1-9 SEP 2005 lonic liquids as selective additives for separating
close-boiling or azeotropic mxtures 5 Description The invention ra“£§ﬂ§ﬂmp
a process and a nethod for separating close-boiling or azeotropic m res
by using ionic liquids as selective additives in rectification. 10 Numerous
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factor is great n 1. 20 proced equently enployed in industry for
separ at i nd d@?é@ gﬁwpﬁﬁ@tgﬁ%tens - by which is nmeant a separation factor
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The effort of separating a binary liquid mixture composed of the

components i and j by rectification is reflected in what is known
as the separation factor a;j, the distribution coefficient of
components i and j. The closer the separation factor approaches

25 the value one the more effort the separation of the components of
the mixture by conventional rectification requires, since either
the number of theoretical plates in the distillation column
and/or the reflux ratio at the top of the column must be
increased. If the separation factor assumes the value one an

30 azeotropic point is reached and further enrichment of the
components of the mixture is no longer possible, even if the
number of theoretical plates or the reflux ratio is increased. In
general when making use of the separation factor it has to be
borne in mind that it can be greater than or less than 1

35 depending on whether the distribution coefficient of the low
boiler is in the numerator or in the dencminator. Normally the
low boiler is placed in the numerator so that the separation
factor is great than 1.

40 A procedure frequently employed in industry for separating
close-boiling systems — by which is meant a separation factor
less than 1.2 for instance — or azeotropic systems involves
adding a selective additive, commonly referred to as the
entrainer, to an extractive rectification. A suitable additive

45 influences the separation factor by selective interaction with
one or more of the components of the mixture so that separation
of the close-boiling or azeotropically boiling components of the



addi ng a selective additive, coomonly referred to as the entrainer, to an
extractive rectification. A suitable additive 45 influences the sep?r agét ﬁ@ﬂﬁ
factor by selective interaction with one or nore of the conponents & P
m xture so that separation of the close-boiling or azeotropically boiling
conponents of the 1 9 SEP 2005 2 mxaure is made possible. in extractive
rectificatyQRut8eis Qﬁ&oﬁégﬁb@t aighededhct iR tr%t@@@c@@i&rpr@hgf the colum
due 10 LRGRERLON: oqt.-ﬂ%sn;% AT B £nt N0 A0 sahered he

colu R ensity o he i n erac |ons t 8%eHirai ner
Wit h one d?henﬁFEI%q thé&PeoRPLIRME GFetFl}ée rﬁ%&‘i‘fr"ecP@P‘b‘F%‘ﬁsd 8TpyPe what i s
known as SsllgEpivity. Selectivity is defined as the ratio of the limting
activityscoefficient of conponent i to the 10 limting activity coefficient
of conponeninehsuf®PORYBL $nteRdidty ofb%@gnm&%%%oag &h ﬂHU Rt giddagree of

di lution i Wi H‘Sngnc;){ Qno@?oof[égug gnpogfangs oé th% m’léjcuré t%é‘gxnaléci %Y

activity CO€

n- met hyl - 28§ 81 FRfHe 25( Rﬁﬁc“é’ﬁr‘}é'rl ﬁ‘é%?%ﬁlvr?ﬁé's&rseﬁ%f'&’?daﬁa ERE P io
predi cti ores; theuldmitgnphacti vy ISogfifaciget (X0CeMpPppent 7Z- ¥29khe As expounded
by Schuia liefitiag.actdviitghesehidisnneof sedmgeinenitt ¥, r esmddrents 8 didgher

relative \ﬂ@.llagl ptdsdentd altoxmrmieinllt@xdé@ié@ ANGiNGRESn | ih [tawebntseRaAat i ng

costs. %ﬁﬁhese& 'aats% og gsxsf PG selactivity as
s -4 %5 t"*% iPEey LB SRS
ossi bl e, ter ef

e P e or aedber Shabial &y PF? eoe & 6o "L BRTRY | 1AV ASOLF 997 he

separ at i orf N§F) az%%WBta%&%S%%ét%ﬂqq A ALt E?%@lwonﬁherﬁsq s of the
entrai N RebecEquiltiyprandld? (P lgeprs hiT-0r2905 Racempoursieshbynsdmiidw. The
activity caefgicj antrﬁgpbayé@gradeeysem&ﬁx}lrtye&beawerirseal @ebhytty at
infinite dighdpigd mratlmtﬁleta@rﬂawagdr@ym \&aartll%tx hé&?ém@kslo@éleferabl y by
usi ng ga% k)u?g{gngg'}o%ngt Oﬁé%%lﬁ)g‘g Pa'lfer on) Lclslghgzl.r;[ll st to acﬁg%ve as’

Infinite toer ral "so

hexacl ecafd94nd ?%%tﬁ'ﬁﬁﬁ | 29 BRASHBIE o oFred ﬂ?ﬁ)ateéx'b}é?“? rﬂer?t'aPremYerrent s
and UNIFAGrgeeef ctiaan$;-OFl ui d Phase Equilibria 179 (2001) pp.117-129] and
equations (4) and (6) used in the latter publication by Schult et. al. 35

On groundshef s6AStiSingh8i 8édvdisy 0@ Bhai s A&HiNg+eMBENdorf ioaddi tigiBds0 be

enpl oyed. ¢ Qetﬂé‘t{]egla'}%hbﬁ @P'Vaaééto%% Hé'é/n@/o‘isﬁ%se-g'ﬂ)‘@ﬁtﬁ%t haktyrdd dnhe

| i-qui h n Lar
quid p a & as{s of e entréﬁﬁ%r se ect1v1ty and of the separation

25 factor is shown below. The activity coefficients playing a key
role in entrainer selectivity at infinite dilution can be
determined by a variety of methods, preferably by using
gas-ligquid chromatography (GLC or GLPC) [Schult, C. J. et. al.;
Infinite-dilution activity coefficients for several solutes in

30 hexadecane and in n-methyl-2-pyrrolidone (NMP): experimental
measurements and UNIFAC predictions; Fluid Phase Equilibria 179
(2001) pp.117-1293} and equations (4) and (6) used in the latter
publication by Schult et. al.

35 On grounds of costs, the aim is to minimize the amount of
additive to be employed. The entrainer is advantageously present
substantially in the liquid phase in the column. Large volumes

- might result in an enlargement of the column diameter but would
always give rise to an increased pressure loss in the vapor phase

40 in the column and hence also to a greater energy loss.
Accordingly, an increase in the quantity of entrainer results in
increased capital and operating costs.

For a given column length and the same reflux ratio the higher
45 separation factor yields a purer product or for a given column
length and degree of purity of the overhead product the higher
separation factor results in a lower reflux ratio and hence in
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25 than 200 °C, preferably less than 150 °C, particularly preferably
less than 100 °C and at the same time are of relatively low
viscosity. They are highly soluble in a large number of organic,
inorganic and pelymeric substances.

30 By comparison with ionic salts, ionic liquids are molten at
substrantially lower temperatures (below 200 °C as a rule) and
often have a melting point below 0 °C, in some cases down to
—96 °C, which is important for the industrial implementation of
extractive rectification.

35
Moreover, ionic liquids are usually nonflammable, noncorrosive,
of low viscosity and are exceptional by having an immeasurable
vapor pressure.

40 Compounds designated according to the invention as ionic liquids
are those which have at least one positive and at least one
negative charge but are overall neutral in charge and have a
melting point below 200 °C, preferably below 100, particularly
preferably below 50 °C.

45
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of the fOEleéﬁ% Q%%ka&giﬂ&vgf l@%s§5a five~ to six-membered heterocycle
possessing at least one phosphorus or nitrogen atom and
20 optionally an oxygen or sulfur atom, particularly preferably
those compounds containing at least one five- to six-membered
heterocycle possessing one, two or three nitrogen atoms and a
sulfur or an oxygen atom, very particularly preferably those
having one or two nitrogen atoms.
25
Particularly preferred ionic liquids are those having a molecular
weight of less than 1,000 g/mol, very particularly preferably
less than 350 g/mol.
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RLRT/ \NND+ 5R2(s) 101 (u) 15 R2 R2 (v) (W 20 as well as

ol i gopol yners or polyners containing these structures, where R1, gﬁ

R4, R5, R6 and R7 independently of one another each 25 stand for Cl g 52%5
al kyl, C2 - C18 al kyl optionally interrupted by one or nore oxygen and/or
sulfur at ons and/or one or nore subssituted or unsubstituted imno groups,
C6 -- C12 aryl, cycl oal or a five- to six-genberqgh heterocycle
possessi ng . oxy e} ni yrogen and/ \Lnfur atons, or twosof themjointly
form 30 an unsatu,q.LNésaturated or (NI’&'[IC ring option i nterrupted
by one or nore oxygen\and/or sul fur gto and/ or one or substituted or

unsubstltuteqqg ups, wher ' ~aspfiues  ca tituted
by functBonal 'groupy, aryl, alkyl, arYl &y, alkyl oxy, hd®d4en, hetero atomns
and/ or heterocycles| 35 6 RL\NN RO R2 (t) RT R7 1o I R1-N- R3 Rl-p

R3 Rl, R2, R3, R4R2R5 and R6 can addRgional |y represenRhyf ogen.
Nbreover R? can stand for Cl - C18 al kyl oyl (alkylcarbonyl) ClL - C18-

aIkonxycarbonyI q% Cl12 cycloalkylcQLbonyl or - Cl12 aryl oyl
(aryl car bonyl ), wh gl n said residues n be subst i tuted functi onal
groups, 1aryl, al kyl, aryloxy, alkyloxy, halogen,
R’ R7
|® I
R1 _T— R3 R‘—P-(-D—— R3
15 R2 R
(v) (w)

20 as well as oligopolymers or polymers containing these structures,
where

Rl, R2, R3, R%, R, R® and R’ independently of one another each

25 stand for C; — Cj;g alkyl, C; — C;g alkyl optionally interrupted by
one or more oxygen and/or sulfur atoms and/or one or more
substituted or unsubstituted imino groups, C¢ - Cj; aryl, Cs — Cis
cycloalkyl or a five- to six-membered heterocycle possessing
oxygen, nitrogen and/or sulfur atoms, or two of them jointly form

30 an unsaturated, saturated or aromatic ring optionally interrupted
by ore or more oxygen and/or sulfur atoms and/or one or more
substituted or unsubstituted iminoc groups, wherein said residues
can each be substituted by functional groups, aryl, alkyl,
aryloxy, alkyloxy, halogen, hetero atoms and/or heterocycles.

35 '
R}, R?, R3, R4, R® and Rf® can additionally represent hydrogen.

Moreover, R7 can stand for C; — Cig alkyloyl (alkylcarbonyl), C; —
Ci1g- alkyloxycarbonyl, Cs — Ci» cycloalkylcarbonyl or Cg — Ciz

40 aryloyl (arylcarbonyl), wherein said residues can be substituted
by functional groups, aryl, alkyl, aryloxy, alkyloxy, halogen,
hetero atoms and/or heterocycles.

Therein
45



hetero atons and/or heterocycles. Therein 45 1 9 SE P 2005 7 Cl1 - Ci18

al kyl optionally substituted by functional groups, aryl, alkyl, aryloxy,
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3- net hyl amyno o rﬁ{@ gé%l )glrﬁr&tr% ?Hp %g&&h% % ma£ é/th n‘g,%gg;fpy ,
2- di et hy|2aﬁh erz SPhb oxyexhy; nerhil'r%ﬂxﬁéﬁ?o%ﬁl

4-di rretlrﬁ/llaﬁrﬁé%ﬂfw2-1’16 ar%ﬁm-érrﬁnéh@@]lan-? Bydr oxy- 2, 2- di et hyl et hyl ,
2- phenoxy att-mglchy P- hitewidrypl apyd ~y13- @ hésopaqpoxyeithyl, ph-ennsoycbprg;byl

6- phenoxy hexyky1@xyaingaxyehivtonedniyel hpxyprdaekny3; net ixypoasyhy1,30

4- met hoxy Qu; ﬁguoébﬂgﬂﬂyaxybefyalmé%h?&hgxafﬁgﬁéethgl ﬁrEB%Hyg%ggg?ropyl

3-eth b h
optel O(r)]g?/lo;ol tq}y a E%ythmme Eé gi(%gjfrﬁg%jg?gréﬁjl'fur atons and/or one
rgro Yarayl by way of

s AN A i LA
exanpl e f @-h5dhgxirrrepy3, oé’(alp‘eﬁnqﬂYPIOBYhy&W@XBb@tb&acﬁcﬁwﬁ;‘oxyhexyl.
11- hydr oxy~3ambnSe thyilgx avadnydr,opyl- hy damiaoptopya; hepinyinobutyl,

11- hydr ox¥-4m8nshaxaundesytnyl Amnb¥dhpXy -2-dhet h¥2ahi Aot adecyl ,

9- hydroxy35m8§ﬂ&fgﬂﬁﬂopropyl 4-methylaminobutyl, 6é-methylaminohexyl,

25 2-dimethylaminoethyl, 2-dimethylaminopropyl,
3~dimethylaminopropyl, 4-dimethylaminobutyl,
6~dimethylaminchexyl, 2-hydroxy-2,2-dimethylethyl,
2-phenoxyethyl, 2-phenoxypropyl, 3-phenoxypropyl, 4-phenoxybutyl,
6-phenoxyhexyl, 2-methoxyethyl, 2-methoxypropyl, 3-methoxypropyl,

30 4-methoxybutyl, 6-methoxyhexyl, 2-ethoxyethyl, 2-ethoxypropyl,
3-ethoxypropyl, 4-ethoxybutyl or 6-ethoxyhexyl and,

C, — C1g alkyl optionally interrupted by one or more oxygen and/or
sulfur atoms and/or one or more substituted or unsubstituted

35 imino groups stands by way of example for 5-hydroxy-3-oxapentyl,
8-hydroxy-3,6-dioxacctyl, ll-hydroxy-3,6,9-trioxaundecyl,
7-hydroxy-4-oxa-heptyl, ll-hydroxy-4,8-dioxaundecyl,
15-hydroxy-4,8,12-trioxapentadecyl, 9-hydroxy-5-oxa-nonyl,
14-hydroxy-5,lb-oxatetradecyl, 5-methoxy-3-oxapentyl,

40 B-methoxy-3,6-~dioxaoctyl, ll-methoxy-3,6,9-trioxaundecyl,
7-methoxy-4-oxaheptyl, ll-methoxy~4,8-dioxaundecyl,
15-methoxy-4,8,12-trioxapentadecyl, 9-methoxy-5-oxanonyl,
l4-methoxy-5, 10-oxatetradecyl, 5-ethoxy-3-oxapentyl,
8-ethoxy-3, 6-dioxaoctyl, 1ll-ethoxy-3,6,9-trioxaundecyl,

45 7-ethoxy-4-oxa-heptyl, ll-ethoxy-4,8-dioxaundecyl,



14- hydr oxy- 5, 10- oxat etradecyl, 5-net hoxy-3-oxapentyl, 40

8- net hoxy- 3, 6-di oxaoctyl, 11-nethoxy-3,6,9-trioxaundecyl, 19 SEP 2005
7- met hoxy- 4- oxaheptyl, 11-methoxy-4, 8-di oxaundecyl,

15- met hoxy- 4, 8, 12-tri oxapent adecyl, 9-net hoxy-5-oxanonyl,

14- et hoxy- 5, 10- oxat et radecyl, 5-ethagxy- 3-oxapentyl,

8- et hoxy- 36,0 0xagCteyhy_Jll1- 5&%)&- - t4 decyl._

7- et hoxy- %:50?9{1 %y'}s’ 1%1%%%% - %ig?%gkas{)ﬁ%é?%?, §1<¥%a §%EYE> 3{)05 8

15- et hoxy+42€8h%Y r'i%i%%?%‘c?é%ﬂ’, *9- et hoxy- 5- oxa- nonyl or

1- 4- et hoxy-5, 10-oxatetradecyl. If two radicals forma ring these radicals
may j oi nt lI¥ svanhdiamls5fdrB-prrdpygl ehese adltibaly| Bae, j&inadg- st&rdriopy| ene,
1- oxa- | ,531pBopYdBNRnes- QX A=butd IenhepYh esea - 11, 30p2opy Beid 0peny| ene,
1'aza'|’31gé9§$ivgiﬂy% yi'ﬁé?’éz% Lgyglﬁgdéyé%héy3}96§43¥v6L§98penylene,

1, 4-buta-I, 3- |e%l eng, ?-aza-l, - uéﬁﬁ-i P |fn%zfeg§ or

2- aza- 1, 431p8FA- 1/ TRICBRYYLRE: 10 (T8~ ThE K hbet ~ 373 Oxy gBRCORTY S esul fur at ons
and/ or i mlné-Breams Srdienptens nilraga-1t davverar 3raeny A6 nmore than 5 in
t he radi calpzapl ef-dnuably, hedimydenhan 4 and very particularly preferably no
nore than 3. Furthernore, between two hetero atons there is usually at | east

one carbo t o e | ,eas ti . u HR&“' ut ed

i mno gr ogél% +c\an. el[)l‘r%:%[y[gag é(%?at?d %Qeﬁg%ﬁe aﬁﬁﬂﬁoéﬁg}et ]?rlﬁ%oﬁgf i ltsl’

i so- pr opy PR A Buth FRHS ot 8r DR FPRP b 20t PR FRBr BP9 58 L

f unct i onaPr§FSRAR Ys RNASTE orhata fhaRY, veiar BeXAAF a2 iy direfpraby necl- ¢4

al kyl ) - amimpoe @iarC8.al kyl oxycar bonyl, cyano or Cl1-C4 al kyloxy, C6 - Cl12
aryl opsionally substituted by functional groups, aryl, 30 alkyl,, aryl oxy,
al kyl oxy, rhal QoeRbrelebetPedt AR ARELAS NRLRr QA¥EL e8s SiRRA3y by Washsef exanpl e

for pheny%nffgérﬁ%d&égﬁl h%%eiﬁ’er*%?’?&g#ﬁ%a% hyl, 4-di phenyl yl,

chl or opheny I"or op I or ophenyl, difl uorophenyl,

met hyl phenyl, di met hyl phenyl, trinethyl phenyl, ethylphenyl, diethylphenyl,
35 i so- pr §pYsphahpd aper eopiRsHiSHERY | IS SEPHPRePAN PardheRYy pHenyl |,

di met h@oyphanyle istinoxypéreyl iminexyisoapieeyiininet mAmayitihyhe or

i sopropyl gaphtbwtyv1imhher onoapht hyl, et hoxynaphthyl, 2, 6-di met hyl phenyl ,
2,4,6-trinethyl phenyl, 2,6-di net hoxyphenyl,

Furthermore,

25 functional groups stands for carboxy, carboxamide, hydroxy,
di-{C;-C4 alkyl)-amino, C;-C4 alkyloxycarbonyl, cyano or C;-C,
alkyloxy,

Ceg — C12 aryl optionally substituted by functional groups, aryl,

30 alkyl, aryloxy, alkyloxy, halogen, hetero atoms and/or
heterocycles stands by way of example for phenyl, tolyl, xylyl,
a-naphthyl, B-naphthyl, 4-diphenylyl, chlorophenyl,
dichlorophenyl, trichlorophenyl, difluorophenyl, methylphenyl,
dimethylphenyl, trimethylphenyl, ethylphenyl, diethylphenyl,

35 iso-propylphenyl, tert-butylphenyl, dodecylphenyl, methoxyphenyl,
dimethoxyphenyl, ethoxyphenyl, hexyloxyphenyl, methylnaphthyl,
isopropylnaphthyl, chloronocaphthyl, ethoxynaphthyl,
2,6-dimethylphenyl, 2,4,6-trimethylphenyl, 2,6-dimethoxyphenyl,
2,6-dichlorophenyl, 4-bromophenyl, 2- or 4-nitrophenyl, 2,4- or

40 2,6-dinitrophenyl, 4-dimethylaminophenyl, 4-acetylphenyl,
methoxyethylphenyl or ethoxymethylphenyl,

Cs — Ci13 cycloalkyl optionally substituted by functional groups,
aryl, alkyl, aryloxy, alkyloxy, halogen, hetero atoms and/or

45 heterocycles stands by way of example for cyclopentyl,
cyclohexyl, cyclooctyl, cyclododecyl, methyicyclopentyl,
dimethylcyclopentyl, methylcyclohexyl, dimethylcyclohexyl,



2, 6-di chl orophenyl, 4-bronophenyl, 2- or 4-nitrophenyl, 2,4- or 40

2, 6-dinitrophenyl, 4-dinethyl am nophenyl, 4-acetyl phenyl,

met hoxyet hyl phenyl or et hoxynet hyl phenyl, C5 - Cl12 cycl oal kyl optioh%?ﬁgPZMS
substituted by functional groups, aryl, alkyl, aryloxy, alkyloxy, halogen,
hetero atons and/ or 45 heterocycles ® ands by way of exanple for

& et ﬁ??tcﬁgeéh%@ﬂ%&@f%ﬁd N ﬁiﬁ‘e ) 1;%?‘&5?@ iﬁq’eix&%lcic%;gﬁg%os 9
di et hyl dyes 5 FET o) § CHRPE Lohexyl ,
i ot hoxy 2§ O GRESAL sﬁﬁrt% e?ﬁsmk S B F Bl desnlepenty] ae weiho"e

d|chIoroc?él@h%&@ﬂrateﬂcﬁroﬂﬁﬁﬁﬁﬂréﬁéﬁt9402ﬁihﬁe$YSt€% %pqha@arap%hpnnyl
unsat ur & ed horiyminenydysteressugplleas norbornyl 5 or norbornenyl for exanple,
a five- to six-nmenbered heterocycl e possessi ng oxygen, nitrogen and/or

SU|fL” at la A | I I

Rt e s e e e

enz I aZz n r

e A S

i sopro bephemanzdnidasslylhuby yC4 al kyl stands by

way of exaEBheldinoT9t NYdimetHy 4 Kg?iPPMﬁethoki@fo’P}"dml&tﬂblicy}b risfa;butyl or
1R é?i

tert- bUtyhlf£a°qﬁ§§¥§dgékym§9%¥ jpony §€£}gﬁ}4ﬁélgg¥ exanple

acet yl yloy
2- et hyl hexy ﬁﬁp B%%%ﬁb d dodecanoyl chioroacetyl, triclloroacetyl
or trifluoroacetyl. C - C18- alkyloxycarbonyl can be by way of exanple
met hyl &8y Cartbo sl alkyhydtangdeabporay ofpespypbx icar betpiyl, 28:hyl, propyl,

i sopropyl exysasiANY h-biitPul VHedxpaaybany ltersebubyl yl oxycar bonyl ,

tert- butyloxycarbonyl hexyl oxycar bonyl, 2-ethyl hexyl oxycarbonyl or

benzyl oxygarb C 0 f anple 30
cyclopentE ca?ﬁ% f}gao iﬁl£§f qﬁE%¥ 555'3@ Pgd ag f %§|a5%%¥ - Cl12
aryl oyl éF Pﬁﬂﬁﬂﬂn B3 °Y dxa F B- ?ﬁ&ﬁ& * toluyl, xyloyl,
a- naphﬂﬁo?Pet¢¥#hﬁﬂiﬂﬁé§b0nxﬂﬂ @ﬁ@@éﬂi%mﬂdOdeéﬁéﬁYbrdﬁéﬁ%@?FetYlnchlorobenzoyl
or trinmet hyltelmopkcet@b &t ,tiRF1uBRBoad¥ylR5 and R6 i ndependently of one
anot her are preferably hydrogen, nethyl, ethyl, n-butyl, 2-hydroxyethyl,

C; — Ci13- alkyloxycarbonyl can be by way of example

methyloxycarbonyl, ethyloxycarbonyl, propyloxycarbonyl,

25 isopropyloxycarbonyl, n-butyloxycarbonyl, sec-butyloxycarbonyl,
tert-butyloxycarbonyl, hexyloxycarbonyl, 2-ethylhexyloxycarbonyl
or benzyloxycarbonyl.

Cs — C1z cycloalkylcarbonyl can be by way of example
30 cyclopentylcarbonyl, cyclohexylcarbonyl or cyclododecylcarbonyl.

Cg — Ci12 aryloyl (arylcarbonyl) can be by way of example benzoyl,
toluyl, xvloyl, a-~naphthoyl, p-naphthoyl, chlorobenzoyl,
dichlorcobenzoyl, trichlorobenzoyl or trimethylbenzoyl.

35
Rl, R?, R3, R4, R® and R® independently of one another are
preferably hydrogen, methyl, ethyl, n-butyl, 2-hydroxyethyl,
2-cyanoethyl, 2-(methoxycarbonyi)ethyl, 2-(ethoxycarbonyl)-ethyl,
2-(n-butoxycarbonyl)ethyl, dimethylamino, diethylamino and

40 chlorine.

R7 is preferably methyl, ethyl, n-butyl, 2-hydroxyethyl,
2-cyanoethyl, 2-(methoxycarbonyl)-ethyl, 2-(ethoxycarbonyl)ethyl,
2-{n-butoxycarbonyl)ethyl, acetyl, propionyl, t-butyryl,

45 methoxycarbonyl, ethoxycarbonyl or n-butoxycarbonyl.



2-cyanoet hyl, 2-(met hoxycarbonyl)ethyl, 2-(ethoxycarbonyl)-ethyl,

2- (n- but oxycar bonyl ) et hyl , di net hyl ami no, di et hyl anino and 40 chlorlpgsgﬁqm5
is preferably nmethyl, ethyl, n-butyl, 2-hydroxyethyl, 2-cyanoethyl,

2- (met hoxycar bonyl ) -ethyl, 2-(ethoxycarbonyl)ethyl,

2- (n- butoxycarbonyl)ethyl acetyl, pmgpionyl t- butyryl 45 met hoxycar bonyl ,

et hoxycar bp&ydlcca P cachonyl sg: %m ifnf 2005 o1 gﬁs.&%%ﬁ GhlynPr ef er red

di h R5
pur o i (g gl iioge 12 o SERTE 61 CPTR R Y] 5ng a1 1

others ar ea‘FW g@ﬁt hte %@Ylls‘)rd‘i’ﬁ%’ctﬁ | @Rfnat F@?"—h&rét §re hydnagen. ephyl or
n-butyl an®P dlsl dsmethmcianiace Ry dwoegeh, Bethyl. ethgdt gt n+beithn}| andtdbdl or
n-butyl snetheild a®khRydrajen,hydrRydR, aeétﬁz, ifethglhosyhPl dranbbyeyl dad R7
acetyl, ma&ﬂY'oth%EQy$ré’rhﬁr%§E¥| @fquzahls. QA8 %&ecayﬂa;@ahrao og7 Rl and R2

or R2 and ar.e hy, ethl or
DUyl At o PREPE AP bR g SRSt (SN § fﬁg ygpogt

pyri dazi ni imagnk* (@ R*apd tHlod&ei hr 4athuti- 1013|edb?nﬁ]1’f"élegr lupasceljil’lto R4 is
met hyl or methpl, RE¥hy:s acetplutyl rmtdwyall,l ethgts arenhiydrggerand all others are
hydrogemp or R7 is acetyl, methyl, ethyl or n-butyl and all others are
hydrogen. Féfttl'c%%ﬁi} ypxFHf%fr%E}eﬁ'yﬂﬁalz%.dLbﬂ' éo('?t%) Qké)tﬁé& tJBOx%ﬁl%k{‘ whi ch

R2 to R4 are T1 maRE 1S tHFB utyl and
Rl is hydr%‘been tg?g’e sm?t R4 S’I@Etahn‘feiL éf 5%3' he%'! hydr ogen

and Rl is P§d¥dgefith In‘BP %1 d add Ryhexs ,%reaggpypge%t%yﬁ ¥t hyl or
n- but yl . Pasrq‘qYéul aetlyylpr @tdyi eor pfy-rhalz:wﬁn and | ¥hks qtheyrsaere thisre@gen- whi ch Rl
to R4 aLe all nmethyl and R7 is acetyl, methyl, ethyl or n-butyl, or R7 is

acetyl, nmepd{dticuldBif ﬁfh:\gfeQ!’r:eE lbﬂtﬂﬂldaﬂeluﬁl Lo hats ace m&keoqanwmch
Parti cul argy tergi &L u% g“sm( ‘é) a@é%?%%h&refh

I ndependent | on

n- but yl , nr-’"ﬁy 83‘% 1o ¥‘§‘f°geﬁ'd§‘8 ﬁy{ °’ﬁ§&2’%l °§ v &G Fet o
2- cyanoet ALY IR7R} ol s dFEyPIeHEAT, HEdrogen. bRethyla i RENYDH dod R

i ndepend@entd ;aceﬂ:ybnenmlheﬁtwhrm' fneibUhyblr ogen, nethyl or ethyl. 35

Particularly preferred 1H pyrazoliumions (If) are those in which
i ndependengd ¢ 06 10P8y 3NQIACEed pyrazinium ions (Id) are those in which
R! to R4 are all methyl and
R?7 is acetyl, methyl, ethyl or n-butyl, or R? is acetyl, methyl,
25 ethyl or n-butyl and all others are hydrogen.

§ 1.&‘ﬁn propyl,

Particularly preferred imidazolium ions (Ie) are those in which

independently of one ancother

Rl is selected from methyl, ethyl, n-propyl, n-butyl, n-pentyl,
30 n-octyl, n-decyl, n-dodecyl, 2-hydroxyethyl or 2-cyanoethyl,

R? ig acetyl, methyl, ethyl or n-butyl and

RZ2 to R? independently of one another stand for hydrogen, methyl

or ethyl.

35 Particularly preferred 1H-pyrazolium ions (If) are those in which
independently of one another

Rl is selected from hydrogen, methyl or ethyl,
RZ, R3? and R4 from hydrogen or methyl and
40 R’ from acetyl, methyl, ethyl or n-butyl.

Particularly preferred 3H-pyrazolium ions (Ig) are those in which
independently of one another

45 Rl is selected from hydrogen, methyl or ethyl,
R2, R3 and R? from hydrogen or methyl and



Rl is selected fromhydrogen, nethyl or ethyl, R2, R3 and R4 from hydrogen
or nethyl and 40 R7 fromacetyl, methyl, ethyl or n-butyl. Particul arég
preferred 3H pyrazoliumions (lg) are those in which independently o 5'?1%%5
another 45 R1 is selected from hydrogen, nethyl or ethyl, R2, R3 and R4
from hydrogen or nethyl and 1 9 SEP 205 11 R7 from acetyl, met hyl, et hyl

or n-butyl g7 BRLL GEEEF1 Y k8l er r@&ﬁl—l—&yg@g@%ym ions (Ih) are those in

whi ch independentl|y of one another 5 Rl to R4 are sel ected from hydrogen or
met hyl and R7 from acetyl, net hé eth . or n- buw)é]é Particularly preferred
1- pyr azol |ﬁ?{ﬁﬁq“&ﬁ§l¥lP§ef£rIéth6 YR uiRhi‘-%‘hsl p@hBehi?se 3 BReCRnot her

Rl to R6 atrdepsindentlly fefomneydrogker or nmet hyl and R7 from acetyl, nethyl,
ethyl orsn-butyl. 15 Particularly preferred 2-pyrazoliniumions (Ij) are

those in whi gy Radependentiya Ofr&e E(é?@&&?rorRHe%h?%;lgﬁ%rednf [) Stmyryg;] gggg,mto

hyl h
%tf?/om hy@&&&ﬂ‘ g?g?rglt'hwz' ﬁgft\g‘t I"a Fynel?"é%élrred 3-pyrazoliniumions (1k)

are those in which independently of one another Rlor R2 is selected from
hydr ogen, PatthyulaglhypreferghénitpydsRifindmmabens/|(Iineehg| thastehyh or

n- - but yhoansh JR3tiaaBbefdearrolly dEogesd afotiei-hyl . 30Particularly preferred

i m dazol inium i ons (I'l')y are those in which independently of one another R1L

ey g B T R el 1 T LT,

acetyl,
and 35R50rR RérPF‘oﬁ?%Sbﬁ'r'OQ@ﬁ byt n%tt H OTPRrRYtfi-ar |y preferred i m dazolini um
ions (Inm are those in which independently of one another 40Rlor R2 is

sel ect edsf raxnikydaoleprefeiirgl Drpwtanell inRihr oasaqatjyl areetivde, iat hyl or
n-butyl angh iR @nBEpéhRANYI6808Re UndrBkRY! .

Rl is selected from hydrogen, methyl, ethyl or phenyl,
R? from acetyl, methyl, ethyl or n-butyl and
20 R? to R® from hydrogen or methyl.

Particularly preferred 3-pyrazolinium ions (Ik) are those in

which independently of one another

Rl or R? is selected from hydrogen, methyl, ethyl or phenyl,
25 R’ from acetyl, methyl, ethyl or n-butyl and

R3 to R® from hydrogen or methyl.

Particularly preferred imidazolinium jons (Il) are those in which
independently of one another

30 )
R! or RZ is selected from hydrogen, methyl, ethyl, n-butyl or
phenyl,
R7 from acetyl, methyl, ethyl or n-butyl and
R3 or R* from hydrogen, methyl or ethyl and

35 R or R® from hydrogen or methyl.

Particularly preferred imidazolinium ions (Im)} are those in which
independently of one another

40 Rl or R? is selected from hydrogen, methyl or ethyl,
R? from acetyl, methyl, ethyl or n-butyl and
R3 to R6 from hydrogen or methyl.

Particularly preferred imidazolinium ions (In) are those in which
45 independently of one another

Rl, RZ or R3 is selected from hydrogen, methyl or ethyl,



Particularly preferred i mdazoliniumions (In) are those in which 45

i ndependently of one another RL, R2 or R3 is selected from hydrogen,1£sﬁft1¥gh5
or ethyl, 1 9 SEP 2005 12 R7 from acetyl, nethyl, ethyl or n-butyl

to R6 fromhydrogen or nmethyl. Particularly preferred thiazoliumions (10)

or oxazoliumions 5 (Ip) are those iy® which i ndependently of one another Rl

is select f.rom r.Qge hyl,. gt hyl_« e , R7 fromacetyl, nethyl,
et hyl or ﬁf’baf§ i;é/ne y&% H?t@”fre&rlryﬁxg%o%g%u r %é?hyl. 10 Particularly

preferred B, 3048} HrRP6PYRIhET( P %hd (1) are those in which
i ndependently of one another Rl or R2 is selected from hydrogen, nethyl,

et hyl or ghemjbuladby Breffeoredceiidzolarinhidns qtioyl oor ogammltipim dafs R3 from

hydrogens ghhyte Ofndihenyl wh e tifddpRhh¥n Pl 08d dndeided riazoliumions
(I's) and (it) are those ih which independently of one another 20 25 30 R1

i s select eq from hydrogen, nethyl or ethyl, R7 fromacetyl, nethyl, ethyl
or n-butylR an8 S‘ﬁfy%redR\*sr?‘Fot?ﬁ dgePe Y eVl oF BBEDYdd R3 are

1, 4- but a- IR’3{dpmmdetyd  ameithy), ethydsonre-targdoged. Particularly preferred
pyrrolidi m2usri PhErohuhydregdrhezemethythi ch i ndependently of one another Rl
and RY pge selected fromacetyl, nethyl, ethyl or n-butyl and R2, R3, R4

and R5 stand,for rQ ty cularl referred a umi lv) are
those in Q\%rgﬁg?%%@pg%ggeffg& ojf’czgr?e"tg%% Her R7CIS éngogc & (??zné%ecetyl ,

met hyl , ettpeeotn n“ﬂbkﬁ*wngﬁ RAeHRlY RS OBGPANRYDEFom net hyl, ethyl, n-butyl,
2- hydroxyet hyl , benzyl or phenyl. Particularly preferred phosphoniumions
(1w) are Wiose RN isheebectadlerendepitggenf, anehahptdiyl4orRphesylsel ected from

ccetyl 180 rkon Sdadr1orniciplylexhgd oftn-iyranda 3 [1om phenyl, henory,
X 3 Iu S I u Idiniu
oAyl f?%%ré’é%}r}é?“éérr ok BndfPENI UM PhosP mo
Particularly preferred 1,2,3-triazolium ions (Is) and (It) are
those in which independently of one another
20
Rl is selected from hydrogen, methyl or ethyl,
R? from acetyl, methyl, ethyl or n-butyl and
R2 or R3 from hydrogen or methyl, or
RZ2 and R3 are 1,4-buta-1,3~dienylene and all others are hydrogen.
25
Particularly preferred pyrrolidinium ions (JIu) are those in which
independently of one another
Rl and R’ are selected from acetyl, methyl, ethyl or n-butyl and
R?¢, R3, R%* and R> stand for hydrogen.
30 .
Particularly preferred ammonium jions (Iv) are those in which
independently of one another

R7 is selected from acetyl, methyl, ethyl or n-butyl and
35 R!, R2, and R3® from methyl, éthyl, n-butyl, 2-hydroxyethyl, benzyl
or phenyl.

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

40 R7 is selected from acetyl, methyl, ethyl or n-butyl and
R!, R?, and R? from phenyl, phenoxy, ethoxy and n-butoxy.

Among these the ammonium, phosphonium, pyridinium and imidazolium
ions are preferred.
45



45 1 9 S E P 2005 13 very particularly preferred as cations are

1, 2-di net hyl pyri di nium | -nmethyl-2-ethyl pyridinium 19 SEP 2005
‘1-net hyl - 2- et hyl - 6- net hyl pyri di ni um N net hyl pyri di ni um

1- butyl - 2-met hyl pyridinium 1-butyl-2-ethyl pyridinium 5

1-butyl - 2-et hyl - 6- et hyl pyri di ni um N3 butyl pyridini um

12300 n‘%?%%’;#mdi?ﬂﬁﬁ}p %fér%é‘?eﬁtg‘?awl@ﬁigfm dazol i um

1,3,4,5-tetr r?é{“ﬁyt/ YIRS Ry 4T tﬁ‘—Ytlr"?ﬁ%‘f RGPS um
2, 3- di net hitnethgazét¢ 1l -b-pathy1pyBidingenhyRtve Wiy ddyn o,
3, 4- di net hydbutydazehéthiglprrdtbyliem, 4--turgl hy+éetnydagalidinium,
g-gethY||2Ijﬁ lLQLQ@E§l~64%eQH ?iy%ldﬂﬂﬁhﬁ |N£Bd¥¥@ﬂy&§ﬁhnlum,
ut yl -
1, 3-di - n- ut "?‘; méiazo %%éatl) l? g%@ﬁrﬂﬁdﬁ@ﬁgég{%& iu
3 butyl -1 BT RS TSGR O, ey PESY b 1RAA LGS QR AR 5
1, 3-di but yl 32,An§t-h§rt1rmedawéllmd@zc3hbm y R, A, deettiieithiyd apofiazahium,
3- but yl - 2-2t3ndimdt el Dyildaziodanm| | Ipwayd -2 33 bding th-le mbigh 260 i@z ol 1 um

1- met hyho% Oftch bk Eh ﬁﬁﬁaa%u@ﬁﬂ A-48g 1'—33413@&@9&1;'1‘1%&9&6}&% 20

Particul ar yI
1- n--butyliéne%l?& azqllrum ahd3 %u%% %(TF ql azdl ium For the
ani ons, ali- kﬁ’l’ﬁ'—ly&ﬁ %Flé‘fﬁﬁﬁ&iéwgab% 47 Bltﬂt]r'p% é:1 hﬁf"é‘f‘b‘?qzé’&lﬁﬁrons are
hal i des, F,3-Qi-n-Brtylimidagediume GHBCHD-1. 4 tT-triimekbabiniatagobERTO0 |
triflate G-39E§i-1sisdiates hYDIRdazdlyitimogaAsutf1a2e meBAtl initizallian) f at e

CH30S0315 gligisut]pl L meed Qﬁ@@azol&lﬁlmf | b epPOP2-a-nmidY Yy PaRNSHN LR, HSO03-,
chl oroal u N%%tt§§ 2_ 41-14 %g mld%jz% €149 and €t rabromoal umi nat e AlBr 4-
p

trit hosphat e _P043-
nydr oge R AR eGSR P

hydr ogen
hydr ogencart¥sate3 H@é‘yl%%?%h}‘é‘?l y preferred tetrafl uoroborate BF4-,
hexaf | uor ophosphate 35 PF6-, bis(trifluoronethylsulfonyl)imde (CF3802) 2N-
and tosyd atae:uau&iaﬁmﬂs&arreaome: 1-byuiy Uss Wity 1are idesiumparticul arl y

preferred anephhpses e indhiso X Bhl ﬂh%ﬂt%ﬁ)—ﬂé{:ﬂflﬂhdﬁzg@lurmef erably
of >30, 40 partlcul arly preferably of > 40. The ET(30) value is a neasure of

polarity and described by C, Reichardt in Reichardt, Christian, Solvent

Effects i §§ﬁ| RN SE ity ANV IR EnFOReRE vabigy g n. P‘X?‘“’(H\Jﬁnographs in
Modern Chem stry 3), | SBN 3 527-25793-4, page 241.
25 Preferred anions are halides, F-, Cl-, Br-, I-, acetate CH;CO00-,

trifluorocacetate CF3C00-, triflate CF3S03~, sulfate 50,2~
hydrogensulfate HSO,~, methylsulfate CH3050;~, ethylsulfate
C,H50803~, sulfite S032-, hydrogensulfite HSO;-, chloroaluminates
AlCly~, Al,Cls-, Al3Clip-, tetrabromcaluminate AlBry-, nitrite NO;-,

30 nitrate NO3-, chlorocuprate CuCl;~, phosphate PO,3-,
hydrogenphosphate HPO42-, dihydrogenphosphate H;PO4~, carbonate
CO32 and hydrogencarbonate HCO;-.

Particularly preférred tetrafluoroborate BF,-, hexafluorophosphate
35 PFg~, bis(trifluoromethylsulfonyl)imide (CF380;);N- and tosylate
p-CH3CgH,503~.

Ionic liquids which are very particularly preferred are those
whose salts exhibit an E¢(30) value of > 20, preferably of >30,

40 particularly preferably of > 40. The Eq{30) value is a measure of
polarity and is described by C. Reichardt in Reichardt,
Christian, Sclvent Effects in Organic Chemistry, Weinheim: VCH,
1979 - XI, (Monographs in Modern Chemistry 3), ISBN
3-527-25793-4, page 241.

45



45 1 9 SEP 2005 14 The change in separation factor brought about by the
entrainer can be determned by a nunmber of nethods, preferably by R qﬁggpﬁﬁp
anal ysis as published by Hachenberg and Schmi dt in Verfahrenstechni
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ent rai ner rhye eehQﬁ@% Sin ts%f:‘éré'&oﬁ O 3Ryt Bﬁsugpté 49680 bhegonseaLiaLi on of the

entrai ner xture IS I’]Or%| n i nt count in
tT

the per cer?t a§8 9% ?rg“r%élef’ 8F 7 HE"ESEC8 B’Fefﬁle"!ﬁf ré’é’t 6 WitPonent s.
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headspace anal T c I| ui alner .. s _sele ed so t hat
20 it has ™ f# Jf‘uhe’at 5‘331%5‘8 Dnﬁgggt%ifjg’ tf EF%S%?VG%%S@BG Sous| y to a
concent ratﬁlaﬁléfma’ftqré‘aéﬁ BC’t Jd: it PRk "Fﬁ}S@trUrlétSf ageRRtaiBetN® o be

separ at ed pertedbage rmiatendst gof die cheeerttaticast Pbnthevigirgeng rupture of
coval ento keadsn#htd. ei ther of the conponents of the 25 m xture of substances
to be separated, the conponents of the bottom product can be separated from

the entraine | ow.cost b eva tion .du pl heat and/ or
reduction Sc')lﬁ‘%asie e H U¥ il catCES?teo‘Fhlcg‘xt ra%t ?%%L&g %‘tc?nt

pln u3|ng
i nert gas iér tg%n%’e?%doﬁ i ﬁtE°a9° 39180 PEESAERDAY LA ERG él?tl%fl’é%ﬁ g:'ﬁn col um
it is not ipossthirge dnathasteparatdost fattanmdenheativgetoicompeneémts ¢ 1 ui d
over the eeliatevdeighine afiotier ailffspentnfddie onent TRIy ,cHangehea®yd chi ng

section dldteeetttynétﬁ Bekaw bbscPajeut nehassithd ipa195i4he ionic fluid a higher
concentration will set in by conparison wth the stripping section below

the feed | Iet . tified value of ,5 -- nY% houlﬁg be neasured
directly di tﬁ%mf"egd%blllgt BCEHI9 (BFe SPEREReR I’ﬁ’l & ‘F‘ﬁt‘f #ta suitabl e
concentration would be ensured in 40 the enriching section, that is to say
just wdre thetabkestanpeghsa seldmtilyickeas dovesible,order to ensure that the
ionic liquid ditsaobsesresehbmbietdtrislf xbus ecdir e raepen adeditt heaforses of
attraction be&%@@niﬁrgﬁe mixture of substances to be separated,
it does not undergo any chemical reaction involving rupture
of covalent bonds with either of the components of the
25 mixture of substances to be separated,
the components of the bottom product can be separated from
the entrainer at low cost by evaporation due to the supply of
heat and/or reduction of pressure or rectification or
extraction or stripping using inert gas or conversiocn into a
30 solid phase,
In the rectification column it is not possible to adjust a
constant concentration of the ionic fluid over the entire height
of the column. On the contrary, in the enriching section directly
35 below the point of addition of the ionic fluid a higher
concentration will set in by comparison with the stripping
section below the feed inlet. The quantified value of 5 — 90 mol%
should be measured directly on the feed plate for the ionic
fluid. In this way a suitable concentration would be ensured in
40 the enriching section, that is to say just where the azeotrope is
to be broken down.

In order to ensure that the ionic liquid dissolves well in the
mixture to be separated the forces of attraction between the

45 molecules of the ionic liquid should be approximately just as
great as those between the molecules of the feed. In this case
the intermclecular forces in operation are ionic forces,
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t hose between the nol ecules of the feed. In this case the internnlqoybgpzms
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Figure 1o ir"rdindiba tofiaDwrekitBe enl Al RAELENSShmiAItGODRESECLHTIORY
rectificat hpfy GQIWER, SHOCE Th GRINEUILNRLs RA S ohNgi &4 aiger has a
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separ at i onlbatide@ndooérteadfgedodndt tmaoderibm @f checmixtwrer the action of
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(feed) andastd@@imbnti &t RALrARL i P& OliGl rapdeide BNtr B-B8Ess Sgparative
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ment i oned APTRAITCIERETFRD APSSH-ESERTEFHEUHE® puf B 5% e SPRYRR 0t %d hence al so
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preferably imn e u gerrmsnt ) i X

under the tion of the entrainer, stream "4” is the inflow of

25 the components to be separated (feed) and stream ”"6” is bottom
product and the entrainer. Separative elements can be by way of

example plates or ordered or disordered packings.

The process according to the invention has the advantage that —

30 as mentioned above — the vapor pressure of the pure ionic liquid
and Rence also its partial pressure in the mixture with the top
product is approximately equal to zero. Accordingly, in the
process according to the invention the separative elements “1”
may be dispensed'with.

35
The ionic fluid is added preferably in the enriching section
close to the top of the column, particularly preferably in the
uppermost 3 stages, very particularly preferably in the uppermost
stage below the condenser.

40
A further advantage of the process according to the invention
with ionic liquid as entrainer is that in order to separate the
entrainer from the bottom product various separating operations
may be used. Advantageous embodiments are:

45

Regeneration of the entrainer by simple evaporation.



stage bel ow the condenser. 40 A further advantage of the process according
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i qui d phase. cases particularly simple, low-cost separation and
recirculation of the ionic ligquid is possible by
precipitation to form a solid phase. The bottom product is
then obtained in scolid form while the entrainer can be

25 returned as the pure substance to the extractive
rectification process. Precipitation can be carried out in
accordance with the teachings of cooling crystallization,
evaporative crystallization or vacuum crystallization. If the
freezing point of the entrainer is above the freezing point

30 of the bottom product in a variant of this method the
entrainer is obtained as the solid phase and the bottom
product as the liquid phase.

The use of ionic fluids as entrainers in extractive rectification
is particularly suitable inter alia for the following

35 applications, e.g. azeotropes: amines/water, THF/water, formic

acid/water, alcohols/water, acetone/methanol, acetate/water,
acrylate/water or close-boiling mixtures: acetic acid/water, C4
hydrocarbons, C3 hydrocarbons, alkanes/alkenes.

40 For the following reasons the process according to the invention
is a substantial improvement over the processes in the literature
for conventional extractive rectification.

Ionic liquids are more selective than traditional entrainers.
45 Due to their high selectivity by comparison with conventional
extractive rectification they allow a lower mass flow rate of



The use of ionic fluids as entrainers in extractive rectification is
particularly suitable inter alia for the follow ng 35 applications, 189 SEP 7005
azeotropes: am nes/water, THE/water, form c acid/water, alcohol s/ water,
acetone/ net hanol , acetate/water, acrylate/water or close-boiling m xtures:
acetic acid/water, C4 hydrocarbons, 13 hydrocar bons, al kanes/ al kenes. 40
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conventional erpidgtiswsts.ectification afford an advantage in ternms of
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of ionic i quilé’gg\l;lhgg(é e \é%fj%l' Bﬁt %eﬂV%ngtgﬁ%ax? ﬁen%%ggp%lg}??%?q Pé%%?%é 1" is
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accordi¥y to tlow vavailidy.i s expl ai ned bel ow by 20 nmeans of exanpl es.
Exanmpl e 1 Systepitel oagpatat edudud paeahsd anre 2opAcsoieh Y cmenthe 1
literature | Gyell (80, nebaenken, U and Arlt, W Vapor-Liquid Equilibrium Data
Col l ection, Dechema Data Series, Vol. | Part 6a, p. 17] the butene-butane
systemis a close-boili ng system The separati,on factor whi ch was neasured
by 30 medh€ BYOGRES BCGAF 8L LhrRhatSot RPTRE(QELES s¥P1aHRSH 818V IR | on of

but ane 2thdeBosepe g¥rmpAesionic |iquid octyl methylinidazolium

Example 1

System to be separated: butene-butane
25
According to the literature [Gmehling, J, Onken, U and Arlt, W ,
Vapor-Liquid Equilibrium Data Collection, Dechema Data Series,
Vel. I Part 6a, p. 17} the butene-butane system is a
close-boiling system. The separation factor which was measured by
30 meansg of gas-liquid chromatography (GLC) at infinite dilution of
butane and butene in the ionic liquid octylmethylimidazolium
tetrafluoroborate (OMIM — BFy) at 70 °C is 0.74.

The calculation of the separation factor as a function of the

35 activity coefficient was published by Gmehling and Brehm
[Gmehling, J. and Brehm, A. , Grundoperationen (Unit Operations),
ISBN 3-13-687401-3, chapter 3].

Accordingly, the additive interacts more vigorously with butene

40 than with butane. The powerful effect exhibited by the ionic
liguid OMIM - BF; on the phase equilibrium of the binary
butene-butane system demonstrates the suitability of OMIM — BF,; as
an entrainer for separating alkanes and alkenes.

45
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separation factor as a function of the 35 activity coefficient was1{9SEP 200

publ i shed by Grehling and Brehm [ Grehling, J. and Brehm A. ,

G undoperationen (Unit Operations), |SBN 3-13-687401-3, chapter 3].

Accordingly, the additive interacts mgge vigorously with butene 40 than

W th butang.Hie powerful effect exhibited by the ionic liquid OMM - BF4 on

t he phase equilibriumof the binary butene-butane system denonstrates the

suitability of OMM - BF4 as _an entrainer _for separating al kanes and

al kenes. 4%ystel §ppbe RRPAHFLELAnDY L P FPEPENTYOI BE*XSBBARFat ed:
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(EM M BF4) and et hyl net hyl i mi dazolium hexafl uorophosphate (EM M PF6) is

1. 66 at 104PheCseparEM M Bt tandwiicH Wak akaddfed By meanEMMJYs6.1i8aid i onic

liquids bréﬂi&m@'%lj&aﬁﬁy dtNGhea8eed Nuilie 18RPGF AlyQRKEaEheT Mg the
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entrai ners.y one- net hanol Accor di ng
to the Iit%efta‘tatf Bo _@ﬂéeﬁ 220 N80y - Li qui d

Equi l i bri dm@étlaomph%ﬁﬁha@ﬁ (EXSEfeRs ) Dis al Sty iags ,142/01'0. florpEMEM<BF4 pnd75] the
acet oneisel IFdnak 3¢68t&rfCf 6GonEENIM-PAZ e BatdpeonThel Sppadsatbirdngf aledwr ahor a

m xt ure ofirkreakenen akkk %@&a@bﬁ@&@'ﬁao&%@t snecpndydmbRaR@hol - t his case, was

det erm ne fe iN i.¢ |iquids

EM M BF4, dci’%i SEERERER I\/%a Malct:%%féoi} el ﬁ’ﬂ?d‘l’% uZSNSgEgaEI’E%II\%%PFG These
experi ments’ ylaé‘lnaléﬁ a separation factor of 2.51 at 70 C for EM M BF4, of
3.15 at 70 Cfor OMMBF4, of 1.3 at 70.5 Cfor MM MCH3SO, of 0.5 at 84.6
C for ER® NB{a@P38C2) 2N and of 0.67 at 70 C for EM M PF6. Fromthese results
it may be seen that it is 35 not just isolated ionic liquids that are

sui tabl e Ay Bk abnes Sseparated: acetone-methanol

According to the literature [Gmehling, J, Onken, U and Arlt, W ,

25 Vapor-Liquid Equilibrium Data Collection, Dechema Data Series,
Vvol. I Part 2Za, p. 75] the acetone-methanol system forms an
azeotrope. The separation factor for a mixture of a ketone and an
alcohol, acetone and methanol in this case, was determined by
means of GLC in infinite dilution in the ionic liquids EMIM-BF,,

30 OMIM—-BF,, MMIM-CH3SO4, EMIM-(CF3S0,),N and EMIM-PFg. These
experiments yielded a separation factor of 2.51 at 70 °C for
EMIM-BF,, of 3.15 at 70 °C for OMIM-BF,, of 1.3 at 70.5 °C for
MMIM-CH3504, of 0.5 at B4.6 °C for EMIM-{CF380;)2N and of 0.67 at
70 °C for EMIM—PFg. From these results it may be seen that it is

35 not just isolated ionic liquids that are suitable as entrainers.
On the contrary, many members of this novel class of substances,
the ionic liquids, are suitable for use as entrainers.

The process according to the invention is explained below by
40 means of further examples in which headspace analysis is used.

Example 4
Effect of the ionic liquid l-ethyl-3-methylimidazolium

45 tetrafluoroborate on the binary homoazeotropic system
ethanol-water



On the contrary, many nmenbers of this novel class of substances, the ionic
|l iquids, are suitable for use as entrainers. The process according to the
invention is explained below by 40 neans of further exanples in whithSEP 2005
headspace analysis is used. Exanple 4 Effect of the ionic liquid

1-et hyl -3-net hyl i m dazolium 45 tetrafl uoroborate on the binary
honoazeotropi ¢ system ethanol-water1® 9 SEP 2005 19 Table 1 shows the
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homoazeot [ opi ¢ syst em| 25iédhanol -|VBYBP! Araine) | Coaasismgiodid f[EPBAC GUEMT It i es
of the iohic according to the invention according to the
invention invention
0.10 0.90 7.12 4.64 5.74 6.23
0.20 0.80 4.45 3.90 5.49 6.11
15 =930 1 0.70 7.99 3325 517 6.00
0.40 0.60 2.37 2.70 4.77 5.86
.50 0.50 1.88 2.41 4.57 5.72
060 | 040 158 212 438 558
0.70 0.30 1.34 1.85 4.20 525
20 7080 | 020 1.17 1.68 4.02 4.95
0.90 0.10 1.06 1.48 3.69 4.90
0.95 0.05 1.00 1.32 3.56 4.87

Table 1: Separation factor a of the binary, homoazeotropic system
ethanol-water at 70 °C using different quantities of the ionic
liquid l-ethyl-3-methylimidazolium tetrafluoroborate

25

The ethanol-water azeotrope occurs at approximately Xgthanol =
0.95. It is precisely in the range around this that the entrainer
has an effect, even at a concentration of 10 mol% in the liquid
phase€. The fact that in this and in the following examples a
higher separation factor is achieved in the peripheral region
without entrainer than with entrainer is not disadvantageous
since:

30

35
a) preliminary concentration can be carried out without
entrainer;
b) separation factors about > 5 approximately have virtually no
influence on operating and capital costs.
40
Example 5

Effect of the ionic ligquid l-ethyl-3-methylimidazolium
tetrafluoroborate on the binary homoazeotropic system

45 tetrahydrofuran-water
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of the i onc@nqqrqmadlgneQihwhesentmymmmqiaé@l moh¥. tetrafl uoroborate on the

bi nary ham)azeotropl c system 45 tetrahydrofuran vvater 1 9 SEP 2005 20 Tabl e
2 ShOV\B th I 1T CUL UI [. Ilb Cl L I oll Il J_ bL Ilyl O IIb'L Iyl I III olLUi I UTTI
tetrafluoriggwﬂtFe dn )t‘ﬁ%te’blrary t YRR WRIER ur an ( THF) - WATBE Wetefem at | 70 C
and a nol ar %P%'pd ﬂ@@%\gt I abih#syettm bilutdirdiddr AT | Oferaf siddnteontainidPs0l 5| aTHF,
Wat er aTHHR, er " er bi badiyg 6y iseatidh t houl i bBdntigiier &Cerdih@onar y
system containing 50 [nol %[ nol % cording to the [nventitwinshtidnof entrai ner
according [to 0.p@ 1 nver®@9®n (¢. 100. 90252584 8. 09 0. 200. 8012. 388H9/3
0. 300. 707.9715287 U 2WJg®mUS.|5914. UL 0U1p8%. b03. 8712[ 65 U. 6U0g432Z. 5611. 2P

0.700. 301. 645 8§ 0.70 757 1537
0.40 0,60 5359 12.01

0.50 0.50 387 12.65

15 | 0.60 0.40 7.56 11.29

0.70 030 1.64 9.03

0.80 0.20 110 857

0.90 0.10 0.79 7.21

20 Table 2: Separation factor a of the homoazeotropic system
tetrahydrofuran (THF)-water at 70 °C with and without the ionic
liquid l-ethyl-3-methylimidazolium tetrafluocroborate

The azeotrope at values of Xpyr between 0.8 and 0.9 is
25 impressively removed.

Example 5a

Effect of the ionic liquid l-ethyl-3-methylimidazolium
30 tetrafluorotosylate on the binary homoazeotropic system
tetrdhydrofuran-water

Table 2a shows the effect of the entrainer
l-ethyl-3-methylimidazolium tetrafluorctosylate on the binary

35 tetrahydrofuran (THF)-water system at a pressure of 1 bar and a
molar liquid concentration of the entrainer of 50 mol%.

*IHF *Water OTHF, Water
40 [mol %] [mol %] ternary system containing 50 %
of entrainer according to the in-
vention
0.2459 0.7541 23.3
0.3843 0.6157 247
0.5355 0.4645 23.8

45 0.6307 0.3693 22.8




0. 800. 201. 108. 57 0.900. 100. 797.21 20 Table 2: Separation factor ce of the
honoazeotropi c system tetrahydrofuran (THF)-water at 70 C with a”d1‘@i§€?‘ih§5
the ionic liquid 1-ethyl-3-nethylimdazoliumtetrafluoroborate The
azeotrope at values of XTHF between 0.8 and 0.9 is 25 inpressively renoved.
Exanpl e 5a Effect of the ionic Iiqui ®1-ethyl-3-nmethylimdazolium 30
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here were not obtai ned by headspace chromat ography but rather by neans of
an' 5 eqQikxdmplemeapparatus. Here also a distinct increase in the

separati on factor relative to the binary system (see Table 2) and hence the
suitabilit t [ [ t e_ 4 Exanple 6

Ef fect of %’ eclt %Egmfgigl& l%ﬁ?iepéﬁw H%J}gmﬁﬁggietrafl uor oborate on

lnar oaz otY C
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15
Table 3 shows the effect of the entrainer
l-ethyl-3-methylimidazolium tetrafluorcborate on the binary
propanol-water system at 85 °C and a molar liquid concentration of
the entrainer of 50 mol%.

20
*Propanol *Water OPropanol, Water (Propanol, Water
Mol %] Mol %] binary system without entrainer ternary system containing
according to the invention 50 mol% of entrainer according
to the invention
25 0.4 0.6 1.10 3.12
0.6 0.4 0.68 2.46

Table 3: Separation factor a of the homoazeotropic system
propanol-water at 85 °C with and without the ionic liguid
30 l-ethyl-3-methylimidazolium tetrafluorcborate

%

Example 7

Effect of the ionic liguid l-ethyl-3-methylimidazolium
35 tetraflucroborate on the binary homoazeotropic system
isopropanol-water

Table 4 shows the effect of the entrainer
l-ethyl-3-methylimidazolium tetraflucroborate on the binary
isopropancl-water system at 90 °C and a molar liquid concentration

40 of the entrainer of 50 mol%.
xIsopropanol xWater (sopropanol, Water (Isopropanol, Water
Mol %] [Mol %] binary system without entrainer ternary system containing
45 according to the invention 50 mol% of entrainer according
‘ to the invention
0.4 0.6 2.09 5.73
0.6 0.4 1.29 4.64




20 25 Table 3 shows the effect of the entrainer 1-ethyl-3-nethylimdazolium
.tetrafluoroborate on the binary propanol-water systemat 85 C and a,grg;;amP
liquid concentration of the entrainer of 50 nol % XPropanol X\t er aPr opano
Wat er aPropanol , Water [Mol 9% [ Mol % binary system w thout entrainerternary
system cont ai ni ng according to the i 22enti on50 nol % of entrai ner accordi ng

to the inveHeoq: 054&1@%1%93*5&81:&%Oo%%ﬁ&%&ﬁaa%@t@oﬁlc Sepalaat i on factor a
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Example 8

20 Advantage of the entrainer according to the invention relative to
conventional entrainers with reference to the example of the
separation of ethanol and water

Table 5 shows for the ethanol-water system the effect of the two

25 entrainers l-ethyl-3-methylimidazolium tetrafluoroborate and
ethanediol on the vapor-liquid phase equilibrium at 70 °C for the
entrainer concentration of 50 mol%.

XEthanol XWater OEthanol, Water | CEthanol, Water OEthanol, Water
30 {“‘“'.%] [mol %) binary system with- | ternary system contain- | ternary system contain-
) out entrainer accord- ing 50 mol% ing 50 mol% of entrainer

ing to the invention of ethanediol according to the inven-
tion
0.10 0.90 7.12 4.96 5.74
35 0.20 0.80 4.45 4.37 549
0.30 0.70 2.99 3.77 517
0.40 0.60 2.37 3.45 4.77
0.50 0.50 1.88 3.14 4.57
0.60 0.40 1.58 2.82 4.38
40 0.70 0.30 1.34 2.63 4.20
0.80 0.20 1.17 2.44 4.02
0.90 0.10 1.06 1.83 3.99
0.95 0.05 1.00 1.32 3.56

45



advant ageous effect on the separation factor. Mreover, in the

et hanol -water (Table 1) and tetrahydrofuran-water (Table 2) systeng gl§Eplm5
clearly evident that the effect of the ionic liquid on the vapor-liquid
phase equilibriumis so great that the 15 azeotropi c point has been broken
down, that is to say it no |onger o@3urs. Exanple 8 20 Advantage of the
entrai ner pgAQr gi NGorkghtiRen BYepid Arpaehatby erddtor&OnVent iignal entrainers
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23 Table 5: Conparison of the separation factors a in the ethanol-water
systemat 70 C for the conventional entrainer ethanediol and the e f)gr%m@s
‘according to the invention 1-ethyl-3-nethylimdazoliumtetrafl uorobdrate
From Table 5 it emerges that for the same concentration of entrainer the
effect on the vapor-liquid phase equidg briumand hence the useful effect is
distinctly greater in the case of the ionic liquid, particularly in the
azeotropic_r nge. %0. 15 20 25 30 35 40 45 1 9 SEP 2005 24 Wat is clained
is: 1. A pltitesds FOFY%Dardting Iiquids or condensable gases in the 5
condensed state conprising: use of an entrainer which is an ionic liquid and
brings abbut 2apciegrge for tdepagepanatlomifdscoorcoidansabdenpasentia the be
separ at esl di veigriehsédost e cok@ribengonic |iquid being present at a total
concentration of 5 to 90 nold, preferably 10 to 70 nol % in the liquid
phase. 2. A nethod_ as IaIilrredti n _cl aiEn 1ﬂ .COnpri. si nl? ]%ihe .%egara%i.ons 15
being carried out ‘15')‘7 afig of rea,nregc‘f’ Ve rlésctf_‘i @AY ot 9% n%o U9 %wher ei n:
the |ow boiling cAio¥fet SRR IPoERt SERAHPSLOPhEACEIN ATt BRSSPI 1 are
obt ai ned at the top bk shpapftesbldirarodnt eExmim opeher conponents are obtai ned
as bottom productthHeogenherliiit salifgefitdstinteatat tdeaibebhoshofadila
columm, the |iqui ¢,¢Msxtyr 6o afoilshe pRAELLIRRS 100heoCob UL« RQL LRI 1 RfQduct and
entrainer) is V\Dfl%)%%sgp in such a"way that” 25 said entrai ner can be
recovered and the *coimponents of the bottom product are obtained as a
further fraction, the colum is operated in countercurrent flow,
2. A method as claimed in claim 1, comprising the separation
i5 being carried out by means of extractive rectification in a

column wherein:

the low-boiling component or components under the
" conditions of claim 1 are obtained at the top of the

20 column while all other components are obtained as bottom
product together with said entrainer at the bottom of the
column,

the liguid mixture at the bottom of the column (bottom
product and entrainer) is worked up in such a way that
25 said entrainer can be recovered and the components of the
bottom product are obtained as a further fraction,
the column is operated in countercurrent flow,
said entrainer is introduced into the column above the
feed of the components to be separated.
30 .
3. The method as claimed in claim 2, wherein the separation of
said bottom product from said entrainer is carried out by
evaporation in evaporators or in rectification columns.

35 4. The method as claimed in claim 2, wherein the work-up of the
mixture of bottom product and entrainer ensues by
precipitation of the component which has the higher freezing
point.

40 5. The method as claimed in claim 2, wherein the separation of
said bottom product from said entrainer is effected by
drying.

6. The method as claimed in claim 2, wherein the separation of
45 said bottom product from said entrainer is effected by
extraction.



said entrainer is introduced into the colum above the feed of the
conponents to be separated. 30 3. The nethod as clainmed in claim2, wherein
‘the separation of said bottom product fromsaid entrainer is carridd Shit 20ty
evaporation in evaporators or in rectification colums. 35 4. The nethod as
claimed in claim?2, wherein the \/\ork;?tfj{,p of the mxture of bottom product
and entrai ner ensues by precipitati of the conponent which has the higher
freezing °pointhe 4@thodThe clktirted as claimed wheréin md sepheative t he
separation of eEstethtBObtOMeAGbotE Ofie Podnenbf sddiflssiisnebf esdiedl by
drying. 6. The,{mthod asnch alfPdykalt AfdNect WREELE fbd RS sseparation of 45

said bottom product fromsaid entrainer I1s effected by “extraction. 1 9 SEP
2005 25 7. The nethod as clainmed _in claim2, wherein no separative el enents
are need@d® aboth® PRECEEF NS dtladdRfisst g dai WheEsnY diffeferit T the
extractive recatfercgpnbaining eystsmgwhifie ipr addsticrs tol wawved ¢ontaiasm 1,
wherein the feed is a water-containing systemwhich in addition to water
betueen 1 and 8, Harra g b D DB Elda 22 dani ¢ aci ds
preferably al kanoipcreafcﬁr%éiy %%{)%er?éls,l ?ﬁér{asrfs%fg%éﬁgf%]éléé?parﬁf%ﬁa%}gt he wat er
from t h&%ot her suﬁﬁ%ﬂ?@(’-}sii and gohi eved. 9. The process as clainmed in claim
1, wherein said fembandat arids, dgrefresbinchldapenesadddd ng a carbon nunber
between 3 and 12, Kameeferably between 4 and 10 and separati on between

al kanes and al kengs-ang achi eved. 10. The process as clained in claim1,
wherein said feed contains aromatic and aliphatic hydrocarbons and

ti bet 25 ti d ali ti i hi d. 11. .Th
el ol BB0 i n STLERPEZ AR %S08 B TS e BF 18 Neo CONBEARTF dF cycl 0.

‘conmpounds and a@¥EeNeéfenes are separated fromthe alicyclic conponents. 30

9. The process as claimed in claim 1, wherein said feed contains
alkanes and alkenes having a carbon number between 3 and 12,
20 preferably between 4 and 10 and separation between alkanes
and alkenes is achieved.

10. The process as claimed in claim 1, wherein said feed contains
aromatic and aliphatic hydrocarbons and separation between
25 aromatics and aliphatics is achieved.

11. The process as claimed in claim 1, wherein said feed contains
ketones and alicyclic compounds and the ketones are separated
from the alicyclic components.

30 .

12. The process as claimed in claim 1, wherein said feed contains
amides and acids, preferably carboxylic acids, and the amides
are separated from the acids.

35 13, The process as claimed in claim 1, wherein said feed contains
alcohols and alkanes and the alkanes are separated from the
alcohols.

14. The process as claimed in claim 1, wherein said feed contains
40 alcohols and aromatics and the alcochols are separated from
the aromatics.

15. The process as claimed in claim 1, wherein said feed contains
ketones and alcochols and the ketones are separated from the
45 alcohols.



12. The process as clained in claim1, wherein said feed contains am des
and acids, preferably carboxylic acids, and the am des are separat e[dg ngmnE
the acids. 35 13. The process as cl ai med in claim 1, wherein said feed
contains alcohols and al kanes and the al kanes are separated fromthe

al cohols. 14. The process as clainmed 2& claim1, wherein said feed contains
aromat i co. 155 T s ad ARG SO0 e“*‘%“?@iﬁ“%“ R fORRine  ains
ket ones and al 3%)-%075 a%g‘at hgéﬁgétsgr?gg ﬁirng seegtéﬁtipaetjseaxﬁg ré{]ﬁ&% A g:(%’hol s. 1
9 SEP 2005 26 X88°®fite process as claimed in claim1, wherein said feed
contai ns acetates and ketones and the acetates are separated fromthe

ket ones. 55117. THéeprucesesas asl oimeidred ehain ai ,nwherebersdinl $eed deadiaent ai ns

ethers and al kaeﬁér@ra%t BextdeIhdPkBe SERM A el EOPALINGG 3kanase 18. The
process as cl ai %rhl n claiml1, wherein said feed contains 10 ethers and
€

al kenes and the &r's are separated fromthe al kenes. 19. The process as
claimed in claim1, wherein said feed contains sulfides and ketones and the
sul fi des ah8. s@b%lrmlce?@sﬁr afn ¢lhreimeps iRet bnigs 1 ,20heTadn praicefsedscantaimed in

cl ai m 1,1owher eetheaad Gnideelikensd ands thbadflgerrataed hgpirncmrd dnsmatice ket ones
and the hal ogepst&lts . hydrocarbons are separated fromthe ketones. 20 21. The
process as clainmed in claim 15, vvherei n said feed contains cycl i ¢ ketones

and/ or cycl| cohol s and t separated fromone a 23 22 The
process asllér a%ﬁ%c?’i%ec?ﬁaﬁ‘n‘i %réf’n f%é“gn YReBRIR A4 r% iq CINGHS used
as sai d entr ai pettidesy apgt keronesappgshe E‘lﬁﬁéspﬁé%e%@aé§téﬁafm thg clai m

1, wher@bn saiKetansisc |iquid used as said entrainer has an anion such as
the nitrate anion 30 or the tetrachl oroal um nate anion or the

ero bocelEr A pRs ok LlsebeBhactLaf ) Stk 19168 ool e
ani ons. 35p24 H 6? % e8 hfﬁrocqrbons Hgsiﬁtonesland {he haﬂgggaalé%lc i qui d
hy rocarbons are separated from the ketones.
20
21. The process as claimed in claim 15, wherein said feed
contains cyclic ketones and/or cyclic alcohols and these are

separated from one another.

25 22. The process as claimed in claim 1, wherein the anion of said
ionic ligquid used as said entrainer is a metallic halide.

23. The process as claimed in claim 1, wherein said ionic liquid
used as sald entrainer has an anion such as the nitrate anion
30 or the tetrachlorcaluminate anion or the tetrafluoroborate
anion or the heptachlorodialuminate anion or the
hexafluorophosphate anion or the methylsulfate anion or pure
halide anions.

35 24. The process as claimed in claim 1, wherein said ionic liquid
used as said entrainer has a cation such as the imidazolium
cation or the pyridinium cation or the ammonium cation or the
phosphonium cation.

40 25. The process as claimed in claim 1, wherein mixtures of ionic
liguids are used as said entrainer.

26. A method, wherein the process as claimed in claims 1 and 8 to
25 is carried out and implemented in accordance with claims 2
45 to 7.



used as said entrainer has a cation such as the imdazolium cation or the
pyridiniumcation or the ammonium cation or the phosphonium cation. 40 25.
The process as clained in claim1l, wherein m xtures of ionic quuid§ SEEZWE
used as said entrainer. 26. A nethod, wherein the process as clained ?
claims 1 and 8 to 25 is carried out and inplenented in accordance with
claims 2 45 to 7. 1 9 SEP 7005 27 271 Products which are separated in

accordance, W thy & 2B kiR amb sedBrald® {ELRRdragndd aliBdchRifd &l M2,
wherein the separation of 5 said bottom product fromsaid entrainer is

effected by nmeans of stripping using an inert gas. 10 15 20 25 30 35 40 45

28. The method as claimed in claim 2, wherein the separation of
5 said bottom product from said entrainer is effected by means
of stripping using an inert gas.

10
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