PF 54783 Di s';r_t giﬁt?,l ve method for separating narrow boiling or azeotropic

m xtures using ronic lig- uids 5 The present invention relates to an

i nproved process for separating azeotropic or close-boiling m xtures by
means of an extractive rectification Many liquid m xtures which cannot be
separated by..conventipnagl rectification and are 0 preferably separated by
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concentration of the componerits of the mixture is no longer possible even when the

number of theoretical plates or the reflux ratio is increased. In general, it has to be

25 noted that the separation factor can be greater than or smaller than 1, depending on
whether the partition coefficient of the low boiler is in the numerator or the denominator.
Normally, the low boiler is entered in the numerator, so that the separation factor is
greater than 1.

30 A procedure which is frequently practiced in industry for the separation of close-boiling
systems, viz. systems having a separation factor of smaller than about 1.2, or
azeotropic systems, is addition of a selective additive, known as an entrainer, in an
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

35 of the close-boiling or azeotropically boiling components of the mixture is made possi-
ble. In extractive rectification, the overhead and bottom components obtained by
means of the action of the entrainer are the target components from the column. 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 the presence

40  of the entrainer are present in the bottoms.



means of thePﬁ%ﬁ?ﬁ? of the entrainer are the target conponents fromthe
colum. The overhead conponent is the conponent which has a | ower boiling
point in the presence of the entrainer, and the conponents which have a

hi gher boiling point in the presence 40 o2 the entrainer are present in the
bottons. PF 54783 2 A measure of intensity of the interactions of the
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i mportant fof i've rectr
less than 150°C, partlcularly preferably less than 100°C and have a relatlvely low vis-

25  cosity. They have very good solvent capabilities for a large number of organic, inor-
ganic and polymeric substances.

Compared to ionic salts, ionic liquids are liquid at significantly lower temperatures (in
general below 200°C) and frequently have a melting point below 0°C, in one case

30 down to -96°C, which is important for the industrial implementation of extractive rectifi-
cation.

In addition, ionic¢ liquids are generally nonflammable, noncorrosive and have a iow vis-
cosity and also display an imperceptible vapor pressure.

35
For the purposes of the present invention, 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 below 50°C.

40



In addition, ionic liquids are generally nonfl ammabl e, noncorrosive and have
a low vis- cppishygand al so display an inperceptible vapor pressure. 35 For

t he purposes of the present invention, ionic |iquids are conpounds which
have at | east one positive charge and at | east one negative charge but are
overal | electrically neutral and have a #&elting point bel ow 200C,
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nitrogen atoms and one sulfur or oxygen atom, very particularly preferably compounds
20  having one or two nitrogen atoms.

Particularly preferred ionic liquids are those having a molecular weight of less than
1000 g/mol, very particularly preferably less than 350 g/mol.

25  Furthermore, preference is given to cations selected from among the compounds of the
formulae (1a) to (lw),
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5 (P) (s) RlpgsafgdN) ' RZ R3 R7 N NN(r) (g) R \NN(t) R7 5 10 (v) (W
and al so oligoners and polyners conprising these structures, where (u) R,
R2, R3, R4, R5, R6 and R7 are each, independently of one another,

C -C 8-alkyl, C2- Ci18-alkyl which may be bnterrupted by one or nore oxygen
and/ or sul fur aégms andtor one op.nore stituted or 3unsubstitut ed imno
groups, C6-Cl2-&vyl, -Cl2-cyclo yl o a five- or Rs X- menber ed, oxygen-,
nitrogen- and/ or ulﬁ -contai ni ng @cycle or two 15\0fnt hem toget her
forman unsaturat gd, \saturated or arfoma\ic ring whichg%b inter- rupted
by one or rmgg e»‘a.ngéor SUL{ rﬁi/ or onﬁ1 r&'*s-ubﬁii tuted or
unsubstitute® i m n®groups, where t heNr adi cal s nent Moned rNa@ each be
substituted by functional groups, aryl, alkyl, aryl oxy, a|l7kyl oxy, hal ogen,
het er oat ons and/ or heterocy- cles. 20 In addition, R1, RRR'R3, R4, R5 and R6
can al so be hydrogfp). PF 54783 6 R7 c@y) al so be C -C, 8-al ¥yl oyl

(al kyl carbonyl ), C, -C, 8-al kyl oxycarbonyl, C5-C, 2- cycl oal kyl carbonyl or
C6-C, 2-aryl oyl (arylcarbonyl), where the radicals nmentioned may each be
substituted bygrfiuncti d®al groups,Raryl, alkyl, aryloxyR?al kylRfxy, hal ogen,
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and also oligomers and polymers comprising these structures,

where

10
R', R% R% R* R® R®and R are each, independently of one another, C;-Cg-alkyl, Co-
Cie-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-Cy2-aryl, Cs-C,,-cycloalkyl or
a five- or six-membered, oxygen-, nitrogen- and/or sulfur-containing heterocycle or two

15  of them together form an unsaturated, saturated or aromatic ring which may be inter-
rupted by one or more oxygen and/or sulfur atoms and/or one or more substituted or
unsubstituted imino groups, where the radicals mentioned may each be substituted by
functional groups, aryl, alkyl, aryloxy, alkyloxy, halogen, heteroatoms and/or heterocy-
cles.

20
In addition, R', R%, R®, R* R® and R® can also be hydrogen.



5 eroatons apg/sargfeterocycles. In these fornulae, C, -Cl5-al kyl which may be
substituted by functional groups, aryl, alkyl, aryloxy, alky- 10 foxy,

hal ogen, het eroatons and/ or heterocycles IS, for exanpl e, methyl, ethyl,
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7- et hoxy- 4- otyRimihoprddyl €3-Bifethylaminopropyl, 4-dimethylaminobutyl, 6-dimethyl-
aminchexyl, 2-hydroxy-2,2-dimethylethyl, 2-phenoxyethyl, 2-phenoxypropyl, 3-phen-
oxypropyl, 4-phenoxybutyl, 6-phenoxyhexyl, 2-methoxyethyl, 2-methoxypropyl,
3-methoxypropyl, 4-methoxybutyl, 6-methoxyhexyl, 2-ethoxyethyl, 2-ethoxypropyl,
30  3-ethoxypropyl, 4-ethoxybutyl or 6-ethoxyhexyl, and

C,-C1s-alkyl which may be interrupted by one or more oxygen and/or sulfur atoms
and/or one or more substituted or unsubstituted imino groups is, for example,
5-hydroxy-3-oxapentyl, 8-hydroxy-3,6-dioxaoctyl, 11-hydroxy-3,6,9-trioxaundecyi, 7-

35 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-3-
oxapentyl, 8-methoxy-3,6-dioxaoctyl, 11-methoxy-3,6,9-trioxaundecyl, 7-methoxy-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-

40  ethoxy-3,6-dioxaocty!, 11-ethoxy-3,6,9-trioxaundecyl, 7-ethoxy-4-oxaheptyl, 11-ethoxy-



PF 54783 7 ﬁpgmgg?xaundecyl, 15- et hoxy-4, 8, 12-tri oxapent adecyl ,

9- et hoxy- 5- oxanonyl or 14- ethoxy-5, 10-oxatetradecyl. If tw radicals forma
ring, these radicals together can be 1, 3-propylene, 1,4-butylene, 5

2- oxa-1, 3-propyl ene, 1-oxa-1, 3-propyl ene, 72- oxa-1, 3-propyl ene, 1l-oxa-1,3
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al kyl oxycar b&hg Numesrd @xygen@ndey sylfinaterk§ and/cpiminegraups isvitit enbiaehio BBY
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al ogen, het - , tolyl,
xylyl, ct- naé%?%é@ﬁ%ﬁﬂg%ﬁﬁ %’y%taﬁﬁggwﬁ“g‘ﬁcﬂafx‘y ,ppégéﬁagf&%h%ﬁ %ﬁ:}%’hl or ophenyl ,
trichl orophenyl, di- fluorophenyl, nethylphenyl, dinethylphenyl,
t ri met hyl pheRyrthermibley theine isydenedilig bhigbst qreesayon dtsapprefeybfiiranighst two carbon

tert-butyl ph , R,f;ﬂy xyphenyl , di nmet hoxy- phenyl,
et hoxyphenyl % gx?%g'gggﬁ}é‘ﬁy , ér%%rtoﬁgﬁ%gpht hyl , isopropyl napht hyl, 30

chl or onabtﬁt hyl , et hoxynapht hyl, 2, 6-di net hyl phenyl, 2,4,6-trimethyl phenyl,
2, 6-di - et holyipiengd anusutisiithied imimbanyips canlineofon phample, inlro, onethylimino,

4- ni trophenykendpdmifs, ofylinihd bf feAABKlino.4- di met hyl ani nophenyl,

4- acetyl phenyl, mnet hoxyet hyl phenyl or ‘et h- oxyethyl phenyl, 35

C5- C12-cycl oal kyl which may be substituted by functional groups, aryl,

al kyl , aryl okyrthermbteyl oxy, hal ogen, heteroatons and/or heterocycles is, for
exanpl e, 2g¢ycl opentyl, cyclo- hexyl, cyclooctyl, cycl ododecyl,

met hyl cycl Opteu%t}/c!n’al éjrbUEst Qr%lc%¥t§:olx919851r5)¥>|(amigg,th%lrocx\ﬂf ldRC,-Cralkyl)amino, Ci-Cs-
alkyloxycarbonyl, cyano or C,-C,-alkyloxy,

Ce-Cyz-ary! which may be substituted by functional groups, aryl, alkyl, aryloxy, alkyloxy,

25 halogen, heteroatoms and/or heterocycles is, for example, phenyl, tolyl, xylyl,
a-naphthyl, B-naphthyl, 4-diphenylyl, chlorophenyt, dichlorophenyl, trichlorophenyl, di-
flucrophenyl, methylphenyl, dimethylphenyl, trimethylphenyl, ethylphenyl, diethyl-
phenyl, isopropylphenyl, tert-butylphenyl, dodecylphenyl, methoxyphenyl, dimethoxy-
phenyl, ethoxyphenyl, hexyloxyphenyl, methylnaphthyl, isopropylnaphthyl,

30 chloronaphthyl, ethoxynaphthyl, 2,6-dimethylphenyl, 2,4 6-trimethylphenyl, 2 6-di-
ethoxyphenyl, 2,6-dichlorophenyl, 4-bromophenyl, 2- or 4-nitrophenyl, 2,4- or 2,6-
dinitrophenyl, 4-dimethylaminophenyl, 4-acetylphenyl, methoxyethylpheny! or eth-
oxyethylphenyl,

35 Cs-Cyr-cycloalkyl which may be substituted by functional groups, aryl, alkyl, aryioxy,
alkyloxy, halogen, heteroatoms and/or heterocycles is, for example, cyclopentyl, cyclo-
hexyl, cyclooctyl, cyclododecyl, methylcyctopentyl, dimethylcyclopentyt, methylcyclo-
hexyl, dimethylcyclohexyl, diethylcyclohexyl, butylcyclohexyl, methoxycyciohexyl, di-
methoxycyclohexyl, diethoxycyclohexyl, butyithiocyclohexyl, chlorocyclohexyl, dichloro-



hexyl, di met Bglggygs ohexyl, diethylcycl ohexyl, butylcycl ohexyl,

nmet hoxycycl ohexyl , di- methoxycycl ohexyl, diethoxycycl ohexyl,

but yl t hi ocycl ohexyl, chl orocycl ohexyl, dichloro PF 54783 8 cycl ohexyl,

di chl orocycl opentyl or a saturated or unsé&turated bicyclic systemsuch as
nor bor nyl or ng: L V8 r QlenB lre 2= | -

and/ or sulf u?%’%? {/ll’ ﬁ@ﬁlbmﬁg?c}é%ﬁé@é’ Ir g Sﬁg{ré(t? a;?m?ag%tﬁgﬁ‘%& u?yysiﬂ%rI1 '%' ﬁ‘l’qg%nenyl ,
pyrryl, pyri 890Ny ﬁUFV&F"ﬂ@ﬁzoxazolyl, di oxol ylI, dioxyl, ben zinidazolyl,
benzot hi azol yl, di nethyl pyridyl, nethyl quinolyl, dinethylpyrryl, nethoxy-

furyl, di met heyynyishdmbmbeied S8/gRRY hitdykn- %V&%hﬁm&ﬁﬂéimin? hefRrapYktidlisgny! or

tert- butylthienyl and 10 Cl-CA-al kyl. i for exanple, m | .. éthyl,
propyl , igopf’{ﬂwg‘?’ fﬁ[ygdtfuwrjeng &Y Mt%}indﬁ? inpg\y{, pe%p;%gc_ﬁylc%gé\él S&PW%‘

(al kyl car bongimidazaly!. henzathinzely agiylethylryadylymethglaoimiotyh wimethylbynryll mgihoxsec-
butyl oyl temry|b@a&rﬁétr@xypyriayleaihuérbﬁwdyﬁaﬂe_bwnmlenyld%@zmylkhierdfpdemnoyI :

chl or oacet yl { ﬁﬁi-nia ‘?hl oroacetyl or trifluoroacetyl. ‘

Cl- C18- Al kyl 8&’ carnt 9/ can be, for exanple, nethyloxycarbonyl,

et hyl oxycarbonyl, propyl oxycarbonyl, isopropyl oxycarbonyl,

n- but yl oxycachaopalkyl isefor BxsnyhioXHsaybemyl propyieisbpldgily hxe aebdwl or tert-
hexyloxycarbBP%f, 2- et hyl hexyl oxycar bonyl or benzyl oxycarbonyl. 20

C5- C12- Cycl oal' kyl car bonyl can be, for exanple, cyclopentyl carbonyl,

cycl ohexyl car- bonyl or cycl ododecyl carbonyl. C6-Cl12-Aryl oyl (aryl carbonyl)
can be, for exanphkylodakayarbotyd) aaplbe, forleasinpleaatetyihpriopphyl, n-Datycst, sapht hoyl ,
chl or obenzoyl, &l 0 Z ' Qfelgé ' B
Preference i ls)Utéﬁaglgr@r?%&Eg' %{hy‘ggf(%%b&%@ an : @ggﬁa{%ﬁ?tﬁg&ﬁg@%’hdem |y
of one am? ofMEWPACHYIHF JYRIRrOateYhy| , et hyl, n-butyl, 2-hydroxyethyl,
2-cyanoet hyl ,  2-(net hoxycarbonyl ) et hyl, 2-(ethoxycarbonyl)ethyl,

2- (n- but 0xy a1 bonXldBhfRktbondl carbeTRi bxb ARk ety rba MhyRxyeltbarjine. K7
i's preferablg nmet h etCYI n-‘but l,, 2- ydr(?x)éet ?él A -ce/amoet h}/l, l

2- (et hoxy- FRPHBRIEIRATH, FEowry Seyrark] S gaerpeny, sectitioxyeatbony.

2- ( n- but oxyc tertdautyioyysatbphyl, beetoxiycarperyhieethyihexyioxycarpoml or hendytmxycabbrhy | |
et hoxycapgponyl or n-butoxycarbonyl. 35 Particularly preferred pyridinium
tons (la) ar &-E:t‘zgéy?cléé?ky ca'rgohnypga% E?J, fcgrheeg(aFn%%, %?é!gpeﬁg‘yléagbo%%l, cyclohexylcar-

bonyl or cyclododecylcarbonyl.

Ce-C12-Aryloyl (aryicarbonyl) can be, for example, benzoyl, toluyl, xyloyl, a-naphthoyl,
25 B-naphthoyl, chlorobenzoyl, dichlorobenzoyl, trichiorobenzoyl or trimethylbenzoyl.

Preference is given to R', R?, R?, R*, R® and R® each being, independently of one an-
other, hydrogen, methyl, ethyl, n-butyl, 2-hydroxyethy!, 2-cyanoethyl,
2-(methoxycarbonyl)ethyl, 2-(ethoxycarbonyl)ethyl, 2-(n-butoxycarbonyl)ethyl, di-

30  methylamino, diethylamino or chlorine. '

R’ is preferably methyl, ethyi, n-butyl, 2-hydroxyethyl, 2-cyanoethyl, 2-(methoxy-
carbonyl)ethyl, 2-(ethoxycarbonyl)ethyl, 2-(n-butoxycarbonyl)ethyl, acetyl, propionyi,
t-butyryl, methoxycarbonyl, ethoxycarbonyl or n-butoxycarbonyt.
35
Particularly preferred pyridinium ions (la) are those in which one of the radicals R to R®
is methyl, ethyl or chlorine, R” is acetyl, methyl, ethyl or n-butyl and all others are hy-
drogen, or R is dimethylamino, R’ is acetyl, methyl, ethyl or n-butyl and ail others are
hydrogen or R’ is acetyl, methyl, ethyi or n-butyl and all others are hydrogen or R? is
40  carboxyl or carboxamide, R’ is acetyl, methyl, ethyl or n-buty! and all others are hydro-



i's methyl, qighghygar chlorine, R7 is acetyl, nmethyl, ethyl or n-butyl and all
others are hy- drogen, or R3 is dinethylamno, R7 is acetyl, nethyl, ethyl
or n-butyl and all others are hydrogen or R7 is acetyl, methyl, ethyl or
n-butyl and all others are hydrogen or R®is 40 carboxyl or carboxam de, R7

is acetyl, R?W&"R’ aﬁHW'orW afd Rty etl?é?@orﬁ* | 4MBLE 3R dMedRO P ceg 783 9 gen

or R and form,.1, 4-buta-1, 3-di enyl ene, i's
acetyl , netrﬂVf‘yfthFﬁﬁr" u“ﬂ 8@?&0 helS I IYIMGRET s ar e hydrogen. Particularly

preferred pyridaziniumions (lb) are those in which one of the radicals R
to 5 Rdis F‘@ﬁéﬂﬂdrly@ﬁef@ﬁ@?{ byndﬁm‘uﬁn ﬁ%@t(tb h areBbLW/ i wiiH e &rthé‘réaﬁa}’é Raﬁd al |

ot hers are hydrao R 2 A8 I t

others are [P/ H%@?Y' o’iﬁwlcu\sfrcﬁ %‘Péé?ﬂe‘?tgﬁ"b{)?%waf@?bm*&e %re(qy%oggpgrthose
in which R2 R'ds Raetdy evetiwb lethyyor ntbutyeandorll otbemyare hydrogen. acet yl , nethyl, et hyl
or n-butyl and R is hydrogen, nmethyl or 10 ethyl, or R2 and R4 are each

methyl, R3 is rpc}ﬁﬁjz[rﬁ% &eﬂ‘gﬁip%mﬁw J?%[Q% n33Eare Wﬁ%@’ahwﬁ-ﬁ fs?h %lR" aarQ%aEi?rﬁ, i ons

acetyl, net hyl pyrazinru
(1d) are thoSegsneripgtey. RRS ace yRmeamé ethy! Orrettwgm aréﬁhB megeﬁ ety
met hyl, 1@t hydthysrorRluntd\R* ape edh insthglc & ¥ hydraienydnd RetiByldroge niethyl lor amgh al |

oth- ers are, Iangvrlg) %' B@{,M gmgfgs be&waf erred imdazoliumions (le) are
, In hd

those in whicth one “another, 20 Rl is selected from anong
nmet hyl , ethyl, n-propyl n- butyI n-pentyl, n-octyl, n-decyl, n-dodecyl,

2- hydr oxyet mdnicaxfmlly@refyaad)ﬁyrhyihi,unﬂﬁni;sld}aarettlyds,e imamh:yul, et hyl or n-butyl and
R2 to R4 arq;ng:—‘h,aré DrigReROs |y of one another, hydrogen, nethyl or ethyl.
25 Parti refer zoI are those

i ndepend ntI ! f’g Hemeﬁwgteﬁafr "&YE’F '%’ é%?%G‘QY'f é‘&%&ﬁf%%ﬂ EFWB@?W]L@thI and

ethyl, Rz, R?ssaﬁedWyﬂrcmee sel ected from anong hydrogen and nmethyl and R7 is
sel ected from anong acetyl met hyl, ethyl and n-butyl. 30 Particularly

grngI ﬁ;:ed 3'ﬁabrﬁ/cu Zl?/lplre erre mﬂézo%m%nes er}%sreef\ tf{ors]e\{nm\lrvﬁigh. ihggp%?lsgr%ﬁ/ncgflo}llem one
’ another,

20 R'is selected from among methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-octyl, n-decyt,
n-dodecyl, 2-hydroxyethyl and 2-cyanoethyl,
R’ is acetyl, methyl, ethyl or n-butyl and
R? to R? are each, independently of one another, hydrogen, methyl or ethyl.

25 Particularly preferred 1H-pyrazolium ions (If} are those in which, independently of one
another
R"is selected from among hydrogen, methyl and ethyl,
R? R®and R* are selected from among hydrogen and methyl and
R’ is selected from among acetyl, methyl, ethyl and n-buty!.
30
Particularly preferred 3H-pyrazolium ions (Ig) are those in which, independently of one
another,
R' is selected from among hydrogen, methy! and ethy,
R? R®and R* are selected from among hydrogen and methyl and
35 R’is selected from among acetyl, methyi, ethyl and n-butyl.

Particularly preferred 4H-pyrazolium ions (lh} are those in which, independently of one
another,
R’ to R are selected from among hydrogen and methyi and

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



Rl is sel ect pg §47g51 anong hydrogen, nethyl and ethyl, R2, R3 and R4 are

sel ected from anong hydrogen and nethyl and 35 R7 is selected from anong
acetyl, nethyl, ethyl and n-butyl. Particularly preferred 4H pyrazoliumions
(I'h) are those in which, independently of1bne another, R to R4 are

sel ected from anong hydrogen and nmethyl and 40 R7 is selected from anong

acetyl, net h)ﬁl ... et ER//I ?nd%Ep- butgl . .PF. 54783 10 Particularly preferred
1- pyr azol i ni GATYCHIREY prafsrreg Lryigeelmiym ianmi(Biare ase jewhERt NJerRsndsnly of 998t her
Rl to R6 areasethected from anong hydrogen and nethyl and 5 R7 is sel ected

from anong agetyks addited RSMmoRG tydroes Yha el bl ar |y pref erred

2- | Lni th h, d dent | f t her,
7 "V el Bot Bl oo SRipmbcuen. TR a0 PB phenyl ;10 R7 1S

sel ected from anong acetyl, nmethyl, ethyl and n-butyl and R2 to R6 are

sel ect ed fromaaFnREY Fb@émpﬁ@%lmlﬂns (IBaré sk & Which! ifd&ien@Ently of one

3-pyrazolini umt'b(e)ns 1k) are those in which, independently of one another,

15 R and R2297'8%%el ected from anong hydrogen, nethyl, ethyl and phenyl, R
is selected R inselgrterirememang hydogen, methiyethyrandphsoylyl and R3 to R6 are
sel SCt efl_ﬂ)_r oRY’ mtfwmmngm@e%wm d?@wh@ulwtﬂé ! ef et ed -

i m dazoliniu & nden of one

anot her, Rl Qﬁﬁi‘n"oﬁza'(aerééges?gelr"i‘%@gﬁ@%ﬁ?’%@%ﬁga?}%’% gn, met Kyl, et hyl, n-butyl
and phenyl, R7 is selected fromanong acetyl, nethyl, ethyl and n-butyl and
R3 and R4 ar eageliany pebfdrreand-pyranginiyd long €Ik} angethdrd inamithe indigperadestly Bborend R6

are sel ected fram anong hydrogen and methyl. 25 Particularly preferred

i mi dazol i ni um,ions,(| are those in which, independent]y of one another,
RI and 3o B 280 B ERaisai KRDRITgADBLGH". HEDH, P ACANEY !

R’ is selected from among acetyt, methyl, ethyl and n-butyl and
R® to R® are selected from among hydrogen and methyl.

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

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

Particularly preferred thiazolium ions (lo) and oxazolium ions (Ip) are those in which,
independently of one another,
40 R'is selected from among hydrogen, methyl, ethyl and phenyl,



R7 is sel ecdppl gy anong acetyl, methyl, ethyl and n-butyl and 30 R3 to R6
are selected fromanong hydrogen and net hyI Particularly preferred

i mdazoliniumions (In) are those in which, independently of one another,
R, R2 and R3 are sel ected from anong hydnogen met hyl and ethyl, 35 R7 is

sel ect ed frOﬁ”aé%@l’é&eﬂ‘?@'&ﬁ’émoﬂi&g&fmmﬁihpb’ E}ggl‘ Icupr’éncﬁnd R4 10 R6 are

selected fro %ﬁ’ y preferred thiazolium
ions (l0) arr% Mo?rﬁf’ﬁ{eic drom gyoag Bvqrﬁej%an%mﬁmv h, independently of one
another, 40 R is selected from anong hydrogen, net hyI et hyl and phenyl, PF

54783 11 R7Pér§cn§§r!;ﬁ&ét%ﬁe&ﬁ% HBBLARE Y lg) aFE |F)3é|re tr%l:,Ble whieH, iRadpehyl and
R2 and areﬂi%#ecte From anong hydrogen and met hyl. Parti cul arly

preferre PPRIXNeIm i ons (lg) and (Ir) are those in whi ch, independ-
5 ently of OReandtareseleReddrmmn mPong bydeyers meathyiradhyl andgeydr ogen, et hyl

ethyl and pfvemlselecﬁafﬂoﬁq&ﬂb@é@iylfrhemzaem@ga@qebwaﬁaet hyl, ethyl and

b I d hyl d ph . 10
gar 'ltj;[)éul 2P| 5}52\? Igplleg %tT"eazm%nq ?3(039% m#qybﬁrgue?h%ry ané (?'?) gr:n%/hose in

whi ch, independ- ently of one another, R is selected from anong hydrogen,

met hyl anyd @Méularmprbférrs,@ 2538 1hzbRAMOABRBParRE @) he theBs Mykhicte imispeatd

n- butyl and rﬁ§°?8 5‘?’ot € sel ected from anong hydrogen and nethyl or 15 R2
and R3 tog eteﬁ ﬂ but a- 1, 3-di enyl ene group and all others are

hydr ogen. Pa?t'ﬁéﬁ'ﬁﬁﬁepﬁrom@@?g@@r%ﬁ“r gettii ﬂ”%ﬁgb’bns (1u) are those in which,
i ndependent | iskelected frafrroarherg adélyl angthR7 ethyiearsied-Batyleshdf r om anong acetyl ,

met hyl , et hybz gk h [are each hydrogen.
Particul arl zézpre X‘ar@ﬁ[ebékteﬁﬁﬁr}w %Qoﬁ% d?§ elﬂ’a%rhe tgt gscl n which, | rédeﬁendent |y

of one 1a‘?not'?ne?f”d %ﬁog%th%refp%taédq PHB, H@H&'G%QE%‘P angelipyners afenky ‘n- but yl
and 25 R1, R2 and R3 are selected fromanong nethyl, ethyl, n-butyl,

2- hydr oxyet hydnic RS %féferred pyrrolidinium ions (lu) are those in which, independently of one
another,
R' and R’ are selected from among acetyl, methyl, ethyl and n-butyl and
20  R% R® R*and R® are each hydrogen.

Particutarly preferred ammonium ions (lv) are those in which, independently of one
another,
R’ is selected from among acetyl, methyl, ethyl and n-butyl and

25 R' R?and R’ are selected from among methyl, ethyl, n-butyl, 2-hydroxyethyi, benzyl
and phenyl.

Particularly preferred phosphonium ions (Iw) are those in which, independently of one
ancther,

30 R’is selected from among acetyl, methyl, ethyl and n-butyl and
R', R? and R® are selected from among phenyl, phenoxy, ethoxy and n-butoxy.

Among these, preference is given to the ammonium, phosphonium, pyridinium and
imidazolium ions.
35
Very particularly preferred cations are 1,2-dimethylpyridinium, 1-methyl-2-
ethylpyridinium, 1-methyl-2-ethyl-6-methylpyridinium, N-methylpyridinium, 1-butyl-2-
methylpyridinium, 1-butyl-2-ethylpyridinium, 1-butyl-2-ethy!-6-methylpyridinium,
N-butylpyridinium, 1-butyl-4-methylpyridinium, 1,3-dimethylimidazolium, 1,2,3-tri-
40  methylimidazolium, 1-n-butyl-3-methylimidazolium, 1,3,4,5-tetramethylimidazolium,



and phenyl. Pashigyl arly preferred phosphoniumions (1w) are those in which,
| ndependently of one another, 30 R7 is selected fromanong acetyl, nethyl,
ethyl and n-butyl and RlL, R2 and R3 are sel ected from anong phenyl, phenoxy,
et hoxy and n-butoxy. Anmong these, preferet¥e is given to the amoni um

phosphoni um 4 BYA iifiet Hﬂd%%ljun‘l ﬁ%‘?étﬁ |mldleﬁaﬁum3‘5bl\‘(r S%Eﬂhﬁ%‘% iym, . um

preferred cati o

1- net hyl - 2- ef’ I‘N{I metﬂm'%l%%mmé eﬁ'{h% VH’{/‘!d&??lfLﬂn rﬁy w&{hm*@mqumd@zohum
met hyl pyri di Bdbuty}-1-Inddntliplidazobarhy3-pytyi- ﬁ-ethyhmndazollum 3-butyl-1,2-dimethyl-

1- butyl - 2- et fA¥daRridr! hZldil)ﬁftiu@hﬁildﬁibllun'w\"é)bl@tyipl(%Ltﬂin@tHa}ﬁhdazohum 3 butyl-1.4-

;Lm?ﬁ;%/: m%az%ﬁ/dﬁeﬁ iﬂdalﬁgih{ljrqm -blgy?"- -gﬁn&yrﬂdégggﬁzar# HmjtyilZ n’le?fhyllmldazollum 3-
1,3,4,5-tet ram%methﬂlmw@wllunrm:i trptyl At g-4tmethylipidazeliumrentbut-dazol i um

2, 3-di net hyl bR/ Iehaagzdlium, 1J:néahl;tlaaLoczynan@bz@mrhyi-ue%wieméthww.dazoluum
3, 4-di et hyl i m dazolium 2-ethyl - d| nmet hyl i m dazol i um

3-net hyl - 2-et hyl i mi dazolium  3- butyI -1-net hyl i m dazolium 3-butyl -1-ethyl
i m dazol i um Espasial preferencedis givenye 1 hUFM‘-ddE@hY'BYﬁd'mUTBr #n=bwtthdt yl i m dazol i um
3-butyl - 10 4, FethyiifRaEMIuMTASAZALbUR3- e’imbmtldﬁzonurﬁ 5 di met hyl i mi dazol i um
3-butyl - 2- rret hyl'i m dazolium 1, 3-dibutyl-2-methylimdazolium 3-

butyl - 4- math | i m dazolium 3-buty] - 2- ethyl 4-met hyl i m dazol i um and

3-butyl - eXﬁW'PFﬁ' @ 2giongrye QQW‘PEWHE}'PJ'BDWRHH m dazol i um

1- decyl - 3 met hyl i m dazolium Especial preference is given to

L ?E%‘g P&g%ﬂ%‘#ﬂ}ﬁﬂd "E%E’L%ﬁ‘ é%té%ﬁ‘j}%b“@ Wg&zﬁgg&%m
| & prigidp G YHfate Q" vq'ra@gnsu gpethylsul ‘E’ﬁ&‘)’-
Ito ; : P ﬂjgr oacesufiate CHEROS0Y, sdlfite, S@i h!/datb@r@ﬁmw$05 utHeroalusRes AIC!,, AlLCly
Qﬁﬂ Iotg:n; & f2 ?A@cslﬁ@éhabggmééi%@a{efﬁba , &Fdﬁgbcﬁu bme;&u&%t@
A3 0, ot PSPUBA I NASAPEPPNaI PP %m@ogﬁrfwwbqﬁ&ﬁéh%%wsrate

cucl 2. pho€PkathgdPgaBcarbdnatiy U@@r:aphosphate HPO42", di hydr ogenphosphat e
H2PO4, caybonate CO32-, hydrogencar bonate HCG3. 20 Particul ar preference

is given to agr? lﬁgre;%efe?eur!ce(?paﬁ/gr% to zgc%‘?e}fésatsﬁlfc%a%gg%%y a§C§ ’CP-F tl Iji%tdes sulfates,

phosphates, bis(trifluoromethylsulfonyl)imide (CF;SO,):N".

An embodiment of extractive rectification is described in WO 02/074718 (cf. Figure 1).

25 (2) indicates the inflow of the entrainer into a countercurrent rectification column, Since
in conventional processes the entrainer has a low but appreciable volatility compared
to the overhead product (stream 7), the separation elements (1) have to be used to
separate overhead product and entrainer. The separation elements (3) and (5) effect
the desired separation of overhead product from bottom product under the action of the

30 entrainer, stream (4} is the feed stream of the components to be separated (feed),
stream (6} is the bottom product and the entrainer. Separation elements can be, for
example, trays, ordered packing or random packing.

The use of an ionic liquid as entrainer has the advantage that the vapor pressure of the
35 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.
Only when volatile impurities are present in the ionic liquid, e.g. components which
have not been able to be separated off completely during recycling, is this not the case.
To separate these impurities from the overhead product, it may be necessary to install



phosphat es, IgiFs&?hyl uor onret hyl sul fonyl )i m de (CF3SQ2) 2N-. An enbodi nent of
extractive rectifrcation is described in WO 02/074718 (cf. Figure 1). 25
(2) indicates the inflow of the entrainer into a countercurrent
rectification colum. Since in conventiont processes the entrainer has a

| ow but appr afigAl érﬁne/rﬁ'sa%t% Y HTRB G o é@f§@ﬁe%%%lta% lafl QEUEE ofBL EGAM 7).

t he separation e separate over pr O uct
and entrai ne¥M¥he separation el enents (3) and (5) effect the desired
separation of overhead product from bottom product under the action of the

30 entrainer héﬁ(ﬁmé@ntég%stolf'%n cqﬁ%%tcb H?e‘aftoggﬁvéﬂs?géi{éﬁﬂéﬁds% RQtrac-

separated_(feed bott om product an e entrainer.
Separation e Mféca%g@]a@e S?Btfa?' Yexanpl e, trays, ordered packing or random
packi ng. The use of an ionic liquid as entrainer has the advantage that the

vapor pressuge 0f|oﬁ|é1ﬁqu.o%5are%&§ge@bﬁe th%b&@ﬂ@oﬁaﬁ‘%&éfﬁ@@ bhStREr t&rh-

pressure in the mxture ct,_are ose tO zero. Thus,
the separation ePafRtXe¥ h(gf)se@& V'B’e\{'ﬁp’ﬁﬁé&i’sﬁﬁg e for a gpalien fAass Ay £ e
impurities are pipessito convantiendl emiractive aedtiticationgof entrajpenentesfedite tte edtrave not

been abl ggto be $.e@aécaﬁ@ad.oﬁfahd@pfmlrﬁ,weyoﬂmrabr@qcmrey@é ke ektfactiié fecifda-t he
case. To separ at“e t hese fromthe overhead product, it may be

necessary to |nst8nICO|BEn§9fg§§e Lff an enrichment section between the feed
point for the ionic liquid and the top of the col- ums. The known

advant ages of i oRsG dek@itibdfe éﬁtﬁé}ﬁél?(bv& @adb‘?ﬂ?&ﬂ&r‘e%@{e St NRIridus Begsafhs ac- S
tive rectlflcatlﬁm are ssent seleﬁtlvethan

L et} Cat} M BasiebSROI L ot apet i any sl S oSSRt e o8, "an
make it Pdssi bl e oh@recifietignicelumpeis Sopvaniona eriragine sertifieatiaprrparie) usad for

extractive recti kegarhiimthe @ntra@inks RorA Ge bdtopeproadcett 0 t he extrac 10 tive
rectification and/or the nunber of theoretical plates in the extractive

rectifica- tion colum to be reduced. As a result of the extrenely |ow
vapor pressure offheisepaatiomaeigeents\d) ead ity sapgeatian of therenygineafrpovise @erch of f er
operating and capbé@brd@i@&ttm@dmmtlm%xmw tdrwfusmu@nlt’inatMsé@eétiohiimé\ie@n

col um | Boconvenilapale SLAR oSl Bl LI RHIRUEAR BR ABSFLIAL witBhARE, N

t he entralner from aration e
separation of thé&ee#Heten ﬁememsdm is et RRssible WH%PUBG@?‘“WH‘*W&?W@W pliltnal
extractive recti theciabicdiguidbut the separation is never

. Capital costs are reduced by elimination of the separation elements (1).

25
Suitable ionic liquids are ones which in a total concentration in the liquid of from 5 to
90 mol%, preferably from 10 to 70 mol%, lead to a separation factor between the target
components which is different from one.

30  The use of ionic liquids as entrainers in extractive rectification is particularly useful,
inter alia, for the following applications: for example azeotropes: amines/water,
THF/water, formic acid/water, alcohols/water, acetone/methanol, acetates/water, acry-
lates/water, trimethyl borate/methanol, or close-boiling mixtures: acetic acid/water, C4-
hydrocarbons, C3-hydrocarbons, alkanes/alkenes, general separation of polar and

35 nonpolar materials which form azeotropes or are close-boiling.

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
bottom product in a second distillation column. Since ionic liquids cannot be vaporized,



20 conpl ete. p aedprge of proportions of ionic liquid via the vapor phase
wi thout the " separation elements (1) is not possible because of the
extrenely low volatility of the ionic liquid. Capital costs are reduced by
elimnation of the separation elenments (Hh4. 25 Suitable ionic Iiquids are
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boi | er ucts which are not taken off as desired low boilers at the top of the extractive distillation
column. In the system tetrahydrofuran (THF )/water, for example, the THF would be the
low boiler and the water would be the high boiler. Particularly when there is a relatively
25 large proportion of high boiler in the bottom stream from the column, further separation
can be extremely difficult.

It is an object of the present invention to find an improved process for separating
azeotropic or close-bailing mixtures by means of an extractive rectification, which

30 remedies the abovementioned disadvantages and allows separation to be achieved in
a technically simple and economical manner.

We have found that this object is achieved by a process for separating azeotropic or
close-boiling mixtures by means of an extractive rectification in which an ionic liquid is

35 used as entrainer, wherein a high-boiling bottom product is taken off from the column in
vapor form via a side offtake.

The process of the present invention is shown by way of example in Figure 2.



and the high boiler in highly pure formin a technically sinple manner.
Furt hernore, prgapasati ng the valuable ionic liquid fromhigh boilers still
present after the extractive 20 rectification and recovering it in high
purity are conplicated in process engineering terns and are
energy-consunming. In this context, high bBilers are all vaporizable prod-
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Since the IL

consi sts ent {ienegigseio tFﬁ Bﬁﬁ%lﬂaéti%"arlwagrapy ffoa'kewa pkthe fyeq bgherB@ast si de
stream (2@) . pidteissvesy gertiofilbthy efaalsly tinectigdunpireniottomeessglatey are desi gned
according to the usual rules of distillation, depending on the specific
separation t I n question. Since the separation factor between |IL an

is infini te %ﬂ%“ gMoxat $3he sifg glieans dependsanhe PEBTISSRISAFRPSatre Pt thSt her

hi gh- boi | i ngbottoppuof the extractive rectification column. The larger the stream, the more HB is

removed from the stripping section of the column and the less HB is present in the IL

25 and thus in the bottoms. As a consequence, the temperature increases at the bottom
since the IL has no vapor pressure. Here, the thermal stability of the components in the
bottoms and the stressabitity of the material have to be taken into account. The object
is a very low HB content in the IL without thermal damage occurring. Depending on the
mixture and the operating pressure, the permissible temperature at the bottom can be

30 from 50°C to above 200°C. It is preferably in the range from 100 to 200°C. Owing to
the thermal stability of customary ionic liquids, a temperature of 250°C, preferably
200°C, should not be exceeded.

The side stream enables the HB content of the IL to be reduced greatly. It is possible to
35 achieve HB contents in the IL of less than 10%, preferably less than 5%, particularly

preferably less than 1%, with the achievabie values depending on the pressure and

permissible temperature in the bottom of the column. The removal of the HB from the

IL is aided not only by a high temperature but also a high vapor pressure of the HB and

a low column pressure. The concentrations indicated are, unless indicated otherwise,
40 by mass, i.e. % means % by weight and ppm means ppm by weight.



15 ties are present or are fornmed in the liquid phase or a mxture of IL and
conventi onal prsy7ggnt s has been used as entrainer, further separation

el enents are necessary. The high-boiling product is preferably taken off in
the side streamin the stripping sec- tion close to the bottom particularly
preferably fromone of the three bottommo¥& 20 plates, very particularly
preferably directly fromthe bottonmost plate. The opti num anount of the
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bott om stream obt ai ne omthe colum. “Thi's reduction 1n_concentration can
in some appl MEBRYIGHEIRRRI@PPAEIUSU PP edde @i noaRaldasiye reptificatien. whidhdlhi d so
t hat the ways requires a second column for the work-up of the entrainer, this represents an
appreciable simplification of the process and gives considerable capital cost savings.
25
In the case of higher purity requirements or a not yet satisfactory decrease in concen-
tration of high boilers in the bottom stream, it can be advisable to subject the stream to
a further work-up before it is recirculated to the column in order to counter undesirable
contamination of the overhead product. For this purpose, the bottom stream which has
30 been taken off is fed to an evaporator and/or a stripping column in which the residual
content of high boiiers is reduced further. The ionic liquid obtained in this way is subse-
quently fed back into the column. These variants are shown by way of exampie in Fig-
ures 3 and 4. They correspond essentially to Figure 2, but an additional work-up of the
bottom stream is shown in these cases. This work-up is effected by means of a stripper
35 (35)in Figure 3 or by means of an evaporator (45) in Figures 4 and 4a. in Figure 4a,
the gas stream from the evaporator (45) is passed to a compressor (48).

The process of the present invention offers an economical and technically simple way
of separating azeotropic or close-boiling mixtures. In this process, a large part of the
40  high boiler present can be obtained in high purity with a low outlay in terms of appara-



bbtton1streagkgﬁggéned can be recirculated directly to a point close to the
top of the colum in order to reuse the ionic liquid as entrainer. 15 For

econonmi c reasons, the IL has to be circulated, i.e. HBremaining in the IL

i-s re- turned together with the IL to thetzop of the extractive
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5 umn, 179 kg/h of pure methanol were taken off in vapor form via a side offtake. Top
and bottom temperatures established were 63 and 180°C, respectively. 1364 kg/h of a

" stream consisting of 99% of IL and 1% of methanol were obtained as bottom product.

The heat exchangers had the following power requirements: column condenser:
30 95 kW, column vaporizer: 303 kW, side stream condenser: 63 kW.

Result: The azeotrope is broken by the ionic liquid. A purity of 99% is achieved in the
overhead product. If this product purity is sufficient, no further work-up of the IL dis-
charged at the bottom is necessary. It can be recirculated directly to the top of the col-

35 umn. In this way, the use of IL as entrainer and a column with a side offtake can over-
come the problem of the azeotrope and a product of relatively high purity can be pro-
duced.

Example 2: Extractive rectification without side stream
40



5 required f?p sipgs purpose is significantly |ower because of the renoval of
the high boiler according to the present invention. Exanples 10 In the

foll ow ng exanples, all concentrations are, unless indicated otherw se, by
mass, i.e. %is %by weight and ppmis pg8m by weight. In all exanples, the
feed to the extractive rectification colum was 844 kg/h of a binary

m xture consisting of 77% of TNB (tri nmethyl borat eil and 23% of net hanol .
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region of the col m, 1797kag/ h re methanol were taken off in vapor
formvia a s‘?‘?{@%@%%l@é’!“%ﬁ”ﬁﬁ%{' E%q Mm t enper at ures establ i shed were 63
and 180C, respectively. 1364 kg/h of a streamconsisting of 99% of IL and
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product purity is sufficient, no further work-up of the IL dis- charged at
the bottomis necessary. It can be recirculated directly to the top of the
col 35 um. In this way, the use of IL as entrainer and a colum with a side
of ft ake can over- come the problemof the azeotrope and a product of
relatively high purity can be pro- duced. Exanple 2: Extractive
rectification without side stream 40 PF 54783 18 1452 kg/h of the IL
(1-ethyl -3-nmethylimdazoliumtosylate) were introduced at the top of the
colum. The IL contained 1% of methanol. 657 kg/h of overhead product
consisting of 99%of TMB and | % of nethanol were obtained. No side stream
was taken off. Top



S and bottompgepggat ures established were 63 and 94C, respectively. 1639
kg/h of a streamconsisting of 87.6%of IL and 12. 4% of nethanol were
obtai ned as bottom product. The heat exchangers had the foll ow ng power
rrequi rements: colum con- denser: 95 kW 1l um vaporizer: 136 kW10 Result:
The I'L-rich gid gam obtained at the bottom of the colum has a methanol con-
centration of over 12% which is too high. This IL cannot be circul ated
directly and re- turned to the colum, since purities of 99%in the
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ionic l'iqgid preseiby difechBethabetlombst giastem hi gh boilers still present by
vapori zation. 15 4. A process as clainmed in any of clains 1 to 3, wherein

the bottomstreamfromthe columm is passed to a work-up stage in which the
i oni ¢ |iqui d3pr edgtipcass asegimed Ay @aimot or 4.pherein e rttonesteeasn from the ealemn by
stripping. 20 5. ispaased esswark-uy stageh wiictcihaiionid liquid presehies eeparbied dfot t om

st ream whi ch has f%ﬁﬁﬂgh ﬁ@@ﬁ%@%%&%h?%&%g%ﬂs is recirculated to the

colum, preferably in’t section, particularly preferably onto
one of the upper m)st 3 plates, very particularly preferably onto the
upper nost pl at e. AZBofessAspiaies h sy oflcaimed to 8, eheeimtBe bottein stvbam diom thee
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one of the upper §'i’ Ofifs "Bmd'f&%bo'@é??"'ﬁ%ﬁqn&m’§V'P INgr ef - erably onto the

upper nost pl ate.

20 5. A process as claimed in claim 1 or 2, wherein the bottom stream which has been
depleted in high boilers is recirculated to the column, preferably in the enrich-
ment section, particularly preferably onto one of the uppermost 3 plates, very
particularly preferably onto the uppermost plate.

25 6. A process as claimed in claim 3 or 4, wherein the ionic liquid recovered from the
work-up stage is recirculated to the column, preferably in the enrichment section,
particularly preferably onto one of the uppermost 3 plates, very particularly pref-
erably onto the uppermost plate.



