ&ﬁ ¢ fi v&g«él'\i/tg% ‘not possible

It is therefore an object of the iInvent
by mgansreizp @ienphrmeegl@ne obinge pethawatar) and THBa tueer smill nmlecules and polar,

t TBA. f d .t hat
i 4558 BBl e o B 1 o 1
separ5tedl uifitofdhddYwith the water,

All these processes have the disadvantages that they require a high investment, incur high
operating costs or give a TBA having an unacceptably high water content.

It is therefore an object of the invention to develop a cheaper process for separating off water

from water-containing TBA.

It has now been found that water can be removed efficiently from aqueous TBA solutions by a

process which comprises at least one distillation stage and one membrane separation stage.
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process which conprises at |east. one distillation.
0.z54Rge and one nenbrane separation stage. O Z 6086 The
““invention accordingly provides a process for
separating off water froma tert-butanol (TBA)/water
m xture by a) distilling the 3rBA/ wat er mixture to gi ve
a TBA/water azeotrope and a water-free TBA stream 5
d) separating the water fromthe TBA/ water azeotrope
The lyventian sacobrdinghe provides 4 prepeve far sephuaciag ofd watersirdig a tert-butanol
predom nantly TBA and a stream conpri si ng
(TBA) satsriiais ¥ wat er and recircul ating the stream
o L . TBA t Py .
9 oRlElieg B8 TR RN MRbiY 1 Bl ThAAEe LichlBid il & waterfree TBA
pes&ank) € to produce anhydrous TBA from TBA/ water 10
m xtures. The anhydrous TBA preferably has a residual .
d) wegparatiag thewatepfroppthe TBAGVHemazeptr éy meangef & imapbgane to give a

2Q0 - 800 b i cul ar | ferably 400 -
236 By PR e Pl i S R R SRy waer anc
¢) CRIFRChEEnPIHRERBAN aaﬁlbﬁ%igggmoamhnﬁymmhadfsﬁﬁamfstagg a).

TBA content of from1l y mass to | ess than 600 ppm
by mass are obtained. In specific enbodinents of the

L. inventi as_shown i.n FEi qur and, 3, the TB nt ent :
The gpOGERR, of e Giob ks it Boisiin o Rt abGFes, LORCLER TBA/water
mix#ubaN TRO ARhRPOUCYBABSSferdbly Mas birelall wR&ScdnbaR 0840 PFI00 ppm by
by mass, - preferably down"to 1 ppm by mass. The : '
mas§ rin pertisuiaf 200 e 806G ppmittiyomassaparticulatly prefetably 400 r 680 ppm by mass. As
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contBiktV 6f Fdm AVYE DYSmAK! tPTeR' ek C(fOO‘"‘ﬁ]S’m_""b}ir Bids§ Oité JbMifdll. In specific
top product which is fed to the distillation of stage

embodimeRtsrafites mvendjontdsshown in Figuwetsi2Zomdd, thel B A contant of the water which

nes GRBRrh P B ST WY et it 1By oo by mass
prefa-%bi\%h%_éwﬁtgllzﬁhl B @gdsam of a process variant by neans
0

ich the dewatering of TBA by the process of the
i nvention can be carried out is shown in .Figure 1.

The aquyeous TBA solution, (1) js fe into.the
The gragcess, l%éilﬁﬁ‘ GHERLOD AR | E’E?f.“eéﬁét Pc?p““ﬁ?d‘EFﬂ 8gt’ angaps:
( TBA/ wat er honpazeotrope) is separated in the

menbrane unit (7) into a stream (9) conprising
Prioptee deeilistilation ofistege a))cthe HEBAtwaternm{8)re can be fractionated to give an

_aQueous bottom product and a TBA-containing top product which is fed to the distillation of
stage c). |
Furthermore, the recirculation of the stream comprising predominantly TBA of stage ¢) can be

wholly or partly to the membrane separation of stage b).

A block diagram of a process variant by means of which the dewatering of TBA by the process
of the invention can be carried out is shown in .Figure 1. The aqueous TBA solution (1) is fed
into the distillation column (2). The top product (4) (TBA/water homoazeotrope) is separated
in the membrane unit (7) into a stream (9) comprising predominantly water and the stream (8)
which comprises predominantly TBA and has a water content less than that of the top product

(4). Depending on whether the removal of water in the membrane unit (7) occurs from the



10

15

20

25

30

30 which conprises predom nantly TBA and has a water

' OZ‘@%GN | ess than that of the top product (4).
Z. 5088

ndi ng on whether the renoval of water in the -
menbrane unit (7) occurs fromthe O Z 6086 |iquid or
gaseous phase, the vapor (4) 4s condensed in the .
condenser (5) or condenser (10). The condensate (11)
is returned to the distillation colum (2). Figure 2
liquid e \Waseoup phase sthe vapordi} isicBnddnbédint the coidefss($)Dr cohdenier (10). The
has been separated off is 5 separated in the colum
condensate (1 is whurmse todhecdistilasion colvairyB3) | whi ch | s
conveyed to the colum (2), and water (14). In the
process of the invention as shown in Figure 2, the
FigufBs/ R8I a prReds’ ARRnf &8 whidhOiRe s‘i&hﬁh”(!)t) (Wiith %38 been separated off is
optionally be fed via line (15 into the nenbrane unit
sepafalgd ifFdhe kelumor €2) goiot a JBA/ovaten caz@rdpealld), whisht is agpaveyed to the
car} ﬁae fed IEL‘@ the menbrane unit (7) and the other
colupn (2), and water {If)- i nto the col um (2). Stream (17)
represents a feed to the colum (2) or an opportunity
of bl eeding off secondary conponents. 15 A bl ock
In tlti pgpcess off the ihweritioaraspshoomsth Figutead) theSTBAOWter fizeotrope (13) from
igure 3. The a ueogs, TBA solution (1) is fed into '

colupd 2 aptipnsboyid i ins (13t B raesmpransvaeiiy Fombemnore, part of
the TBAjratds zcbbhe b fiTed b e fEBRIRL e OF BRA GRS can be fed

into fetodhiad (2)el y, all or part of this streamcan also be
fed to the nenbrane separation (7) using the |ines
(15) and/or 20 (16). The top product (4) (TBA/ water

. e h h .
sl TRAZRBISEHER 55 AR BL ) s FRREAS ot Bl seconcy
comﬁé;ﬁ;htsll ate (8) having a water content which is |ess

than that of the top product (4). Dependi ng on whet her
the water is separated off in the nmenbrane unit (7)

A blpGi sk o e brofR AR iSup . iR S cie ey A sotution
)] igrﬁagqﬁmé Boltvh) (125 W REUE B8@n bPr a*s%tt%hf%-gdﬁcﬁ |(1u5.nméaog product (13)

25 aqueous perneate (9) which has en separate
(TB Aivfaterhonmazéatrept) iy fisbvia dine (13) ta theodistdlatios cobmon(®). Alternatively, all

col 12). A bleed streamcan be taken gff via line '
or paghof B8 i eaf gioe DR deshio e mrer-senaaen Coonpe D lpes (15) andvor
{vﬂ;’ Lt otk i 1a] :
(lﬂ-ﬁ%@n@? g%&utwg e of 5621}1?} se _c%n'p %’glnst%p%l%&g l%ltg(?lfﬁ.embme unit (7)
into a stream (9) comprising predominantly water and a distillate (8) having a water content

- which is less than that of the top product (4). Depending on whether the water is separated off

in the membrane unit (7) from the liquid or gaseous phase, the vapor (4) is condensed in the
condenser (5) or condenser (10). The condensate (11) is returned to the first column (2). The
aqueous permeate (9) which has been separated off can optionally be recirculated to the second

column (12). A bleed stream can be taken off via line (17).

Customary components such as pumps, compressors, valves and vaporizers are not shown in

the block diagrams, but are of course components of a plant.

The variants shown in Figures 1 and 2 are particularly useful for the work-up of TBA/water

" mixtures whose water content is less than that of the TBA/water azeotrope. The water which



10

15

20

25

30

30 The variants shown in Figures 1 and 2 are

O-Z-EH%%FI cularly useful for the work-up of TBA/ water

ures whose water content is |ess than that of the
TBA/ wat er azeotrope. The water which O Z 6086 5 has
been separated off contains ub to 10% by nass of TBA
in the process shown in Figure 1. This process is
advant ageous when this stream can be utilized as such,
has h&dh sep@itel @ fPsontA8¢lup 8 0% HyothadshsT TB A e it prB&es9 khovBihin Figure 1.
_by addition of water onto isobutene. On the other
Thishpreeess tit edvaptageans whem s istresmh gan be tiliged dy swrha feroexample as feed

r the dewateri TBA..m xtures havin high. 5
stocl 3 h8 ScrBion ot oy Fodily e Wler 108 o plene R dhegher hand, the
varidit Sh\0R B8 Fifue 3 i) advaBitaREARSRS tHef dewiferind\GTB A hixfld& having a high
dewat ering of TBA is carried out by a Conbination of
wategiicontenia bt thiswaridit af leash two nolanuks areseepessaryi on over a
-menbrane. 10 The renoval of water fromthe water/ TBA
distillate by nmeans of a nenbrane occurs by reverse
, O DY R X | o
n prfef gésgk?lﬁ‘)?ﬁ %@va%t?dvég%ér gﬁ%ﬂ% %Elﬂépigl stil Iet%al%tg? a combination of at
leastymeaiisidlation amha sgpamatioh pverapmempenaeat i on ( gaseous
distillate; gaseous perneate). Furthernore,
si mul t aneous pervaporation and vapor perneation are .
The PRV AP bfwatkP & ke T Bkl% AisBRME by mdIREBE ARembRe J¢8&H by reverse
or separating off water by pervaporation or vapor
osmpss riliquid odistilldtes Hquidnpdrenepts)),y preferabdpibya pesvaporation (liquid distillate;
i nor gani c ranes. In th rocess. of the invention

gasepys P"é’%%@l;gg % V4ngr pemneafign ?@§%| tiligey g?ﬁ@?umwatﬁl:?urthmoré,
. : Sophi st t ed
sim{a88us PehvaBOraliOH Bl fepor blinfdatiog gredoRiidl SoPTI L1 oo @

2201, Pervap 2202, Pervap 2510 from Sul zer or

2S-DP-HO18 from Sophisticated Systens. As i norgani C .
Comppsteirk Regrophific e pes peedufos sepaspting, gHpWater Sypervaporation or

vapcg%ﬁ&ggg‘nﬂ(%ﬁm %@Mggﬁmé BE%8L GiGifdreatid th | or

nmoval of water ~according to the
invention is carried out in the tenperature range from
20 25 tq 200C over the ingrganic nmenbranes and in the

In thecprgegsstof the nyepdon, ibip pessible ouse, frcsxarmpie, polwmes membranes from

suzfE Oy, CAPCRIE! (G5 ORI bhhE SR (B3 nide  membrane).
Exampleb e iPer@pt 2201, Fehpp22025 Weevapl 25 106 fioiS Bulzeabe 2660P-HO18 from

to.the nenbrane unit (Iiquid, . . _
Sophisticated Systems. As inorganic membranes, it is possible to use, for example: SMS

(Sulzer Chemtech); Silica (Pervatech); NaA (Mitsui or Smart Chemical).

The removal of water éccording to the invention is carried out in the temperature range from 20
to 200°C over the inorganic membranes and in the temperature range from 20 to 150°C over
the polymer membranes. A preferred temperature range for both types of membrane is from 60
to 140°C.

In the process of the invention, the pressure of the distillate fed to the membrane unit (liquid,
gaseous or as a mixed phase) is from 0.5 to 30 bar, preferably from 0.8 to 20 bar. The pressure

on the permeate side of the membrane is from 0.001 to 1 bar.
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30 gaseous or as a ni xed phase) is from0.5 to 30 bar,

' Ongo%%erably from0.8 to 20 bar. The pressure on the

perneate side of the nmenbrane is fromO0.001 to 1 bar.
O Z 6086 In the case of polymer nmenbranes, the
differential pressure is froM0.01 to 20 bar, and in
the case of inorganic nenbranes is fromO0.01 to 30
bar; in particular, the differential pressures are in

In thehmse afipelyfenmeibames; the diffeFbatial st S\rém®.Of to 20 bar, and in the

H)g‘r neat e per square neter of nenbrane surface per
case

dRoreamc ff#ea}hr@lei lﬁt Bomd@. Q130 bar; sy nartiqudas) therdifferential pressures are

in ﬂ%ollél %I nsHﬁ eys]g %a%seﬁ%?cge %F' QL a er gﬁgrlegrg%ter of membrane

surfch ager SHEUPY isTRSHm 0 1vaf ¥ 0 PGP Ay lpeerfémb fﬂfnﬁr ﬁttbys |kg§§2/h The water
than 3% by mass, of TBA. This perneate, e.g. (9
sepapgtef pf ag pemtqo@n@@wiess thendQ mass, in parpicalat lesmthan 5% by mass,

reacti f water with
very SRR e bl e B R R AR BT o T Y e, 10
O:hervmse |t can be fed into the second distillation
colum, e. (12) in Figures 2 and 3. The retentate

'Ihxscmrmpate,de af (ﬂ%rmtlhgumelrmaarim geedafat éxamplegdn adplaetnihi wglch TBA is

menbr an wat er conte t of. from10%p
prepfiRd O sREGOR R BAdiaid spBicEhe.ory Bt geuane mixture,
Othé% B4R A ,
B, oAt Doy R it Rt ?WP i Pignecs 2 gnd 3.
carrl ed out in colums cont aining internals which
m packl ng

The EEReHRSE SBiains i leu A brafe SHHEAPRdES ACPEBHOR AR fhepambrane type, a
watet B6ntbRY &%{H‘JO‘WB %1@5 @o @Q?gtrhb%gnass, }E@‘E@bgfﬂ%‘ﬂ%ﬁﬁng gﬁass to 500

or slotsmthepate Tra I ng

ppmibyinadss, partcutaslyqrefdrably foorotd te 059 byamass.ne | i ke. -
Trays whose plate has hol es covered by novabl e val ves.:
Trays havi ng special constructions. 25 In columms

The %ﬂa@igné aishﬁgtldnn Bfed oult Iﬁ?cﬁlﬁﬂﬁ@%nthﬁnﬂ% %gbgﬁaélt% which comprise

Spr aye nmeans I‘Ot ati ng runne or s

 traysf rdtartmg\mﬂenmlshmtlem packiag aad/r bnderesdpacking. a rotor.

I rregul ar beds of various packing el enents can be
~enployed in the colums used in the process of the

In the Eéé@%"fb&{ﬂfm Y, n?ﬁ’lﬁm%@&*e%é@l ly any materials,

stee ess copper, 30 car bon,
- Tsraysrlmmgémlqsmsletsanmhepihass pl astics, etc. and have
- ~various shapes,  e.qg. heres, ri ndgb
- Trays having necks or chmmeys which are covered by bubble caps or the like.
- . Trays whose plate has holes covered by movable valves.

- Trays having special constructions.

In columns having rotating internals, the runback is either sprayed by means of rotating funnels

- or spread as a film over a heated tube wall by means of a rotor.

Trregular beds of various packing elements can be employed in the columns used in the process -
of the invention. They can comprise virtually any materials, e.g. steel, stainless steel, copper,
carbon, stoneware, porcelain, glass, plastics, etc., and have various shapes, e.g. spheres, rings

having smooth or profiled surfaces, rings having internal struts or openings through the wall,

- wire mesh rings; saddles and spirals.
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“having snmooth or profiled surfaces, rings having

' i nternal struts or openings through the wall, wre
OZ{@ _ p g g

R ri ngs, saddles and spirals. O Z 6086 7 Packing
havi ng a regul ar geonetry can, for exanple, conprise
nmetal sheets or woven nmeshes.7 Exanpl es of such
packi ng are Sul zer nesh packi ng BX nmade of netal or
plastic, Sulzer |anella packing Mellapak nade of '

o . i - f i . - '
Packifif BhviflFh Rteullh GOTREY ool T EGoBAC CoRrisd il Shilks dfioven meshes.
Examuplet 2f( 86 paakitig Kire [Bulzef Roeshoparking BXTimade of unatalwhi plastic, Sulzer -

teracts.with _the nenbrane unit and from which t he

lamelf3rpaskige Meilapaks mage ok sheels matal ik -prtpmaage packing such as Mella-

palafESied #RGchE Bl Per ptf i IS IR (Rombopal)
~conposition of the feed. When a TBA/ wat er azeotrope is

fed in, it is preferably introduced at the 1st to 59th ]
The cplugmewhick) infsraptse with ihp membrancaynit end Femy whichghe aghydrous TBA is

t.h et | I ount ed . from t he. t . T .
ke S ATARE ik Sty AP HPHES B0 T AP a8, hoortica
plates0TRéfeed Plate AERRAY on the ddaipobitivh AF tHerfeed, WhdnOa TBRARMer azeotrope is

The reflux ratio is in the ran;[g fromO0.2 to 10, in

fed ipaittis praferablyriswednced abthe, 1st ts59th dhensetisabipleiss imoparticular at the 1st to

2o el OB AR Mlhe by ™ T Dot eular from 7 to
20

theoretical plates. The feed plate depends on the

cbrrp(_)siti on of the feed. For exanple, at a water- o :
The epgreting pretsusnobthy firt selumntis from (6 to 3 barmbat (BARA), isparticular from

Lo 4 RER R i PR Ao LBl B8 o
carried out at subatnospheric pressure, atnospheric

pressure or superatnospheric pressure. A preferred :
The peasnd wptional gl forowhhoeger &5 takenBaiRas bottomeprodunt ipseferably has

o351, 95 g AR . RO 658 s s o e

comPUSRIGHSS (BE feelSFIrRURRPIcOR: LA BePortR S b0 Hasd it i Mtroduced at the
inary water/ TBA m xtures to give anhydrous TBA, at

1st te22m} theomatienl ppiaté (onunted fimm the top)e TBAI wat er azeot r ope
advant ageously according to the variants shown in
Figures 1 and 2, otherw se advantageously according to-

The kéRoval ¥F i@sﬁ&r #'@¢ebshd EdlthE cAn be carried out at subatmospheric pressure,
atmospheric pressure or superatmospheric pressure. A preferred pressure range is from 0.025 to
3 BARA, in particular from 0.05 to 1.2 BARA. The reflux ratio can be from 0.2 to 20, in
particular from 0.5 to 10.

The process of the invention can be used to work-up any binary water/TBA mixtures to give
anhydrous TBA, at water contents lower than in the TBA/water azeotrope advantageously
according to the variants shown in Figures 1 and 2, otherwise advantageously according to the

variant shown in Figure 3.

Mixtures containing high boilers (substances having a boiling - point higher than that of the
water/TBA azeotrope) in addition to water and TBA can advantageously be worked up by the

process of the invention when the high boilers do not form an azeotrope having a boiling point
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30 M xtures containing high boilers (substances having

' a iling, point higher than that of the water/TBA
ozl

trope) in addition to water and TBA can

advant ageously be worked up by the process of the

i nventi on when the high boil&s do not form an

azeotrope having a boiling point O Z 6086 8 | ower

than that of the water/TBA azeotrope with water and/ or

- . ’ e L ah

o O P Bo OB W s AR L T 1 48 anbydrous
TBA corjainmngphigle bailas is dhoainerk Jin eanboptidhaity bd ewbiked upAs give pure TBA,

Ve hown in the figures, a _substream can

al t er nat as
for qramplety disligtion; AS AR AliEBafithe o5 SIVER LN 1F DRSS, HBIErN can be bled
ff t9 ré leMohithEof HI2 5 containing |ow boilers :
? t(éudggggﬁrﬁs&hgﬁﬂ%ﬁg&gﬁl ing point |ower than that of

the TBA/ wat er azeotrope), e.g. olefins or paraffins

such as.C4-hydrocarhons, in addition to TBA and water
In pringiple ymities copteningdew hoilgrs (Rebstangesdipvingea hrilieg:painblower than that

o AR g A5y Oy, s

TBAbargiwatef camdn tprinciplesdlso, belWorkea dp By thedproesss @ thelifivanfion. Since in this
advant ageous to separate off the low boilers in a

case fhe [qVbREeTy acenmupteiin the distillatecpast of thiehasy ockeskled off erntinuously,
' 0 y BA Solut | .
o R R YN MRS oo

suchcidagé.ned in the addition reaction of water with 15

i sobut ene-cont ai ni ng hydrocarbon streans. The
advant age of the process of the invention is that

mhe G856 UL Sl 8 55 o veions

sourte@yvf@mexaaple Ahaesistdrade TBA bheirfed! nowenaidaich RlaBSon of water with

. illustrate the invention without restricting its scope
isobyippe-ppntainipghiydrogarbpsy stegpmsdescri pti on and the claims. -
Exanpl es: 25 Exanple 1 The production of anhydrous TBA
was carried out in-a plant of the type shown in Figure

The ddvahiti@e ofl iy Wbedss of tHelifvdntiontis At h@boﬂ@ﬂﬁomm’ﬁl&@ gard b€ dewatered
di aneter of the second colum was 50 nm The first

withews|losses efmategal; withewtuse af apausiliary aad withedawteneizyconsimption.
packi ng and the feed was
The following examples illustrate the invention without restricting its scope which is defined

by the description and the claims.
Examples:

Example 1

The production of anhydrous TBA was carried out in a plant of the type shown in Figure 2. The
diameter of the first column was 80 mumn and the diameter of the second column was 50 mm.
The first column had 13 theoretical plates as a result of metal packing and the feed was
introduced at the fifth theoretical plate. The second column had 10 theoretical plates as a result

of metal packing and the feed was introduced at the fifth theoretical plate. The feed was

. composed of 9% of water and 91% of TBA and was fed into the first column. The vapor
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introduced at the fifth theoretical plate. The second

04 mn had 10 theoretical plates as a result 30 of
O'an% packi ng and the feed was introduced at the fifth

theoretical plate. The feed was conposed of 9. % of

wat er and 91% of TBA and was %ed into the first

col um. The vapor O Z. 6086 9 perneation was carried

out using a Sul zer 2202 nenbrane from Sul zer The
perridaiiBA Wak CARRE Dut Bsing B Sufet ﬁiﬁ)ﬁ' HémbaRe oMy ﬁfgﬁm numbers in

as in Figure 1. Stream Mass flow Concentr at |on of
thefﬂilnmblemdéscsamptasmfﬂggfem conmponent to be s arated

of f 1Fresh feed2.2 3Pure TBA (bottons 1.99100 ppm by

mass of water from colum 2) 6D| stillatel2.9

Sirgati ;rte ﬁ%oﬁ%er i bbﬁ@én%%ﬁéﬁ Sftﬁe? zd of f
_m%%&g{ % ] of k% m

ot t ofrs 0.21490 ppm by 1%%“’?? 12)
1411+ REead t.g--columm 2'1A 89 scparae 0

1 Fresh feed
3 Pure TBA (bottoms  |1.99 100 ppm by mass of water
from column 2) '

6 Distillate 12.9 _

9 Permeate 022 3.7% by mass of TBA

11 Retentate 12.68

13 Distillate | 7 0.01

14 Water which has been 1021 490 ppm by mass of TBA
| separated off (bottomé

from column 12)

1+11+13 (Feed to column 2 14.89

The pressure of the distillate stream (6) at the membrane was 1 bar and the pressure of the

permeate (9) at the membrane was 0.055 bar.

Example 2
The production of anhydrous TBA was carried out in a plant of the type shown in Figure 3. The

construction of the columns corresponded to Example 1.

The feed was composed of 60% of water and 40% of TBA and was fed into the second column.

The vapor permeation was carried out using a Sulzer 2202 membrane from Sulzer.
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' t
o.z]o

i 5 The pressure of the distillate stream (6) at
menbrane was 1 bar. and the pressure of the
0. 055 bar. Exanple 2
. The production of anhydrous TBA was carried out i

plant of the type shown in Fil§ure 3. The 10

construction of the colums corresponded to Exarrpl e 1.

The feed was conposed of 60% of water and 40% of TBA

ate (9) at the nmenbrane was

Stre@d

neation was carried o i ng
(ebs o okl

Cone
AT

ezt desthbtion N SAERARGIGWPT UN

ane from Sul zer 86 1

hntao ot AN ~f + hA lrﬁ\or Qf e

Eirwiia

,§,¢parate<il o 053 fl

n a

ow

by

I desct F‘ﬁjfhu@ﬁﬁkg}lhl coFrp éewt to be [s ar at ed off | Fjesh
3 gg_eg i Wfrorlnb/ggl ﬁﬂnhﬁ?io 26 9Ferr5?€§{be’>3‘.ﬂ§§g".f0%
mass| of TBA 11Ret enat 9. 93 13D stliwdtat € from col i
2.56112 1lAWater which lhas been.3 35500 ppm hy nn$s of
6 sepaflistiBatefiompeolumn 8HdOR6t 0 col ym 125. 91
9 Permeate E 0.33 3.0% by mass of TBA
11 Retenate 9.93
13 Distillate from column | 2.56
12 |
14 Water which has been 3.3.5 500 ppm by mass of
separated off TBA
1+9 Feed to column 12 591
113+11 Feed to column 2 12.49

The pressure of the distillate stream (6) at the membrane was 1 bar and the preSsure of the

permeate (9) at the membrane was 0.055 bar.
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13+11Feed to col um 212. 49 The pressure of the

OZ?Ré'llate stream (6) at the nenbrane was | bar and

pressure of the perneate (9) at the nenbrane was
0.055 bar. O Z 6086 11 Cainms: 1. A process for
separating off water froma tert-butanol (TBA)/water
m xture by a) distilling thel TBA/water m xture to give
a TBA/water azeotrope and a water-free TBA 5 stream

Claiay: separating the water fromthe TBA/ water azeot rope
y

means of a nenbrane to give a stream conprising
predom nantly TBA and a stream conpri si ng

1. R BsaRLR HetuhiE ol ol s olanl ARt py
Ht afigtilBag thtTHA whbe rﬂkﬁﬁr@ fos%ﬁé a GTE /WRAr hiboﬁ'o% Eﬂ@%water-ﬂee TBA

wherein, prior to the distifTlation of sta
TBNtlmlner m xture i-s fractionated to gi ve an -aqueous

ottom roduct a T nt ai ni n p produ t which )

s saye Ed"ﬁé"’ﬂa?f ied maf‘%%? Waes 3560 s ragans o Fa pygambrane to give a
pr '
oot R RePOInENE) ThA i treaWehiflie Wedqminantly water
TBAmdn stage c) is wholly or 20 partly to the

ation of stage 4. The process_as

BT PHB AR A SR R BRSE Tetapina Ao thecisiliabanot stage a)
conprising predonminantly water fromstage b) is

fractionated to give a 25. TBA/ water azeotrope and

.'Iﬂmwoceamabdﬁmeawma; azeotrope is recirculated to

the . distillation of stage a) and/or to t he nmenbrane
Whsseifat i on of stage b).
prior to the distillation of stage a), the TBA/water mixture is fractionated to give an -

aqueous bottom product and a TBA-containing top product which is fed to the distillation
of stage c). |

‘.

. The process as claimed in claim 1 or 2,

wherein

the recirculation of the stream comprising predominantly TBA m stage c) is wholly or

partly to the merhbrane separation of stage b).

. The process as claimed in any of claims 1 to 3,

wherein
the stream comprising predominantly water from sfage b) is fractionated to give a
TBA/water azeotrope and water and the TBA/water azeotrope is recirculated to the

distillation of stage a) and/or to the membrane separation of stage b).

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

wherein

the membrane separation of stage b) is carried out by pervaporation.

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



5. The process as claimed in any of clainms | to 4,

0.7 in 30 the nenbrane separation of stage b) is

““carried out by pervaporation. 6. The process as
claimed in any of clainms 1 to 4, O Z 6086 12 wherein
the membrane separation of sfage b) is carried out by
vapor perneation. 7. The process as clainmed in any of
claims 1 to 4, 5 wherein the nenbrane separation of
stlegenb) is carried out- by vapor perneation and -
pervaporation. 8 The process as clained in any of
dheymprabrang geprratioad staige b) 5 camied\oat by vapos pemsatin.r eam
obtained in stage a) has a water content of 10-5000
ppm by rmass. 9. The process as clainmed in any of

7. dlheiprdeds ds¢ldmed W @tyedfitlaims iR 45t ream conpri si ng
predom nantly water obtained in stage b) has a TBA
dwramt of from 10 to 0.5% by mass. '

the membrane separation of stage b) is carried out by vapor permeation and pervaporation.

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

the water-free TBA stream obtained in stage a) has a water content of 10-5000 ppm by

mass.

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

the stream comprising predominantly water obtained in stage b) has a TBA content of from
10 to 0.5% by mass. |



