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is defined as the ratio of the interfacial activity coefficient of the
conponent i tAoprbbeduraivbichds frequently practiecingfiduistry éotthe beparation of close-boiling

, systems, viz. systems having a separation factor of smaller than about 1.2, or
C azeotropic systems is addition of a selective additive, known as an entrainer, in an

30 extractive rectification. A suitable additive interacts selectively with one or more of the
components of the mixture and thus influences the separation factor so that separation
of the close-boiling or azeotropically boiling components of the mixture is made
possible. The overhead component is the component which has a-lower boiling point in
the presence of the entrainer, and the components which have a higher boiling point in

35 the presence of the entrainer are present in the bottoms.

A measure of the intensity of the interactions of the entrainer with one or more of the

components of the mixture is the selectivity. The selectivity is defined as the ratio of the

interfacial activity coefficient of the component i to the interfacial activity coefficient of
40 the component j, with the components i and j being present in infinite dilution in the
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i nvention, ionic one

charge &Rd XBCosiysTheyhavRaight 9%’ enteansbilitiog @ra\}@’eamurr@leée&qrgelam y
neutral and imvgaric amd poipgeripsibstarkes.ow 200C, preferably bel ow 100C,
particularly preferably at ambient tenperature. 35 The ionic liquids can
al so have a isurallty of  positive or, negative charges, for exanple from1l
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__ In addition, ionic liquids are generally nonflammable, noncorrosive and have a low
C, viscosity and also display an imperceptible vapor pressure. For the purposes of the
30 presentinvention, ionic liquids are compounds which have at least one positive charge
and at least one negative charge but are overall electrically neutral and have a melting
point below 200°C, preferably below 100°C, particularly preferably at ambient
temperature.

35 The ionic liquids can also have a piurality of positive or negative charges, for example
from 1 to 5, preferably from 1 to 4, particularly preferably from 1 to 3, very particularly
preferably 1 or 2, but in particular one positive charge and one negative charge.

7 The charges can be located in various localized or delocalized regions within a
40 molecule, i.e. in a betaine-like fashion, or be distributed over separate anions and
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sul fur or ox?’@erY‘"fé‘t'@?’rF ligrigls are-A1$Q EQHCSWPVepreferabl y corrpounds havi ng one or
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C - having one or two nitrogen atoms.
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Particularly preferred ionic liquids are those having a molecular weight of less than
1000 g/mal, very particularfy preferably less than 350 g/mol.

Furthermore, preference is given to cations selected from among the compounds of the
20 formulae (ia) to (iw),
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R+-i-R3 RI-P-R3 Rz RZ C(v) (W 5 and.also oligoners and pol yners

conpri si ng t B&&F Aktiengeselschafihere R, BO030831 R4, R5, HE54r8A DY are ggg%m
i ndependently of one another, C -C 6-alkyl, 10 C2-C18-al kyl which rna)z?
interrupted by one or nore oxygen and/or %ulfur atons and/or one or nore
substituted or unsubstituted imno groups,” C6-C, 2-aryl, C5-Cl2-cycloal kyl or

a five- or six nber eR7 oxygen-, gii trogen- and/ or sul R3¥r- coRgai ni ng
heterocycle or tio of Ahem together\forman unsaturated,\saturated or
aromatic ring whi b= be interrupt ¢gf~Ny one or nore oxy and/ or sul fur
atons 15 and/or ofie 3} nore substitufed\Wr unsubstituted/i m No groups, where
t he radi cal sR3reEN d my eaclgs M~ped by fR I RBps, aryl,

al kyl , aryl oxy, alkyl oxy, hal ogen, he efbat ons and/ or ocycles. In
addition, Rl, Rz, R4, R5 and R6 cah al so be hydrogenR1CéQ7R7 can al so be
C, - C16- al kyl oyl (aﬂ%@lcarbonyl), Cl1- CIR al kyl oxycar bonyl " -C, 2-cycl o-

al kyl carbonyl or C6-Cl2-aryl oyl (arylcarbonyl), where the radicals nentioned
may each be substiguted by functionalitygroups, aryl, al kyl{u)aryl oxy,

al kyl oxy, hal ogen, heteroatons and/or heterocycles. 25 In these formul ae,
BASF Akti engesel | schaft 20030511 PF 54784 DE 2 FEB 2007 6 C1-C18-al kyl

whi ch may be sub®ituted by functionRF groups, aryl, alkyl, aryl oxy,

al kyl oxy, hal ogen} ..het eroatonms and/ o ég?terocycles is, for exanple, nethyl,
ethyl, propgh—i pppyl,l%kﬂﬂg{__% -Rgutyl, tert-butyl, pentyl, hexyl
heptyl, octyl, 2-pthyl hexyl, 2,4, rimet hyl pentyl, decyl, dodecyl,
tetradecyl, heta ;yl, oct adecyl, 1, -di net hyl 5 propyl,

1, 1-di met hyl butyl®™" 1,1, 3, 3-tetramet hiN butyl, benzyl, 1-phenylethyl,

2 phenyl et hyl , a, a-di net hyl benzyl, benzhydryl,
p-’onInethyI,1-&p-buty|pheny|)-ethy| p- chl orobenzyl, 2, 4-dichl orobenzyl,
p- met hoxybenzyl , Hlethoxybenzyl, Z-JV'noethyI, 2- cyanopr opyl ,

2- met hoxycar bonyl et hyl , 2-et hoxycarbonyl et hyl , 2-but oxycar bonyl propyl ,

1, 2-di - (pethoxycarbonyl)ethyl, 2-nmethoxyethyl, 2-ethoxyethyl,

2 but oxyck hy 0 G ORGHYRIE EHY PO TRt STUCSE: ol an’ 2-y1

1, 3-di oxan-2-yl, 2-nethyl-1, 3-di oxol an-2-yl, 4-nethyl- 1, 3-di oxol an-2-yl,
2-i sopropoxyghdl . 2- but oxypropyl, 2-octyl oxyethyl, chloronethyl,

R", R? R® R% R% R® and R are each, independently of one another, C;~Cig-alkyl,
10  C;-Cyg-alkyl which may be interrupted by one or more oxygen and/or sulfur atoms

and/or one or more substituted or unsubstituted imino groups, Ce~Cyz-aryl,
Cs-Ci>~cycloalkyl or a five- or six-membered, oxygen-, nitrogen- and/or sulfur-
containing heterocycle or two of them together form an unsaturated, saturated or
aromatic ring which may be interrupted by one or more oxygen and/or sulfur atoms

C 15  and/or one or more substituied or unsubstituted imino groups, where the radicals

’ mentioned may each be substituted by functional groups, aryl, alkyl, aryloxy, alkyloxy,

halogen, heteroatoms and/or heterocycles.

In addition, R', R?, R?, R* R® and R® can also be hydrogen.

20
R can also be C,—C,g-alkyloyl (alkylcarbonyl), C,—Cs-alkyloxycarbonyl, Cs—Co-cyclo-
alkylcarbonyt or Ce—Cip-aryloyl (arylcarbonyl), where the radicals mentioned may each
be substituted by functional groups, aryl, alkyl, aryloxy, alkyloxy, halogen, heteroatoms
and/or heterocycles.

25

In these formulae,



.2-chloroethyl, trichloromethyl, trifluoronethyl, 1,1-dinethyl-z-chloroethyl

2- et hoxy- | SASRAktiengessiisehafet hyl , but gPOINDtet hyl, 2-BBS4284 DEi oet hy, B 2007

2- phenyl thioethyl, 2,2,2-trifluoroethyl, 2-hydroxyethyl, 2-hydroxypropy q

~3-hydroxypropyl, 4-hydroxybutyl, 15 6- hydré)xyhexyl 2- am noet hyl ,

2-am nopropyl, 3-am nopropyl, 4-am nobutyl, 6-am no- hexyl,

2- et hyl am n@feﬁwalmwmrmsam shysiitutsd by Binntisriay braubs ayloaligyl, arglorgt hy! -

a:;)lmdnobﬂ1 y: Rk é?phstévdatoras dhdrst ﬁétér’b@}/a&e%hﬁbt ex&ﬁﬂb nfe.ra{wi @mynopr opyl ,
i met hyl am n o I e

2- hydr oxy- 2, PEORY r'rg‘%hﬁ é’trh ?‘y ?1'&'0%“%%1 \é atg?o ethylhexyl

3- phenoxypr ofy4- tmn@mln@ahy dewl oﬂ@cxértpﬁétﬂwyhetagﬂecy! zoqmatv 9étmmethyl-

2- et hOXYBroFE)Yéng 3, T nRpiyIRE pyh,s ﬂatdﬁmw&ufrlyﬁenzyﬁ‘lfﬁﬁ%hﬂéﬂ‘lbﬁmﬂhenylethyl

2-eth hyl h b
6- ot hoxy hexy oG ett@:@%ﬁ%@ﬁwﬁﬁ?t RHABEBE Hn T RBE A i onreiprooepre
oxygen and/ o2,4dichiorob&nytsp- nmcamhierayl onethoxybhepryd, 2-ayanoethyt, @dcyanopropyl,

uns ”3?2 it ug ed. maihasey&fm%t 12- étﬁéx;f%é?%ﬂ Binyl, 2: ButslhesbolyIBAPE R
ydr oxy-

7 hydr oxy 4. SREiG Exag%?bfywe%\y PARERE et e hBITE 258 it dptommety,
t r i oxapeffaddalsphoxyethiyly drlegigxdarsah drndrioxant2tyy d-oripyb1. 3aliexckinel-yladaesthyi-
ilnen; P%y 31@(&9%5;5{J2ryl &-@Bﬁ,r’@gé»g}re&yﬁidmesﬁg 2-octyloxyethyl chioromethyl,
X , U

AT S et e i e QR TR ﬂagggﬁ 2-methoxy-
9- net hoxy- 5- mmyy|2-et_thxyﬁti‘ryh@Wﬁ@owityka&@deéﬂwthyl&@h biogthyk apent y |,
8- eteh ggijy 3OQ-212~@KI@oﬁieYHyl 2lﬁycm)b@wf @af@,d%)@bﬂo@ylalWGQMB/propyi 4-hydroxybutyl,

S et hox Qé 4 ?%PCE ?{/he 1} Swﬁg ﬂ*%n {);ﬁféﬁ}y r%yf 4-aminobutyl, 6-amino-
14 et hoxy- 5, x?erf‘@myéﬁim%?ﬁhy qtipyl %WOP@BV%QT@HM?W{@PMW@44{'??8%
radi cal s t ogeirirsbutyé,r6-hmethly|abnipotepyl, erdimethyldadindeytyé rdsdimethylaminopropyl,

2-oxa-1, 3-pr

> oxa 1. 3. prg‘?ﬁfrln@ Iknlﬁéjﬁo;ﬂylgﬁﬁ* l:g"ﬁﬂo n%l Sflna%tgylim?oheéyl 2- hYdrméy

1- C1- A al ky PAdiEmpiiethyl op- BB%rﬁ{}V%tﬁzé' Phanexypeeryl, 3- Rhe@wﬁ)rosﬁrh -phenoxybutyl,
1-aza-1, 29 buﬁaaHen@xydhexylyZmﬂhmaye@thanéihdemwl 13;1Betthorypromhet- n’BtkﬁEybutyl,

Akl engesel | achiabbnHRIA0BLindReRA B4uRhhobiCs SR terdp il EclRinly o OxygCn
and/ or sulfurngqt]orTE @"rﬁﬁtdr I M no groups 1s not subject to any” restri ctlons.

I n general nore than 5 such atons or groups in the radical,
preferably not nore than 4 and very particularly preferably not nore than 3.

5 Further nor @ ct:n%n@ \Mﬁcig ul.tgrra;steh 8a%he @F‘ﬁ:o?@é RRn2hedr stifeltsmdl v at
| east tw? R&p e sn.g;\'\ﬁtuge orfyu L\,'%E'E{-ﬁ%qe a t ons. ss%gft I tut d and
unsubst i £at ea Hfﬂ% 8 '5'8{?3 4 orugs KNG GROURS 1S, JaF RFpID
i sopropyl i mi Adydrexy-grapentyb Sdrydraxyt3. Gdioxaoatylndl-hydroxy-3,6 9-trloxaundecyl
7-hydroxy-4-oxaheptyl, 11-hydroxy-4,8-dioxaundecyl, 15-hydroxy-4,8,12-
- trioxapentadecyl, 9-hydroxy-5-oxanonyl, 14-hydroxy-5,10-oxatetradecyl, 5-methoxy-
C; 3-oxapentyl, 8-methoxy-3,6-dioxaoctyl, 11-methoxy-3,6,9-trioxaundecyl, 7-methoxy-
30 4-oxaheptyl, 11-methoxy-4,8-dioxaundecyl, 15-methoxy-4,8,12-trioxapentadecyl,
9-methoxy-5-oxanonyl, 14-methoxy-5,10-oxatetradecyl, 5-ethoxy-3-oxapentyl, 8-
ethoxy-3,6-dioxaocty!, 11-ethoxy-3,6,9-trioxaundecyl, 7-ethoxy-4-oxaheptyl, 11-ethoxy-
4,8-dioxaundecyl, 15-ethoxy-4,8,12-trioxapentadecyl, 9-ethoxy-5-oxanonyl or
14-ethoxy-5,10-oxatetradecyl.
35
If two radicals form a rin'g, these radicals together can be 1,3-propylene, 1,4-butylene,
2-oxa-1,3-propylene, 1-oxa-1,3-propylene, 2-oxa-1,3-propylene, 1-oxa-1,3-propenyl-
ene, 1-aza-1,3-propenylene, 1-C;-C,-alkyl-1-aza-1,3-propenylene, 1,4-buta-1,3-dienyi-
ene, 1-aza-1,4-buta-1,3-dienylene or 2-aza-1,4-buta-1,3-dienylene.



-10 Furthernore functi onal groups are carbox I car boxam de, hydroxyl,

di (Cl- C4- al kyBA8FAktiengeselisghaftiy| oxycar 29839511cyano or PE-54484DEy| oxy; £ ¥y
Co-Cir-aryl which nay be substituted by functlonal groups, aryl, alkyl;

.aryl oxy, alkyloxy, hal ogen het eroatons apd/or heterocycles is, for

exanpl e, phenyl, tolyl, xy a- napht hyl , p napht hyl , 4- dlphenylyl

chl or opheny! , Théi 4w W@E}HWP a"ﬂﬁ"éH’f‘ﬁ@@ﬁ'ﬁ%ﬁW or iMing gieuPY sk gubject 10 any

met hyl phenyl , regliriotidnay inajeseydl,, thérei are hbyplecthsh 5 sebﬂﬂyioﬁ’fmsdroup%(]n the radical,

di et hyl phenylprefeﬁgb%&ﬁ%&—g‘?ﬁ% aﬁ@@%rgi:ﬁh hl%hf'ﬂ}’%g rag %ﬂh P

met hoxyphenyl oxyphen
met hyl napht hyl , i sopropyl napht hyl, chloronaphthyl ethoxynaphthyl,
2, 6-di net Byl p?wnnei'mor@ thefe ltsrgieneraﬂwhnbamme carl:ﬁ)n(ﬁtemnmefwablpheleaet,two carbon

2, 6-di chl or ophigi¥! perd q{é‘{é or 4-nitrophenyl, 2,4- or
2,6-dinit rop%gny%{ e4 %élHrret hyl am nrga%enr?yl 4- acetyl phenyl met hoxyet hyl phenyl

or 25 ethoxynet hyl phenyl, CS-ClZ-cycl oaI kyl which may be substituted by
functional greubsttutenrand urtshksﬂtutedimihogyoupsa:’ah;bleoﬁoy exdraplegienino, metthyliocdatans

and/ or het er qgyrb®Ainirto, ik Iﬁmt@ﬂ_bwm}rﬁ%entyl “cycl ohexyl, cyclooctyl,
cycl ododecyl , é':C)Irgt‘ﬁy;i}l (i:yc nopentyl di et Ryl cycl opentyl 30 net hyl cycl ohexyl,

dlnethylé cIohexyI d|ethylcyclohexyl butylcyclohexyl, nmet hoxycycl ohexyl ,
di met hoxycyclﬁlm@m;lmmdet hoxycycl ohexyl , butyl thiocycl ohexyl,

chl orocycl ohexyl , dichlorocyclohexyl dichlorocyclopentyl or a saturated or
unsat ur at ed b| system s.nor b 35 a five- or
si x- menber ed éaglrgro EEW—'&@Z’HXY a%d?%’ﬁa"ﬁ?'%’f 8‘&'1?@{:11? ﬁﬁ%ﬁ'@'rn&ycl eis,
for. exanple C1f©r@lk¥|0m¢ﬁ@phﬂn9yaﬂ0|w|Q13£F4-a“§)§l¢>ﬁydyI i ndol yl, benzoxazol yl,

di oxol yl 5di oxyI benzi m dazol yl, benzt hi azol yI di met hyI pyridyl,

met'hyl qui nol yl , h
di f1 uoropyri :ﬁ?lhﬂﬁlﬁ% Supgg%)ljraopiz lﬁn en g[erts Q“F’F%“‘&LQ&"%% alkgj?xyand
BASF Akt i engé‘@@gegcfl‘ﬁﬂca OTZGXEEE[%G@‘P"Y@OU‘ Xgyl.al kyl is,
for exanpl e, JYBagnthyl, lﬁhébflthy! Pr-aipriEnylyl Sehsrophenyl, didhlorahen flemchmodheﬁyl tert-
glrjf)%: on)c/:I “ 4 o@’d&%ﬁyl é‘gchy}bggﬁ?&ﬁ%kﬂylp §¥]bﬁlf3“ etfﬂﬁ{lp ngln‘g hgpﬂgﬁﬁeilyl car bonyl ,
decanoyl 2 do&&iaﬂw}qnw mpmﬁ»@@ﬂxu tert—hutylrémrm gdadeayin eayl metmmme@aleet yl .
gt " gl gxelc g)r/L@hﬁlﬁmbbmﬁlﬁhylp@thoh@heﬁwrhm@m?&nyﬁﬁfelﬂyh@pﬁgﬂrf , s@pydpyinaphthyl,
ethyl o Oxyca%@%roqapﬂfh&P%t!@%ﬁ%ih%%B AR LRI RRAK ipheny, 2.6-di-
meth oxyphenyl 26-d|chlorophenyl 4 bromophenyl 2- or 4-nitrophenyi, 2,4- or
2,6-dinitrophenyl, 4-dimethylaminophenyl, 4-acetylphenyl, methoxyethylphenyl or
25 ethoxymethylphenyl,

Cs—C12-cycloalkyl which may be substituted by functional groups, aryl, alkyl, aryloxy,
- alkyloxy, halogen, heteroatoms and/or heterocycles is, for example, cyclopentyl,
C ‘ cyclohexyl, cyclooctyl, cyclododecyl, methylcyclopentyl, dimethylcyclopentyl,

30 methylcyclohexyl, dimethylcyclohexyl, diethylcyclohexyl, butylcyclohexyl,
methoxycyclohexyl, dimethoxycyclohexyl, diethoxycyclohexyl, butylthiocyclohexyl,
chlorocyclohexyl, dichlorocyclohexyl, dichlorocyclopentyl or a saturated or unsaturated
bicyclic system such as norbornyl or norbornenyl,

35 afive- or six-membered, oxygen-, nitrogen- and/or sulfur-containing heterocycle is, for
example, furyl, thiophenyl, pyrryl, pyridyl, indolyl, benzoxazolyl, dioxolyl, dioxyi,
benzimidazolyl, benzthiazolyl, dimethylpyridyl, methylquinolyl, dimethylpyrryl,
methoxyfuryl, dimethoxypyridyl, difiluoropyridyl, methyithienyl, isopropylthienyi or tert-
butylthienyl and



-10 tert-butyl oxycarbonyl, hexyloxycarbonyl, 2-ethylhexyl oxycarbonyl or
benzyl oxycar M%‘TAH'@B'?@?ESM oal kyl caré@ﬂ%ﬁﬁ‘ltan be, fRF sszddPe, 2 FEB 7007
Cc1

cycl opentyl carbonyl, cycl ohexyl carbonyl or cycl ododecyl carbonyl .

.Ce-C, 2-Aryl oyl (arylcarbonyl) can be, for ggxanple, benzoyl, toluyl, xyloyl
a-napht hoyl,  0-napht hoyl, chl orobenzoyl, “di chl orobenzoyl, trichlorobenzoyl
or trimethyl betzsiylis, for exarpelpcmethyl, gihyb praryl. isoprapyl, nRBItyl Rec-tRBYInterRe each
bei ng, indepeagently of one another, hydrogen, nethyl, ethyl, n-butyl,

2- hydr oxyet hyl , 2-cyanoet hyl, 20 2-(net hoxycarbonyl)ethyl,
2-(ethoxycarboq¥I)etq¥l Zk%n-butoxycarbonyl)ethyl di met hyl am no,

di et hyl ami noCerCretiligidvhialkyisarbanyl) can Bedler oxaranlendcetybtrigrionyh-nsbutyloyl, sec-

2- hydr oxy®t hplityloRt, tarabuteibily P-etidHexpithbonyl, devahoylydgazchydyl, chloroacetyl,

2- (et hoxycar Ly trifadiBa oxycar bonyl)ethyl, acetyl, propionyl, 25
t-butyryl, H{%ﬁbcék%/{ag%opn{)ﬁu rg?%é&!ycar bonyl or n-butoxycarbonyl. Particularly

preferred pyridiniumions (la) are those in which one of the radicals RlL to
R5 is met hyC,—@ktiylaxycarhbmy care be Rar exanagde trydthylomtchsdonyle ethyloxpearberiyt yl  and

al | others apg, faydt I, i€dordRidxGeatbaRi, b @PbRRartidnyl, Se@668bkycdiBdYy! -
SR AR R o e

carboxam de, R7 is acetyl, nethyl, ethyl or n-butyl and all others are
hydrogen or Bl @ndyBRalyicRRoan¢aRbe! REkAIe| Spbnicatticayl, 3- di enyl ene, RY
s acetyl, rré-ﬁ_@ );aéghgl o?ag-cfﬂut Z)i(l aﬁd F?F %g{dr?grgﬁartﬂoﬁ%rogen. 35
Particul arl yqﬂ:ﬁ XYIPd Dﬁlepfﬁ’é OdGRYIF gny?.| b) are those in which one of the
radicals RL to R4 is nethyl or ethyl, R7 is acetyl, nmethyl, ethyl or
n¢butyl gnd @}51019%%@ (@RarbOAVIPESNbE or dkanipte, BBREM, tol0R! Wibyl, EhBMth&,

ons (1) ar EreRRbE, AaRper e, D PrepeR ey cERombe R ogBelbiRarRy | Ry i<

acetyl, nmethyl, ethyl or n-butyl and Rl is hydrogen, nethyl or BASF _
Akti engesel | sehakhc QR RPFRERPOR® RE 44 FER 2R Béing dinBL fbHden® of dheand R4

h t hyl hyd d hyd . t hyl t hyl d R7
SO AT N e
(1d) ar e2@ hoBdmethoxydacihonybetRyl, RdetRoxynatbomlyl)etht ym-batoddyd@rbonyl)eibel yl , net hyl ,

ethyl or n- byimdinyimins, disthgiefiind or dRRIAAE! . ethyl or n-butyl and all others
are hydrogen. Particularly preferred imdazoliumions (le) are those in

whi ch, independently of one 10 another, Rl is selected from anong nethyl,

et hyl , n- pr oBYIs, praferablymethyl, gthwt. yrbutyl. 2bydroxyathylet:gyanoethytl Seanefoxy-
2- hydr oxy et hydrbafdethyt aeeridddrbonyl)ethyl, 2-(n-butoxycarbonyl)ethyl, acetyl, propionyl,
25 t-butyryl, methoxycarbonyl, ethoxycarbonyl or n-butoxycarbonyt.

Particularly preferred pyridinium ions (la) are those in which one of the radicals R' to R®
C . is methyl, ethyl or chlorine, R is acetyl, methyl, ethyl or n-butyl and all others are
' hydrogen, or R2is dimethylamino, R” is acetyl, methyl, ethyl or n-butyl and all others
30 are hydrogen or R’ is acetyl, methyl, ethyl or n-butyl and all others are hydrogen or R®
is carboxyl or carboxamide, R’ is acety!, methyl, ethyl or n-butyl and all others are
hydrogen or R' and R? or R* and R® together form 1,4-buta-1,3-dienylene, R’ is acetyl,
methyl, ethyl or n-butyl and all others are hydrogen.

35 Particularly preferred pyridazinium ions (Ib) are those in which one of the radicals R’ to
R* is methyl or ethyl, R’ is acetyl, methyl, ethyl or n-butyl and all others are hydrogen or
R’ is acetyl, methyl, ethyl or n-butyl and all others are hydrogen.

Particularly preferred pyrimidinium ions (Ic) are those in which R? to R* are each
40 hydrogen or methyl, R” is acetyl, methyl, ethyl or n-butyl and R is hydrogen, methyl or



-R7 is acetyl _ nmeth eth or n-butyl and R2 to R4 are each, independently
of one anot h&A S é@' Aty or et hyROO30581 par tj cul AR §4 7‘pﬁ"ﬁl’ﬂl’arred%q:EB 0
H pyrazol i umi ons (If) are those in whi ch, independently of one another I-]ﬁ
.is selected fromanong hydrogen, nethyl argj ethyl, R2, R3 and R4 are

sel ected from anon 2|h ydrogen and nethyl, and 20 R7 i s selected from anong
acetyl, methgthyl.of ﬂ@ a"&rﬁi Eﬁelﬁﬁﬁfymeﬂ%rﬁﬂ%m@%%ﬂ picbRelsrwdrogRnpPe@y i um i ons

(1g) are thosthyl and\RT istacelyh degtieyi cethylloy ndfutyone  another, Rl is selected from
anong hydrogen, nethyl and ethyl, 25 R2, R3 and R4 are sel ected from anong

hydr ogen and_net h n is selected fromanong acetyl, nethyl, ethyl and
n-butyl . Par P?EGP%F'V eg‘?réef%e?W%"'HW-'BE}? a‘i)cﬂr?ﬁ?ﬁsﬁd'h hichh) “are those in which,
i ndependefit | R MRf)arealianethyianﬂ 30 RL to R4 are sel ected from anong hydrogen

and net hyl' apdig %%%r iy %ble%?ﬁrfﬁﬁfﬂ/[wgs é’éé?}lgfhgtrhgptbﬂbo(fl or bl ar@i“éil n-butyl.

Partlcularly&gf Brazollnlumlons se in whic
i ndependent | §NSFS FRVIBEEDH 35 RL to R6 are selected from am)ng hydr ogen
and methyl and R7 is selected fromanong acetyl, methyl, ethyl and n-butyl.

Par ticul arlypprglighy ﬁfbféféwrﬁ@a%bhmh iR (R)%rd trbde BT ik afdepeRadity & one
|ndepend£@tlgn%haone another, 40 Rl 1s selected fromanong hydrogen,

nmet hyl phenyl , BASF Akt| engesel | schaft 20030511 PF 54784 DE 2 FEB
2007 10 R7 Pé|thcbidorﬁramnnarmetgylaetbwyh-pr¢m mytutyler-pentylanebchy budsgdyl,and  R2

to R6 are sehephesy le—FhEr@)WéﬂﬁrIQrYdjﬁ Ryebed methyl. Particularly preferred
1

3- pyrazol | ni gmi o i'ch, independently of one 5
anot her, g rrae)s%ll %@YI mng hydr ogen, nethyl, ethyl and

ph nyl , R7 Rst% @r@t@@hfln@ﬁe@ﬁﬁw@/ qmﬁnothqretnysim,geatmﬂhybm@twl butyl and R3
R6 aressel ected from anong hydrogen and nethyl. 10 Particularly preferred

|mdazoI|n|u [ her,
Rl and R2 ar g}’lgg‘ Erlf é%}?r?%ﬁmiﬁg%% ydr o%j@b armﬂ-?qn Fﬁ]Qﬁ{&hy%?&%ﬁr@Eﬁ t>|>f &a%g’
pheny| , another
: R’ is selected from among hydrogen, methyl and ethyl,
R?, R® and R* are selected from among hydrogen and methyl and

20 R’ is selected from among acetyl, methyl, ethyl and n-butyl.

Particularly preferred 3H-pyrazolium ions (Ig) are those in which, independently of one
another,
R’ is selected from among hydrogen, methyl and ethyl,
25 R? R®and R* are selected from among hydrogen and methyl and
R’ is selected from among acetyl, methyl, ethyl and n-butyl.

_ Particularly preferred 4H-pyrazolium ions (lh) are those in which, independently of one
C another, :
30 R'to R*are selected from among hydrogen and methyl and
R’ is selected from among acetyl, methyl, ethyl and n-butyl.

Particularly preferred 1-pyrazolinium ions (i) are those in which, independently of one
another,

35 R'to R® are selected from among hydrogen and methyl and
R is selected from among acetyl, methyl, ethyl and n-butyl.

Particularly preferred 2-pyrazolinium ions (lj) are those in which, independently of one
another,
40 R'is selected from among hydrogen, methyl, ethyl and phenyl,



-R7 is selected from anong acet I, met hyl, ethyl and n-butyl and R3 and R’

are sel ect ed BASTAktiengpselise met hyl 28030 fihyl and RF 347&&EDENd RG Fapey
sel ected from anong hydrogen and met hyl. Particularly preferred
_imdazoliniumions (Im are those in whic i ndependently of one another,

Rl and R2 are seI ected from anong hydrogen, nethyl and ethyl, 20 R7 is
sel ected fr ol imesiectae o amons: asglyl, raethyl, ethiand- bbttyl argind R3 to R6 are

sel ect ed from?aiRAardek@geRomndiRtHdrogeRaintingéthg! | y preferred
i mdazoliniumions (In) are those in which, independently of one another,

25 R1, R2 and R3 are selected from anong Iédro%ch met hyl and ethyl, R7 is
sel ect ed frofPHieHIRGY REferyed 3wm9llmweth*rys| ( Beiinwhighdndependently of oge
sel ected §roemethierlg hydrogen and nmethyl. C Particularly preferred thiazolium

ons (10) angs gxaZaldBEAR oA c{g@%eﬁ'ﬂo%tﬂwe(f |apdBybependent Ly of

one anot her, and phenyl,

R7 is sel ect 8] issalestethiing ameangacetirnethyl, etbyland ra%‘&y@fﬁutyl and R2 and R3’

are sel ect edrPtoRF amn;edwr@g@mcﬁigmyﬂmg@wand%tﬁﬁrtr cularly preferred
1,2,4-triazoliumions (lq) and (lIr) are those in which, independently of

one anot her Rl and R2 are sel ected from anong hydrogen, net hgﬁ et hyl and
phenyl , v Particdlegy peaieredimidarshitumdens (i) armdhass in vdiier, lindgpgn MYy P@and R3
i s sel ected anethegnong hydrogen, met hyl and phenyl. BASF Akti engesel | schaft

0501 N i A 9 2,7

ions (Is) an 0S epen er
sel ect ed fro ?’Bg’j"é’??"grﬂ?FWylm%mﬂ phand 'ﬂ?”t)’s""@el ect ed from anong
acetyl, met hiR®ané yare seleicted Framyamenmohydsoden, metl'ly%chemylwidect ed from anong

h(grogenrendRﬂahaﬁs oS sd3ectal o arh G ifibaehinl dethyd. but a- 1, 3-di enyl ene
group and all others are hydrogen arti cuI arly pref erred pyrroI i di ni um

ions (lu) are those in which, independently of one another, 10 R and R7
are sel ect edPartistadyprefersecimjidazoliniuimions @gmhgte those ln-vrmlyllnc@nandemly oRene R and
RS are each Bygthegen. Particularly preferred anmoniumions (lv) are those in
whi ch, | ndepﬁmg%@Hz reOLelg&Sd from among hydrogen, methyl and ethyl,
20 R’ is selected from among acetyl, methyl, ethyl and n-butyl and

R3 to R® are selected from among hydrogen and methyl.

Particularly preferred imidazolinium ions (In) are those in which, independently of one
another,
25 R', R? and R® are selected from among hydrogen, methyl and ethyl,
R’ is selected from among acetyl, methyl, ethyl and n-butyl and
R* to R® are selected from among hydrogen and methyl.

C. ' Particularly preferred thiazolium ions (lo) and oxazolium ions (Ip) are those in which,
30 independently of one another,
R’ is selected from among hydrogen, methyl, ethyl and phenyl,
R’ is selected from among acetyl, methyl, ethyl and n-butyl and
R? and R® are selected from among hydrogen and methyl.

35 Particularly preferred 1,2,4-triazolium ions (Iq} and (Ir) are those in which,
independently of one another,
R' and R? are selected from among hydrogen, methyl, ethyl and phenyl,
R is selected from among acetyl, methyl, ethyl and n-butyl and
R? is selected from among hydrogen, methyl and phenyl.



-another, 15 R7 is_selected from anong ace met hyl , et and n butyI and
Rl, R2 and RBAJFAklengaselis¢haltn anong rre?ﬂiqo dt hyl , tﬂ]%/ﬁ FEB 2007
2- hydroxyet hyl , benzyl and phenyl. Particularly preferred phosphonl um [ (B)r?g
.(1w) are those in which, independently of qme 20 another, R7 is selected
from anong acetyl, nethyl and n but and R1, R2 and R3 are sel ect ed
f rom anmong pﬁéﬁypfa”bﬁ@f%r@d18t3¥|'(5'§§°’%!ﬁh'°ﬁ3 Hﬁl@ﬁ@/@t) a'i@ribﬁ?fa ivéden. preference is
gi ven to theimepemdenty optesaidnerim pyridinium and 25 im dazoliumions.

Very parti cuﬁ{ﬁ é’eléﬁt@é ﬁ&%%d}@ﬂyﬂ ﬁrﬁsﬂg&ﬂ &Eg hyl pyridini um

1- et hyl - | ni um hret hyl pyri di ni um
N- et hyl pyri gpﬁmor@aﬁ:g ?}9)" Wl%“ﬁ]” Butgdnd| - 2- et hyl pyri di ni um
1- butyl - 25 et IanﬁR?harmyélpgted {tomi amgng3tydrbdmmt anldoyethdioni um

1-butyl - f—'ﬁhﬁh@ﬁ“l@ Ehiffo 631' SR 8ldidA,fag réL}HEnd]alpotl?ler%rdre hydrogen.

met hyl i m daz um 1 butyl - 3- et hyl i’'mi dazol |

1,3,4,5-tetranet hyli mdazollum 1,3,4-tri rrethyl I m dazol i um

2, 3- di net hyl Pattidakzdy preferred pyrtojitinRinBiods ifle) ael thosediazdlich,) imdependently of one

3, 4-di ne thyI bl'%tﬂ@rz()' ium 2-ethyl -3, 4-di met hyI i m dazol i um

3- et hyl | -dazol e th zol i u

3 butyr - 1o, KB5S aitee BominenotactRl et il FRSG o i

1, 3- di - n- but i RA, Bazod iRiere sadinhydrogend, 5-t ri met hyli m dazolium 3-butyl -

1,4-dinmethylim dazol | um 3- butyI 2-met hyl i m dazol | um

1, 3- dlbutyl 3- bu 4rreth i ) oliu

3 butyl - 2 et RRReH A PR g Yk %50 b BRPherdbty plame

1- met hyI 3- oé'ﬂ@therm dazol ium 1-decyl - 3- et hyI i m dazol ium 40 Especi al

Rgtef erengs i R7 @ sefdttddirdmbiiong ate ik nsthyysthpliaat wabutyl ghdbut y| - 3- met hyl  BASF
i

engesel | g¢ ﬁgﬁ | U
1-n-butyl - 3- Bt hfﬁhfén 518%%990{&’ f%ﬁ%o?&n?et@ﬁ%@ﬂo%%&?rzg co%i%hklag%@?jn
principle. 5apd E‘F%‘m‘ ed anl ons are halides, F-, d-, Br, |-, acetate CH3000-,
trifluoracetate CF3000-, triflate CF3SQ3, sulfate SO42-, hydr ogensul f at e

HS04, methyl g ! £
hydr ogensul f i ?hkﬂég%% or ozﬁSE mﬁ%‘?i@ﬁ‘%%kﬁ%ﬁg@?%&%gﬁgﬁﬁy of one
tetrabrofbal 89tR%% e AIBr4, nitrite NO3, nitrate NO3, chlorocuprate Cud 2,
phosphat e POR3ISs, setgotrdinem phrasgattyl, Hmﬂ;ethylidnydrmgﬂrmpbosphat e H2P04, 10

carbonat e CORZ-re SR REBERRNAS ARG phER IHeHbA. o) ShERGRubg, ol ven to |

acet at es, ‘onates, tosylate p-CH3 es
bi s(trifluoromethylsul fonyl)imde (CF3SQ2)2N'. 15 An enbodi nment of
extractive rAuoonfithese] preférsnates givieb dal therariB@oGiRm) gidsbBotiom, pliditios dnd.

25 imidazolium ions.

Very particularly preferred cations are 1,2-dimethylpyridinium, 1-methyl-2-ethyl-
3 _pyridinium, 1-methyl-2-ethyl-6-methylpyridinium, N-methylpyridinium, 1-butyl-
C.. 2-methylpyridinium, 1-butyl-2-ethylpyridinium, 1-butyl-2-ethyl-6-methylpyridinium,

30 N-butylpyridinium, 1-butyl-4-methylpyridinium, 1,3-dimethylimidazolium, 1,2,3-tri-
methylimidazolium, 1-n-butyl-3-methylimidazolium, 1,3,4,5-tetramethylimidazolium,
1,3,4-trimethylimidazolium, 2,3-dimethylimidazolium, 1-butyl-2,3-dimethylimidazolium,
3,4-dimethylimidazolium, 2-ethyl-3,4-dimethylimidazolium, 3-methyl-2-ethylimidazole,
3-butyl-1-methylimidazolium, 3-butyl-1-ethylimidazolium, 3-butyl-1,2-dimethyl-

35  imidazolium, 1,3-di-n-butylimidazolium, 3-butyl-1,4,5-trimethylimidazolium, 3-butyl-
1,4-dimethylimidazolium, 3-butyl-2-methylimidazolium, 1,3-dibutyl-2-methylimidazolium,
3-butyl-4-methylimidazolium, 3-butyl-2-ethyl-4-methylimidazolium und 3-butyl-
2-ethylimidazolium, 1-methyl-3-octylimidazolium, 1-decyl-3-methylimidazolium.

40  Especial preference is given to 1-butyl-4-methylpyridinium, 1-n-butyl-3-methyl-



-(2) indicates the inflow of the entrainer into a countercurrent

rectificati oPAYT Aktienagselischafh convent i 8AR30YAocesses tMeS4T@4BENer. Nagpayy
| ow but appreciable volatility conpared to the overhead product (stream?7 a;)
.the separation elenents (1) have to be us to separate overhead product
and entrainer. The separation elenments (3) and (5) effect 20 the desired
separation oﬂm@@é@h@h@ﬂ%?'@du@t[ SretbyimHda4o5WMpr oduct under the action of the
entrainer, stream(4) is the feed stream of the conponents to be separated

(feed), st r g%rgn c}%féfaﬁngﬁs %@t&ﬁ%@éb‘?@}h"ﬂ m@@ga the. entrainer. Separation

el enents can rays packi ng or random packi ng. 25
The use of an ionic |iqui d as entrainer has the advantage that the vapor
pressure 5f Pheferrpdiapionsarechdlides)iFd Gin@rt husetits GH,COORatflucsdcefate SFYCOOT,N t he

mxture withy e e z eparatlon
el ements (1) @%ﬁe gﬁgp ,%ﬂlfat@ﬁ?ﬁi wﬁééﬁrl%léﬁaﬁg I_Fnsb“%aé?hy]%l"tswé%o%%ﬁm? h volatile
i npurities afBYSY g%‘érﬁzklggsahesq@ﬁr?@?’l 1'8]19@9”@”@ te HEBmirRaly fdsve not
been abl e toAbé:I?se&mm '@d'ablfdnaamlmhetbeﬁuamdnﬁmta@JOﬁ(mtndte NQ;", Slomcupdaén

m xtures Of 'C‘&@:' < 'h?QﬁHa@éﬁW‘, 'thl &ﬁds g&ﬂe l-'flf’d) gd@géﬁ@‘égh&é Hypbai ners.

To separ hes é‘ﬁ@ uct, sary % 0°Instal l
an enrich nfrgaael hBYSRE R Bi nt for the ionic liquid and the

top of the colums. The known advant ages of ionic liquids conpared to

fgmlgnf : 83?;?&%&%? BF‘éfé'ehéb ls%l:i_\lve'?l)% %E@tbte‘éesdlm%ﬁbieg'ﬁé‘)ﬂé@” %@P@q%gl ?lol %/hEI r
conpar ati vel ?“'?ﬁt%%ng F&E‘?%EFQ"E‘M WHEHI Y )}5’3@% %’%gbiﬁ ‘a smal l er mass

flow, conpared to conventional extractive rectification, of entrainer to be

fé to ths 4ﬁn@fﬁtromﬁérw%fbﬂ¢édt.@é Fealf;@amoaruﬂééycnsaﬁnwmomw EFOFBLieCH

plates in th n schaft 2 2 FEB
D007 13 reckd f“ﬂ‘i!%%%% B%‘ﬁ%eﬂﬁa'ﬁgrsﬁ@ead&””}ﬁsfc P‘?“Z %C"’é‘P”t"H@’ BE NSRel y

| ow vapor pr #seanventismat W@C%‘-iﬁeﬁél‘m@?tfa'%rf\laélﬁ@w@éb@@@@@me ypletidy romBargdi ch

of fer operat tme@vdrr@aalpmiuct:@&taamwamé 3gearatrtslcindpts (5) IReapberugedtd i cation
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25 The use of an ionic liquid as entrainer has the advantage that the vapor pressure of the
pure ionic liquid and thus also its partial pressure in the mixture with the overhead
product are close to zero. Thus, the separation elements (1) can be dispensed with.

_ This is not the case only when volatile impurities are present in the ionic liquid, e.g.
C components which have not been able to be separated off completely during recycling,

30 or when mixtures of ionic liquids with conventional solvents are used as entrainers. To
separate these from the overhead product, it may be necessary to install an enrichment
section between the feed point for the ionic liquid and the top of the columns.

The known advantages of ionic liquids compared to conventional entrainers in
35  extractive rectification are essentially:

. lonic liquids are more selective than conventional entrainers. Due to their
comparatively high selectivity, they make it possible for a smaller mass flow,
compared to conventional extractive rectification, of entrainer to be fed to the

40 extractive rectification and/or the number of theoretical plates in the extractive



.Suitable ionic liquids are ones which in a total concentration in the liquid
of from5 toBASHAkigngeselleckafty from 1020@306501nvl % | edlRF 6547848 BEpar atzrﬁ@ 2007
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However, the recovery of the ionic liquid after the extractive distillation has hitherto not
. been solved satisfactorily. Conventional entrainers are usually separated off from the
C bottom product in a second distillation column. Since ionic liquids cannot be vaporized,
30 accumulation in a countercurrent distillation process is not advantageous and leads io
unnecessary capital costs.

WO 02/07418 gives general information as to how the entrainer present can be
recovered (page 16). Apart from vaporization, the use of a stripping column (stripper)
35 or precipitation into a solid phase are also mentioned. -

The German patent application number 10313207.4 describes adsorptive separation
processes by means of which high boilers which are no longer vaporizable are said to
be able to he separated off from an ionic liquid. Such a situation occurs when the

40 vaporizable components have already been separated off from the ionic liquid. The
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particul ar clpyekolenapgthe walshvayld bg g higbbril®r- aci d/ water, up to about 5% of
wat er can al so be present in the 40 recirculated IL. On the other hand, if a
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patent application further provides an alternajiye proces r rking up a
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gas. Depending on the specific process engineering application, it is
particul arly advantageous to operate the stripper at anbient pressure,
We have found that this object is achieved by a process for working up a bottom

_ stream comprising high boilers and ionic liquid from an extractive rectification in which
C the ionic liquid is used as entrainer, with comparators feeding the bottom stream to an
30 evaporation stage which is operated at a pressure of less than 500 mbar, preferably
less than 100 mbar, particularly preferably less than 20 mbar, and in which the major
part of the high boilers present is separated off in vapor form from the IL, i.e. its
concentration is reduced to less than 5%, preferably less than 1% and particularly
preferably less than 100 ppm. The necessary purity of the IL always depends on the
35 purity which is specifically required in the distillate stream from the extractive
rectification in each case, since as soon as impurities are present in the recirculated IL,
they partly vaporize on entering the top of the column and contaminate the distillate. If
a purity in the distillate of 95% is sufficient, as in, for example, particular cases in the
separation of formic acid/water, up to about 5% of water can also be present in the
40 recirculated IL. On the other hand, if a 40 ppm purity is required in the distillate stream,
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superatmospheric or subatrmospheric pressure can also be particularly advantageous.
This depends on the vapor pressure of the components to be separated and thus on
C the condenser temperature established. If the components to be separated all boil at
30 very low temperatures, a person skilled in the art will increase the pressure in the
column so that the condenser temperature does not drop below 50°C. Otherwise,
cooling water can no longer be used for cooling and the costs increase since
refrigerated water or even brine are more expensive than ordinary cooling water.

35 The pressure in the evaporator is less than about 500 mbar, preferaBIy less than
100 mbar, particularly preferably less than 20 mbar. In a preferred embodiment, the
proportion of high boiler in the ionic liquid can be reduced significantly at about the
same temperature in the evaporator as in the bottom of the column.

40 The vapors of the high boiler are either drawn off directly by means of a vacuum pump
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therefore lower. For this reason, a falling film evaporator should be used if possible.

(,- Due to the evaporator operated at subatmospheric pressure, extremely low
30 concentrations of high boilers in the exiting ionic liquid can be achieved. This ionic
liquid can advantageously be recirculated to the extractive rectification, and very high
purities of low boilers in the distillate from the extractive rectification can be achieved
thereby.

35 In an alternative process, the bottom product comprising ionic liquid contaminated with
high boiler can be fed to a stripper operated using gas or vapor. The pressure in the
stripper is, as indicated above, preferably approximately ambient pressure, but,
depending on the specific application, operation of the stripper at a pressure of less
than 900 mbar, particularly preferably less than 500 mbar, can also be particularly

40 advantageous. The stripper is preferably operated in countercurrent {figure 3). Here,
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Furthermore the strlpper vapors can then be condensed completely using cooling

water, since no inert gas is present. The losses of high boiler are then minimal.

The overhead product from the stripper comprises gas enriched in the high boiler. This
30 can, when it is not a product of value, be incinerated, or, when it is nontoxic, can be
released into the surrounding air. If the loss is undesirable, it can be largely separated
out by means of a dephlegmator. For the purposes of the present invention, a
dephlegmator is a partial condenser (the inert gases are not condensable at these
temperatures). Here too, depending on the specific application, low temperatures and
35 thus a refrigeration machine are once again necessary to achieve quantitative
condensation of the high boiler. It has to be noted that in the stripper version, the entire
gas stream, i.e. inert gas or vapor and high boiler, has to be cooled. The cooling power
required is lower in the evaporator version in which only the high boiler is cooled.
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has been usH®@t ﬁ'@'leﬁ*ﬁP%ﬁh@éger'Fﬁ?Qﬁ‘@po?éﬁd?a&tqecﬁﬁSF@”éﬁ%m bet ween the bottom

and the side of f t ake are necessary. 40 The high-boiling product is
Rt cngoct | BERE byt AESLIAAIG1hBR0N W BOLPASH s seprte o
from hlgh oiler and ionic :qwd ), so that no low boiler is present in the
bottoms. This can be achieved by a person skilled in the art of distillation by means of a
sufficient number of theoretical plates in the stripping section when the IL gives a
(,, selectivity of greater than 1.3, which is its nominated task. Since the Il. has no vapor
30 pressure, the vapor phase at the bottom consists entirely of high boiler. Part of this can
be taken off as a gaseous sidestream. This side cfftake and the equipment necessary
are designed according to the usual rules. It has to be noted that liquid droplets have to
be separated off by means of a suitable precipitator, since otherwise IL will be carried
out with the vapor. Since the separation factor between IL and HB is infinite, one
35 vaporization stage is sufficient for separation. If other high-boiling impurities are.
present or are formed in the bottoms or a mixture of IL and conventional solvents has
been used as entrainer, further separation elements between the bottom and the side
offtake are necessary.

40  The high-boiling product is preferably taken off in the sidestream in the stripping
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evaporator 426 High Vdpoe Prdsberel sF e HB isfitliadowToReiaprataite of f according to the
present invention. The ionic liquid obtained in this way can be

recirculated via line (26) to the countercurrent 35 rectification colum.
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enbodi nent, py-grasoutamadditidnal teidensert aken of f from the col um (20), which
further 'rrproves the separation. In figure 2a, the condenser with

downstream |l iquid punp on the evaporator in figure 2
In a particularly preferred embodiment, the work-up stage of evaporator and/or stripper

according to the present invention is combined with the side offtake. In this way, the
effective and gentle recovery of high-purity, ionic liquid can be improved further in a '
C technically simple manner. Figure 2 shows a combination of side offtake and

30 evaporator. The feed is fed via line (21) into the countercurrent rectification column (20)
and the ionic liquid as entrainer is fed in via line (22). The overhead stream is taken off
via line (23). The bottom stream is conveyed by means of line (24) to an evaporator
(25) in which the ionic liquid is separated off according to the present invention. The

_ ionic liquid obtained in this way can be recirculated via line (26) to the countercurrent

35 rectification column. Via the side offtake (27) which is additionally present in a preferred
embodiment, a gaseous high boiler is taken off from the column (20), which further
improves the separation.

In figure 2a, the condenser with downstream liquid pump on the evaporator in figure 2
40 has been replaced by a compressor (28). The high boiler vapors which have been
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separated off in the bottom region of the extractive rectification via the side offtake and
_ the stream to be separated off in the evaporator installed downstream of the column is
C therefore significantly smaller. The amount of ionic liquid which flows through the
30 evaporator remains the same. Only the high boiler content is reduced. The high boiler
which vaporizes in the evaporator operated at subatmospheric pressure can either be
condensed directly and brought to ambient pressure by means of a liquid ring pump or
be drawn off by means of a vacuum pump. Since a smaller amount of high boiler has to
be separated off in the evaporator as a result of the side offtake, the separation task in
35 the evaporator becomes easier, it can be made smaller and less energy is consumed
in the evaporation and any subsequent condensation.

The side stream comprising the high boiler is usually also condensed. The condenser
there operates at a pressure higher than that in the condenser of the downstream
40  evaporator. Thus, the energy of condensation from the side stream is therefore
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and the HB content in the IL leaving the bottom of the column is then lower, the separation
task to be performed in the subsequent stripper is easier. The gas or vapor flow
. required there becomes lower and the stripping column becomes narrower. Since the
C concentration of HB in the IL at the inlet decreases, the necessary height of the stripper
30 also decreases. However, the reduction in the height is comparatively smali, since it is
not so much the inlet concentration but the required purity of the IL leaving the column
which determines the height of the column.

In the version with side offtake and stripper and dephlegmator, the cooling power and
35 the size of the dephlegmator are also reduced considerably in addition to the changes
in the stripper as a result of the side offtake. Since in this case only part of the high
boiler leaves the stripper via the top, it can in some cases be economically
advantageous to dispose of this part of the high boiler together with the inert gas, i.e.
not to condense it. The refrigeration machine necessary for the condensation ,
40 including the energy necessary for compressor and cocling, can then be saved.
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The. ionic  working up the bottom stream from the extractive rectification. lonic liquid can be
obtained in high purity with a small outlay in terms of apparatus. The temperatures -

30 required for the separation are relatively low, which not only reduces the energy
consumption but also avoids undesirable decomposition of the ionic liquid. The ionic
liquid obtained in this way can be recirculated to the column and be reused as entrainer
there.

35 Version with only side offtake and no additional work-up of the bottom stream: .
if the IL laden with residual HB is introduced directly at the top of the extractive
rectification (circulation of the IL), part of the HB will get into the vapor phase at the top
and contaminate the overhead product (LB). If the purity requirements for the LB are
moderate, the depletion of the HB in the IL with a side offtake alone can be sufficient,
40  and no further work-up of the IL is necessary.
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r esi dual Were obtai ned as over head pr oduct .
Extractive rectification with evaporator at | bar (exanple 1) (cf. figure 2
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wer e |ntroduce
always had 20 theoretlcal plates and was operated at a reflux ratio of RR=0.5and a

pressure of P =1 bar. The feed plate was always at theoretical plate 12. The
experiments were carried out so that 650 kg/h of TMB having a residual methanol
25 content of 500 ppm were obtained as overhead product.

. Extractive rectification with evaporator at 1 bar (example 1)
C (cf. figure 2 without side offtake and without throttle valve between column and

evaporator)

30
1 441 kg/h of the IL (1-ethyl-3-methylimidazolium tosylate) were introduced at the top of
the column. The IL contained 103 ppm of methanol. Top and bottom temperatures
established were 67 and 95.4°C, respectively. A stream of 1 635 kg/h comprising 88%
of IL and 12% of methanol was obtained as bottom product. The bottom product was

35 fed into the downstream evaporator. This was operated at 1 bar and 180°C. The
vapors obtained there were condensed in a condenser at 1 bar and 64.6°C. 179 kg/h of
pure methanol were obtained as evaporator vapor. The stream leaving the bottom had
a flow rate of 1 456 kg/h and comprised 99% of IL and 1% of methanol. The heat
exchangers had the following power requirements: column condenser: 90 kW, column
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required dis e extrac I've rect t1on was operated in
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temperature. This IL can be reused as entrainer to achieve the required distillate purity.
25 The extractive rectification was operated in the same way as in example 1.

Extractive rectification with stripper (example 3)
(cf. figure 3 without side offtake)

30 Only the details different from example 1 are described here:
As entrainer, 1 523 kg/h of IL contaminated with 1 ppm of methanol were introduced.
The bottom product obtained in the extractive rectification was a stream of 1 717 kg/h
comprising 89% of IL and 11% of methanol. It was fed 1o the top of the stripper which
had a total of 9 theoretical plates and was operated at 1 bar. At the botiom of the

35 stripper, 2 305 kg/h of dried air which had been preheated to 180°C were introduced.
The stream from the top of the stripper was conveyed to a dephiegmator which
condensed a large part of the gaseous methanol at -5.4°C. 122 kg/h of liquid methanol
were obtained in the dephlegmator. The remainder of the methanol was carried out
with the air stream which had a residual methanol content of 3%. The output from the

40 bottom of the stripper was 1 523 ka/h of IL having a residual methanol content of
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(bottom of tlg: 86WumMm pl us downstream evaporator), this particularly
25
Result: The combination of flash evaporator and stripper made it possible to produce
high-purity ionic liquid which can be recirculated. The maximum temperature in the
, overall plant was only 140°C. The energy required is reduced as a resuit. At an energy
Ca input of 251 kW (bottom of the column plus downstream evaporator), this particulariy
30 advantageous variant is very favorable in energy terms.

Extractive rectification with side offtake and evaporator at 10 mbar {example 5)
(cf. figure 2)

35 Only the details differing from example 1 or 2 are described here:
The amount of entrainer fed in was 1 384 kg/h of IL having a residual methanol content
of 103 ppm. in the bottom region, 179 kag/h of pure methanol were taken off in vapor
form as a side stream and then condensed at 64.6°C. The temperature at the bottom
increased to 180°C. The bottom product from the column had a flow rate of 1 399 kg/h
40 and comprised 99% of IL and 1% of methanol. The evaporator was operated at
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C(15 Exthgctive rectification with side offtake and evaporator at 10 nbar

and liquid riing punp . (exanpl.e 6 f figure 2 0.Only the. details
T ter ing. v GTadReamEA R de biate ruf Brboraldy AqoiTabd: g ol MR oo
to set the 1(exabwle 6h t he downstream evaporator and to conpress the
met hanol dr ay#. ffufe bB) ambi ent pressure. The punp was operated using |IL as
punp liquid. For this purpose, 100 kg/h of the IL | eaving the bottom of the
downstream evapor ator were branched of f _and cooled to 28C. This IL was fed
to the 2B0| i &mydheidetpilp diterindifemayanpip® assdessriped hete: punp, a | arge part of
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IL as pump liquid. For this purpose, 100 kg/h of the IL leaving the bottom of the
downstream evaporator were branched off and cooled to 28°C. This IL was fed to the
25  liquid ring pump. During compression in the pump, a large part of the methanol
dissolved in the IL. The stream leaving the pump at ambient pressure had a flow rate of
102.6 kg/h and comprised 97.5% of IL and 2.5% of methanol. it was recirculated to the
bottom of the extractive rectification. The gaseous side stream from the bottom region
C-' of the column rose to 193.8 kg/h of pure methanol as a result of this circulation.
30 1381 kg/h of I containing 103 ppm of methanol were fed to the extractive rectification
column. The output from the botfom of the column was 1 496 kg/h of IL containing 1%
of methanol. During compression in the liquid ring pump, the IL/methanol mixture
warmed up only slightly. The power required for the heat exchangers was: column
vaporizer: 319 kW, side stream condenser: 65 kW, evaporator: 4 kW, additional cooling

35 for the IL to the liquid ring pump: 3 kW.

Result: In this particularly advantageous variant, the refrigeration machine is replaced

by a liquid ring pump. The temperature of 28°C which can be achieved by means of

inexpensive cooling water is sufficient to condense a large part of the methanol. Since
40 the amount of gas decreases, the energy required for compression also drops. All of
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3. A process for working up a bottom stream comprising one or more high boilers

and ionic liquid from an extractive rectification in which the ionic liquid is used as

25 entrainer, which comprises feeding the bottom stream to a stripper which is
supplied with superheated steam comprising the iow boiler and is operated at
ambient pressure or at a pressure of less than 900 mbar

C 4.  The process according to either claim 1 or 2, wherein air is used as inert gas for
30 stripping.

5. - The process according to ¢laim 4, wherein dried inert gas is used for stripping.

6. The process according to any of claims 1 {o 5, wherein a dephlegmator is used
35 at the top of the stripper to separate out high boilers still present.

7. The process according to any of claims 1 and 2 or 4 to 6, wherein the
evaporation in the evaporator downstream of the extractive rectification column is
carried out by depressurization vaporization without additional introduction of

40 heat.
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10. The process according to any of claims 1 to 9, wherein the ionic liquid obtained

by means of the work-up is recirculated to the extractive rectification column.

11.  The process according to either claim 1 or 2, wherein, when an evaporator is
C 15 used, a liquid ring pump is used for compressing the vapors to ambient pressure,
with the liquid ring pump being operated using ionic liquid as ring liquid.

12.  The use of the process according to any of claims 1 to 11 for separating mixtures
comprising polar and nonpolar materials which form azeotropes or are close-
20 . boiling.



