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The inventi 0050¢53888 to a process and a nethod in which a novel 10 class
of substances, ionic liquids, is enployed for separating close-boiling or
azeotropic liquid mxtures since these ionic liquids are surprisingly
superior to the conventional additi ves? The superiority can be seen
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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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ratio an increase in the guantity of entrainer and a higher
separation factor results in savings in capital costs due to
shortening of the length of the column. By these means the design
engineer has the power to minimize capital or running costs
(energy costs) on the basis of circumstances specific to the
site.

The invention relates to a process and a method in which a novel
class of substances, ionic liquids, is employed for separating
close-boiling or azeotropic liquid mixtures since these ionic
liquids are surprisingly superior to the conventional additives.
The superiority can be seen directly in the selectivity and
separation factor. When a suitable ionic liquid is used the
separation factor at the azeotropic point is further removed from
the value of one than is the case when equivalent quantities of a
conventional additive are used.

By ionic liquids is meant those defined by Wasserscheid and Keim
in Angewandte Chemie 2000, 112, 3926-3945. The ionic liquids
group of substances represents a new type of solvent. As set out
in the above publication ionic liquids are salts of nonmolecular,
ionic nature which melt at relatively low temperatures. They are
already in the molten state at relatively low temperatures less
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 polymeric substances.

By comparison with ionic salts, ionic liquids are molten at
substantially 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.

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

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.
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25 2-di net hpbsoi/sa381Byl , 2-di net hyl anmi nopropyl, 3-di et hyl am nopropyl,

4-di met hyl am nobutyl, 6-di met hyl am nohexyl, 2-hydroxy-2, 2-di net hyl et hyl ,

2- phenoxyet hyl , 2-phenoxypropyl, 3-phenoxypropyl, 4-phenoxybutyl,

6- phenoxyhexyl, 2-nethoxyethyl, 2-methgxypropyl, 3-methoxypropyl, 30

4- met hoxybutyl , 6-net hoxyhexyl, 2-ethoxyethyl, 2-ethoxyprop T

3- et hoxypropyl, 4-ethoxybutyl or 6- B oxyhe and, C2 - Ci8tal kyl
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11- net hoxy- 3, 6, 9-tri oxaundecyl, 7-nethoxy-4-oxaheptyl,
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9- met hoxy-05- oxanonyl , 14-net hoxy-5, 10- oxat etradecyl, 5-ethoxy- 3-oxapentyl,
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functional groups s s for carboxy, oxam do, hfﬂ?%ky, d\?TEE-CA

al kyl') -am no, 2 al kxl oxycar bonyl / cyando R% Cl-C4 al kyl £6 - Cl2
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exanpl e for phenyl, golyl, xylyl, a-na hyl , ~-napht hyl , gndiphenylyl,
chl orophenyl, dichl orophenyl, trichlor enyl, difl uorophenyl,

nmet hyl phenyl , di nmet hyl phenyl, trinethyl phenyl, ethyl phenyl, diethyl phenyl,
35 iso-propyl phenyl , t - but yl phenyl , dodecyl phenyl, net hoxyphenyl,

di met hoxyphenyl, &R oxﬁ% enyl, hexyl RRyphenmR4, et hyl napht hyl ,

i sopropyl napht Hgé hl ¢r oggapht hyl gsgt NoxyAapht hyl , 2, 6-R8 et hyRbhenyl ,
2,4,6-trimethyl phenyt5\2, 6- di net hoxyph 2, 6-di chl or opRenyl/
4- br omophenyl, 2- Qr 44 trophenyl, 2a- i ni
4- di met hyl ani nBpfen (g-\ouﬁ?tyl pheFﬁ';ﬂ’,Nl
et hoxynetjyyl phenyl , - Cl12 cycl oal kyl /optional ly sURsTit d byR?
functional groups, agyl, alkyl, aryloxgz &Ryl oxy, hal ogen, hetero atons
and/ or 45 heterocycl stands by way of exanple for cycl opentyl,

cycl ohexyl , cycloockﬁx, cycl ododecyl , qﬁ?hylcyclopentyl, (0)

di met hyl cycl opent yl, Jethylcyclohexyl, met hyl cycl ohexyl , 0050/ 53318 9
di et hyl cycl ohexyl, butyl cycl ohexyl, nethoxycycl ohexyl, di nmethoxycycl ohexyl,
di et hoxygyc! ohexyl , butyl t hi ocycl ohexyl, chlorocycl ohexyl,
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sul fur atons stand y of exanpl or ry. thiophggyéb ryh2

oly HR agolyr

pyridyl, indol " behgbxaZdy!, dFOX N~ 10 difoxyl , nzi MmN
benzt hi azgy yl, di met hyl pyridyl, nethyl quinolyl, dinethylpyrryl

met hoxyfuryl, dinmethoxypyridyl, difluoropyridyl, nethylthi odgenyl,
isopropylthiophenylng? tert-butylthioph?ayl and 15 Cl1 to Cn(ﬂlkyl st ands by
way of exanple for %yl, et hyl, propyl',” i sopropyl, n-butyl,” sec-butyl or
tert-butyl.




Cl - C18 al loppsoyls3@algkyl carbonyl) can be by way of exanple acetyl,

propi onyl, n-butyloyl, sec-butyloyl, tert-butyloyl, 20

2- et hyl hexyl carbonyl , decanoyl, dodecanoyl, chloroacetyl, trichloroacetyl
or trifluoroacetyl. Cl1 - C18- al kyl oxycarbonyl can be by way of exanple
et hyl oxycar bonyl, et hyl gxycarbonyl, propyl oxycarbonyl, g
isopropyloxycarbﬁﬁﬁr, n-Bﬁtonxycarpﬂnyl sec- butyloxycaR onyI,R4
tert-butyl oxycarbo xyl oxycar bon¥l, 2-ethyl hexyl oxyc

benzyl oxycar bonyl . 12 cycl oal kyl onyl can be by f exanple 30
cyclopentylcarbon | ohexyl car bon cycl ododecyl.c

aryl oyl a_ﬁryl ch® can be by R& IRY benzoﬁ
a- napht hoy ~-napht hpyl , chl orobenzoyl ,| dichl or obenzoyl , hIorobenzoyI
or trinethyl benzoyl. Rl R2, R3, R4, FB and R6 indepencmnt gz of one
anot her are preferably hydrogen nethyl ethyl, n-butyl, 2-hydroxyethyl,
2-cyanoet hyl , 2- (netZgﬁycarbonyl)ethyl 3 (ethoxycarbonyl) ithyl
2-(n-butoxycarbony|) drnethylanln@ di et hyl am no and ) chiorine. R7
is prefergply nethyl, ethyI n- butyl, 2-hydroxyethyl, 2-cyanoethyl,
2-(nethoxycarbony|)-et ¥, 2-(ethoxycarbon ) et hyl ,

2- (n- but oxycar bonyl )et hyl , acetyl, propionyl, t-butyryl, 45

met hoxycar bonyl , ethoxy¢&® yl or n-butox Qgrbonyl 0050/ 53318 - 10
Particul arly prefemetNyri/i ni um i onsRiTaP-ar 8% hose in which one of the
radicals RL to R5 is nethyl, ethyl or chloﬂrne R7 is acetyl, nethyl, ethyl
or n-butyls and all otheR8 are hydrogen, orR3 is drnethylanlno, R7 acetyl,
met hyl, ethyl or n-butyl and all 5 others are hydrogen, or R7 is acetyl,

met hyl, ethyl or n-butyl and all others are hydrogen, or R2 is carboxy or
car boxanm do, R7 acetyl,(vyethyl, ethyl or nwutyl and all others are
hydrogen, or Rl and R2 or R2 and R3 are 1, 4-buta-1, 3-di enyl ene, R7 acetyl,
met hyl, ethyl or n-butyl and all others are hydrogen. 10 Particularly

pr ef err e®@Pysi ekl mumligopolyt®rsaoe pbbweersn cohtegininge thksehsetgraumpesRl t o
R4 is methyl or ethyl, R-is acetyl, nmethyl, ethyl or n-butyl and all
others are kydrggen, or R~ is acetyl, nethyl, ethyl or n-butyl and all

ot hers are hydrogen 15 Particularly preferred pyrimdiniumions (lc) are
those in mhr ég R4, are gro en,or nethyl, R7 is acetyl, nmethyl, ethyI
or n-butyl |Rs dng h§ Jdrdeé’taﬁ%?nﬂdf Q@Oaﬂdafr@tc%reeﬂﬁbhyl R3
i's hydrogdhn S&ﬁddRﬁ.Oﬂ §1hyd€mgénthet¢zyi- 6rs @lhyl oeptidRrlly isterwipged by

met hyl , et hyhneoor mdne ykygPardandAdrashyfyr eftemsednpyomzine om mores (1d) are
those in whisgbsBRitdedRbranssadd ity imikb BEoup s?-C@ W ¢, yredyl, , cethy,, or
n-butyl, or c@Zlb§l]§ffto\£J m@ylto %@xeﬁgﬁ(ﬂex@d 'ﬂe@é’ cﬁ%d 8; Qél S are

hyd P [ar] whi ch
ndependegy gl atler gl staps W GRIcL ) sl achsrhwmmly”rfeaﬁbf

n-butyl, P FEnEPFatERLes oc???urQFQQeeﬁlar?W%ﬁﬁﬁeE P9 optinnad Ve%?ﬁﬁrQ%Pte
2- cyanoet hylby Ruejer mareypxyaen anad/ost syl fuy arromattymd/md OR2 ©b IRFe
i ndependent Ispbet itumeedanat hesulsd taitchtedr ihiry grenps petlimdeior seidytesitsmes

PagI ti culjarltlseaar ehex ned sllﬁaeymm Iuymfuﬁa@lc(dafz) g2bepd NS 1i, nal\i{g vl
I naepenaen n r r etnyl,
R2, R3 a a)f ? r}ofn ﬁayl geg o}?alldgt%hyl LSEé atl%%h@f ?%&r:{%gg{a ﬁe ]lh SIO et hyl

or n-buty Part cuIarI preferr 3F+ggrazolrun1|ons (I%% are those in
whi ch i ndep&ideRi ofR n&>afRf Her can afditdonal Lyt iRPUeSSHE WYYRTRFER . net hyl
or ethyl, R2, R3 and R4 fronrhydrogen or nethyl and 0050/ 53318 11 R7 from
acetyl, net IntptreoeehyIR7ocam dhsndl foPaCi HCcuhardlkypoel e(aliyléblrbytylz)gl iCum-i ons
(Ih) are th@g@-Iarmmbszbcaf&ﬁ@e_ndeptiwlgfcmeaamguagfb&ﬁlowcﬁé @rlg

| ect ed f ,
b L e . e e ek T e

whi ch” i ndep&¥ oﬁé°3% t 1R J'atV10RY; dlkyloXy, halogen,
etero atoms and/or heterocycles.

Therein
45



Rl to R6 areosel/sgBed from hydrogen or nmethyl and R7 from acetyl, nethyl,
ethyl or n-butyl. 15 Particularly preferred 2-pyrazoliniumions (lj) are
those in which independently of one another Rl is selected from hydrogen,
methyl, ethyl or phenyl, R7 fromacetylk, nethyl, ethyl or n-butyl and 20 R2
to R6fromhydro en or rrethgl Particul arl referred pyrazol i ni um_.i ons

(1k) are thbse iGisvion °RY RHHh SWPSEEtY Mofﬁ@?t’r'&nadr IROUPE H{¥det ed

f r om hydr og@hky hetarylloxg; h@lk)droxﬁhehylog% Reteroratamst ghd/ et hyl , et hyl or
n-butyl andh&BetaryRdebr shamdsiibygenyoof netamplle Par tmesthlydr, | gtipy Bf egmoegll

i m dazol i ni ugbpRsIsy1(,! hrbat tryé%ebuayywlt@}tl-adepenqﬁﬁtw oﬁe:me aepthe; 30
from aé”ﬁt'yf ottrt Ct%e %"j‘; “tﬁ i ﬁ BEHvy), fredvt e ol o
ethyl and 3ke cyli’ES ?é C%Fd(:ld B‘Fe ’ I'SB %HP‘?"II}?&I%P% {'pr eferred

i m dazol i ni dmFéHRethYAPUEY t]hds P’nt%ﬁ%‘@ Hélbb’@h]dverhewyéf one anot her 40
Rl or R2 i slsphenytlethiyden?+ptthnydenhyhetdgtdioretdyipenzy, fhemmhadeyyl

met hyl, et hphtoryimduhyyl, Bacb-Ratyophény)@ohpydr poetilcriobahtpy) - Particul ar | y
pr ef errf%ol B, daar.&mrar%bh@ﬁﬁ (d—ﬂr)etﬁéﬁ B8R , | R-h SRR ZY mdepen?ﬁnltly of
one anot her or ethy

0050/ 53318 i%ﬁ% ?rfrﬂg?&hg H‘r?ﬁ%qf’gg% ’ﬂ%ttﬁﬁg R4 to R6 from
hydr ogen or net Ycal5 PPY tg’rll "V P 'éff%’fxcé%bfjﬂr"'ég’é?l?y&n i ons (10) or

oxazol i um i énd- ‘Sl'((ln}?)thar%c%mll)ﬁt%lct‘?‘r“\?&éﬁéﬁ@'&ﬂry 2opthemyethotlher RL is
sel ect ed fr@rbhyairyerdyl, ndtdshoxyeehityl ordigtboyyetiR7L f rloA-dtetolan-2eyhy| ,

et hyl or 15 hypydi®anmh-B2yD; Randthgh-hyskdigamilan-peyhyl . 10 Particul arly
preferred 1 Zméﬁﬁil-ﬁZ@LHH&éﬁiﬁ-z(—w mo(dramﬁretﬁﬁose b kY

'e?ﬁsrez?egaérz e Sty LR e

hydl ogen, | nEEhIIGROMERBNY 1 ﬁarde%ehrl&h DTN e AL MU M M
(I's) and (|t2)-e*alr@<>terr@§é |humtéﬁomﬁ§eﬂenc?eﬁipri9czﬁtwt@ﬁét her 20 RL is
sel ect ed 20r @rphguly lageeethel hyd, 202 -ethflyordRethydm adatdroxyethyll , et hyl or
n-butyl and2RRy&fopropem hl}’-d'fyweﬂypfogﬁjelt hw-hyefo:%wyd R8-By&roxyhexyl,

éréelf lejlrrr 2d1p§r?%1n%(ftfi{}q aggarlls h( g?Z ﬁra(q;%l%ggg glgﬁgg%ﬁ?iln?{ Iyyof one
anot her Rl éna ée ect t&']Ta}%ﬁ?%%h %_meF "n-butyl and

R2, R3, R4 éﬁﬂe‘ﬂ?&“&ﬁaprwy BgERYL Wréur%mﬁ er‘é??*é*‘dcya}mmm um
i ons (I v)25a|2ed%m*§é’]+aﬁllm¢*ewlrrn@eéema‘elw]laml@PPeﬂEsznot her R7 is sel ected
from acet yl 3-dihdmhylastihgprapyln- dutiyhethnd aminobutyl,
6-dimethylaminohexyl, 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; — Ci13 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-dioxaoctyl, 1ll-hydroxy-3,6,9-trioxaundecyl,
7-hydroxy-4-oxa-heptyl, 1ll-hydroxy-4,8-dioxaundecyl,
15-hydroxy-4,8,12-trioxapentadecyl, 9-hydroxy-5-oxa-nonyl,
14-hydroxy—5,1b-oxatetradecy1, 5-methoxy-3-oxapentyl,

40 8-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,



35 Rl, R2, 0080R83Ba8m nethyl, ethyl, n-butyl, 2-hydroxyethyl, benzyl or
phenyl . Particularly preferred phosphoniumions (lw) are those in which

i ndependently of one another 40 R7 is selected fromacetyl, nethyl, ethyl
or n-butyl and Rl, R2, and R3 from phegyl , phenoxy, ethoxy and n-butoxy.

Anong t hese he anmo hos i.mdazoliumions are
preferred. &é 25%?&%’ géﬁ‘?&ém g k571L11?)’f5é'1‘ erreana®¥c i ons are
1, 2- di net hy%y?'f—%ﬁ’?ﬂ‘énﬂol‘?%ﬁ?ﬁﬂaﬂ?gﬁ-hyl pyri di ni um

1- net hyl - 2- et hyl - 6- et hyl pyri di ni um N-net hyl pyridi ni um

1-butyl - 2- meEhyb@ywadddical snfordm U hg2tkdddy Irpyitdi iy j2intly stand for

1-butyl - 23ehhyLi£b§y¥éhﬁlpyrAIBdE @heh+fugﬁﬂ-ﬁy§L b HiBne,

S e bt 2R, e -orovenone
5 ot ta %4 S eaRsBY IS, 140Gy AYEY LTI e s of TiARpenY Lene,

met hy Lir Ateltaoili- dnfienpiang, - 2~ QzﬂTl"riét-WltPnil erzblsnydeneg 0or

net hy Ri-azataz.ol-butp- 2, Btdieny3ededi net hyl i m dazol i um

yI -12;- et hyl i mi dazol, 3-butyl-1-nethylim dazolium

i
i
h
y . But E'h\mﬂ@z%' &y ébl%‘ﬁtdYBr s@IﬁJIm:a‘lttBM%I {ﬂcfi/‘%golln?_'m) n3roups is
y

i yl trinmet

n{é%ﬁ K Ip A T e R R R
i butyI PEe EFRAY HPd’&?B‘Fl‘i]’rﬁn 3- BG‘E‘y‘ferlY rPéFHﬂr‘F‘H‘ﬂlﬂé{zﬁFPﬁﬁﬁablY no
tyI 2- emhye-dharetdhyl i m dazol i um and 3-butyl -2-et hylim dazol i um
1 nmet hyl -13- oct yl i m dazol i um and 1-decyl - 3-net hyl i m dazolium 20

Part|CU|ar|Yu9£§€£deﬁj BeEwderd iy hdt&BS MHoRY! tHEA UMY uysually at least
1-n-butyl - oH'StQAQBJH ‘l%%ﬂ' ij{g@}qb}y apL'i[éQst x6Lhyl i m dazolium For the

ani ons, all an| ons are conceivable fn principle. 25 Preferred anions are
hal i des F-, Br-, |-, acetate CH3C00-, trifluoroacetate CF3CO0-,
triflate CF§SB§tlt‘§tﬂdf and’ ws"—lﬁyﬁ?%g’éﬁé’tﬂ PRPRPHIAR Penky A% Aff at e
CH30S03- ,20cenginple figtiaoc2Ms0803mingul {$Q-PoP32imimtydmodatylinine o4S03- ,

chl or oal uni akesbwtlllidinoA12C17-, Al 3C 1 o-, tetrabronoal uninate Al Br 4-,
nitrite NO2-, 30 nitrate NO3-, chlorocuprate Cud 2-, phosphate P043-,
hydrogenpho % THD A2-, di hydrogenphosphate H2P04-, carbonate C032 and
hydr ogencar Particularly preferred tetrafl uoroborate BF4-,
hexaf | uor ophosphat e 35 PF6- bi s(trifluoromethylsul fonyl)imde (CFSSOZ) 2N-
and t osyl|28t EUBCHIBIEIHALOBPS TGS EPEUTIPORIr c BaBP@XaMEAp  pAYEF S var | y
preferred adé-{®psa abksk) <saling, eRhithi aleyl EFC3dpornl ueyano>020G1<Frnef er abl y
of >30, 40 pakylexgarly preferably of > 40. The ET(30) value is a neasure
of polarity and is described by C Rei chardt in Reichardt, Christian,

Sol vent Effects n i raphs
i n Moder Cﬁiin d %éﬁ?ér ‘%"fzgghgg@ B;} f\é% 3‘3%19 gr@é&BIS 1 g14IO
The chang’é) gipa%/ré’t 5‘?‘ £ Actor° "B od@nee edbo&fat%ot%‘emg’ntapgi/ﬂ& can be
det ermi ned Bftarecyes §-angs lﬁ)’dé’apréf%‘F%ﬂlﬁ’ BOT heharyPac £kl yilylas
publ i shed by-raphehmbar §-aapht3uini dt-diphateriydhr ehdorepgheingl,8(1974), 12,
pages 343- 3dichioraifietiyl, nti{cHlve ophehy BLidiFlubhepigartyai methprpﬁén;rlm xture
Lo b scpar akgsdyTincngec) cealéuhabhany | > dapstabiy, donecsy on
ont r af ner® .fr BrgfsTn “%3 (Fenrid 1& %;;.%a'.ggﬁg?léﬁ%ﬁ’”ﬁf *33; B2 "
t he percent 3 El?%’fygg@ e%h%‘yé%'ﬁeg ’iY&ﬁ’§Y8‘Pe?¥11er 1"‘5?" gitn onent s.
Suitable i OHFGPF?MWhéF‘Elt HISOrRRPERN Yy esharyRapIt&Ntrati on in the
liquid of 52t6-@bnetiviphenil erzdl f-toinetipheny], radindimebhexymienyd i n t he
separ ati on RaetaickiioriopReh@l gei-bioRpphemys, LS bel ainMardpheai®, anct-hek
1o cnid tom apeprnelr s RYSS L e bel

O S i

that 20 it ha |V|ty as it dissolves
honogeneously to a concentration of at least 5 nold in the m xture of

subst ances €o bLizepreiRralkyli optibenalist suhgelt-esnpychiens tignal e gEQYRMY

i nvol vi ng r apyliy ealylcowa oty baidyloky h leilidgen, ohetdr® atopsnami/rof the 25
m xture ofs nebetedgcies ethfdsaparayeds éxXenmienEenesysldpentie, bot t om product
can be separci;t:gghé,(ﬁm e 1688L £ A1 Nl c@babakyE0S he Piy BMAA @B{: f, due to the

suppty. f Nehe B Qe BN} Thdh BEGIPMISA, heRbL 'Cacégpﬁorl extracti on

or stripping usirng iner orconversron rnto a
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In the rectpbsoasBemgcolum it is not possible to adjust a constant
concentration of the ionic fluid over the entire height of the colum. On
the contrary, in the enriching section directly 35 bel ow the point of
addition of the ionic fluid a higher cgncentration will set in by
conparison with the stripping section belqw the feed inlet. The quantified
value of 5 91 @Yﬂﬂyﬁigﬁﬁg’?ﬁ g’é‘tﬁi%‘ﬁl}%@’iﬂlve%?}}owylcﬂéh?é@d' plate for the
i oni ¢ flui ddimethaxysyeaohexwlyi dapthoxyansdebesyl orbutyditiipeyekehexad, i n 40
t he enri chi cgleestycdnheshht dichilorseycjareikyihedichlvroayebdpapyl ast webe
broken downas!d fdeatt® @MsifsAthbated A VONEE &y tind sHbBSHE MRTLARhY1i N the
mxture tg Qe mﬁ‘%ﬁglfﬂﬁbf&aﬁ‘ghd attraction between the 45 nol ecul es
shou

of the ionic liqu e approk%imately just as great as those between
the nol ecules_of the feed. In this case the internolecular forces in
operation afef}®in &of §i¥dRembergdsheteynaycls BPPIRIEIMIOKEISHr dESropaRiuct i on

forces, di sped&insuléneestensd sitpddsden weond$, exdmplld IfeenfiusylEncycl opedi a of
| ndustrial €thispistnyy, (B9E3)L, YoridfR4, indolyd 38beitfbxalzbls, pdissdoalye, t o

adj ust t RES@idHFICeDehnihi®adARIG Eéﬂéﬂﬂ%z%iy!ard’in{&hﬁlliﬁyfﬁéiﬂ”S- In this 5

way sol ubil] r | es t or
| engt heni ngfm% ¥ c‘%g?‘%&ég' tﬁl@&tﬁglﬁfﬁ%ﬁd%gtgé- ﬁ“ra{ﬁz Fr%%ﬁy ’ﬁ’,ﬁyg'é%h um
t et r af | uor oBbt S PKES ]f’ernlertg‘g ¥ i ﬁf’ry:ipef"??%’éoffyﬂ'c’f}r“éagge RFence

m sci bi | i t yteFetPutydéhiorkensdsadd This adj ustment of sol vation strength is
particularly effective 10 in relation to aliphatics, cf. H Waffenschm dt,
Dihsseriaujsoo; HRNEH! &?Cﬁl?%,taﬂegomém il @ﬁarﬁ}ilﬁ fB@iSm_é{hﬂ{),f %thqm pﬁtoﬁql,vi ng
characteri st iter r L di,$spl vi ng behavior of ‘an

i onic Iiqui yEFroryl, &l !é?te%l?’r sReLboBy totggtthe ionic liquid and of the
feed and the polarit 2Lf ihe m xture. 15 An enbodi nent of extractive
rectificatibhTfla ?J#]/ﬁ’ 0¥ (3lkyloazbpaytl AP Peghy evay ofrexpupleGefilow of
t he entrai nBFORINY1a BobwEEirr 8AE-Pustlioile at¢prudivdatl, Since in

convent i @fak-prgdesgdcaneoreit,r denanoyias dadetagdyl buhlappacstiydbl e
volatility 2Pi¢klcridavetyD dherigpudredbetiyl(stream 7) separative el enents
"1" must be used for separation between the top product and entrainer. The
separative gle ts "3" .and "5" brin oyt the desired.separation between
over head prghtfcmt%qéﬁaa%gtl%mz%’?%odw& cuﬂgl%? l{f%é’agc??o%x%‘fpltehe entrai ner,
stream "4" PEEROXYGAFBORYE, BEhylexXiearRandhe sPYPHOYEpEPREY (feed) and
stream " @5 isopxanvdexpeavhenyland-bieykanrvicarhenyl Sese-btitykoxicambonglcan be
by way of exarpimtpllakgsariiorgrldehetyDsxyttazbbael £ {2ahkilngsylokyeapbofigss
accordi ng t grtbshdylvaptappodias the advantage that 30 as mentioned above -

t he vapor pressure of the pure ionic liquid and hence also its parti al

pressure in.the mxture wth the tqp product is _approximgtely equal to
zero. Accorgf’n_lc'm,2 (fynCJtoﬁ\eiMk ?%%rerbsosnygcgg?g?engiﬁ 5’a¥h§9i?f§)aé'ﬁfon t he separative
el ement s 3910YPERPEREYEFapks FEhohexy IRagbPBRK OF |qyicdofiedetil R ThPRY £r abl v
in the enriching section close to the top of the columm, particularly
preferably €& -+ lte, uppdoydsialydadenylyeran k@ bycwhprofy exaepre didnzayl,t he
upper nost  staggybelxguoy e cangarasyl, Alriphuhéie/ Adwabbagsoy, the process
accor ding  g; dRforldbLgBby N 4 ich1bBBbEnddyiliol EoiiabRREoy . that in or der
to separ &e the entrainer fromthe bottom product various Separating
operatio npy t}e u ed.4 Adé/ant aggous enbodi nents_are: 45 Regeneration of
the entrai nBrs B+ sRimpiRe B2 fBafy olnderengdspr ba Pfg ong anpehed R&evapor
pressure of Préteyphly brdregerer mghly heretdydl, so-butylpaR-hyirgexeddyde in t he
m xture W t h-¢yendeahiydm P+ oeiithioxiyeaalpgiydyietrtay 2| y2 -g@Gthbxycaziwsnyl)adthyl,
evapor at i onzp(m%xgaarb&aﬁ%tﬁgm | 4T aRlindl] SEQRAhMERLS) Yand t hout
further JorgppsAijeve el ements. Thin filmevaporators such as falling-film
or rotary evaporators are particularly suitable for continuous evaporation.
I n disconti nuous concentration processes two evaporator stages are run

al t er nat el yR§0'& REXCIPERRNE MY LT ity Y i §aPatyrhn LrdYAEaxyetYilnuously to the
10 extracti ¢ecyameathydat 2 oimesdogsrnarsenanerihidbn f (etthexpoartanydn ebhyheans
of a stri ppeAgnnitioxycSirbeeyl)eehydpoicdydsspiepdnytine tppaeyeyl,r ai ner and
hence al 38 hbEhd@fdarBbnPl £SStHdRyLBrb&iey Mot HLBu¥btftdrbenpl t om product is
equal to zero the entralner cannot be conpletely freed of 15 bottom product
in the countercurrent process by evaporation alone. |In an advant ageous
enbodi ment hot gas is conveyed in a stripping colum in countercurrent flow
relative to a mxture of bottom product and entrainer. Mariy ionic |iquids
are notable for crystallization or glass 20 transition tenperatures which
are well below O C. In these cases particularly sinple, |ow cost separation
and recirculation of the ionic liquid is possible by precipitation to form
a solid phase. The bottom product is then obtained in solid formwhile the

- ~r- B o " . Y o T



extractive 100§0/633asi on they allow a | ower nmeass flow rate of 0050/ 53318
= 17 entrainer to be fed in extractive rectification and/or the nunber of
separation stages in the extractive rectification colum to be reduced. Due
to the extrenely | ow vapor pressure of,fhe entrainer 5 various separation
operations can be used to separate the entrainer_fromthe bottom product
whi ch by coRBaFTSHIRMYE ﬁf?g‘%"prseéjc@ﬁfaliit‘a‘%’t‘f“? i*ORFi &Rt AHTMTPPRAS cohvBHC onal
extractive Peetefithe redigrivnkt &A Buvi@nmagbyln atéwidsosfchlianiingg Bhdis

capi tal coskesetiD, HWethydpaetliyl @rehebetyk dntl' alh cormniarenhydmgenacbrve
rectificati @ Iedirethplafad, AR Odc&iyll, h@e€RYI pidtyll bomibiyavanhearh
product, ubeReParald MakSoliey O GO SRyl SREANAS QEnPPId) HLBully ! A ©
liquid via tli? (\)/ali)eorrs R asgﬁmg hout t 62 separ aﬁlj\{/e e %meFOs "_'L"o i ?‘7 ot

possi bl e du o S AP MET IR /| 8% VoIt CRFPYXY CHpifEPOERR ¥ afe reduced
because t he3§ep%t atf8f&Ydy el or1n-Bpey hAndnadetthemfe a5LoRELO%Me 0PI Ny
to the inveRtiam iR expRaianddRbelnevlhy-botardansdoénpkenegl &2. adedaripl e 1
System to baeskphs adthyl bute+smrtdilt ane@ b1 Aahetrdi afe tiydridgehiterature

[ Grehlingg J, Onken, U and Arlt, w, Vapor-Liquid Equilibrium Data

Col I ection, p eb‘gg&iﬂ@g gff&&% py%dahrﬁ% B3 Proyl Heet BRBULENGHBUR aNe
£

systemis a clos n 5%1?9{[ m e separ t|ont ﬁrtor7 waf neasur ed
by 30 means®8f § i §aP8PEhY o tggrlaspgz}? §* &Wrir i Ri 1% @PPEYTon of
but ane and B&tBWE i§FhyHeOF oRTRUYilgand VARt By AT hygregpamor R7 is

t etrafl uor oboetyk, (MEVhyl, SFY)l sr REeb@yk ahd74ll Toichexs exykabydwpgsin.t he
separatias factor as a function of the 35 activity coefficient was

o R BB o8 s IR P, g i i

4 7425 - :

Accor di ngl yl,R Eﬁg dglk%i cs{o eclralr ggtlgetﬁ%\%i glosr c?ﬁcs?lt }w T%tquﬁlt’eﬁghﬁi) Than
with butane®” H*éylgo%éir_ml%fﬁyé‘&’gsﬁhilﬁﬁ& 4 By eHYTofFcRf idpd & M - BF4
on the phas®eshyli By ianhydraasa ppdaRy isubgdeosrn.ametbyst@metdydnard R'es

t he suit &0 list gcefylQVimgthy BFetdy lanrentbwiviser for separating al kanes and

al kenes. 45 0050/ 53318 18 Exanple 2 Systemto be separated:

cycl ohexanobaeyfé@ihemn%%férﬁé&whagnm tiR&s! I(i&{ A enb I Wi cn)
Onken, U ang‘l&(% tra W fgqr[e-tlnwu 'g, Equi 1 brium Data Col | ecti on, Dechema
Data Series, Vol. | ir b}i p: 4@1 t he %gcl ihexangl -cycl ohexanone system
i s a close- Boi 1T RFeEydr MG TREDEE 2 APHEYE acior WhE cPesias mBgERY by by
means of ZPasthyyued W&ﬁt%ﬂyoégﬂﬁf%ﬁ tydygpgeni on of cycl ohexanol and
cycl ohexanone in the ionic liquids ethylnethylimdazoliumtetrafl uoroborate
(EM M BF4) aadt et dndrist byk Eeidar amiuarbexal lisasophep piiat @ nb6EM M RinGkhi s
1.66 at 142 ;GqERenddMYhBE4 i thepl at 140.8 C for EM M PF6. Both ionic
l'iquids bri about, an_i.ngrease. i n,the separation factor of the

cycl ohexano gclgcl 0 leefgﬁgnfrosmeﬁlgrtawbnetshygl’errrlfgﬁ%p%lr’e nt‘%ﬂts:ysljilf'é)ﬁnéyés

ent r ai ner’®. PZBCEXGNPIEeSY Sy st iideGYhe STPUITARIGEIRE AToeSHREAR L Accor di ng
to the |iteRAtif eadetiydhl pekhyly, eohkeror W-BugyArard W, 25 Vapor-Liquid

Equi | i bri umRPat@ RolihdepersigntDgchéneneDanatBer i #issndVdbr hydardenamephyl/5]

t he acet oneofebtbry) system forns an azeotrope. The separation factor for a
m xture of a ketone and an al cohol, acetone and nethanol in this case, was

determn f Coin ipfinite dilution in e ionig liquids,

EM M B 5 iRy BT AP e S0 o A B Rernalt Thish
experi nent s J}FPEP ‘&lé'eﬁgr%‘?‘?cﬁ? Befor of 2.51 at 70 C for EM M BF4, of
3.15 at 70 Cfor OMMBF4, of 1.3 at 70.5 C for MM M CH3S04, of 0.5 at 84.6
C for EM M REFBSOR1ENteddfndm My@Fogen ?0ne®hiydr oENG#HRR6. From t hese results
i t ma)tgl be seen ﬁ:h.atndi R4 | frofb hp@togaibtor m@{-_nypchﬂdr)rgi c li ]9ui ﬂ_s t hat iarel

sui tabl e en I co Y, A ers of this novel class
of substaﬁ’gé{s,%{ﬂ%%%g%%%%%&é, e%{lgis%rl {ﬁg%}% or use as entrainers. The
process according to the invention is explained bel ow by 40 neans of .
further exafSFECHIPRAY PRefREERSD SePHRATYSIWN i1oNgsktd) BXgnphesey y WBdehof
the ionic |iigdegendentiyl of- ore Ardthedazol i um 45 tetrafl uoroborate on the
bi nary honpazeotropi c system et hanol - wat er

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



0050/ 5331 8 850453818 shows the effect of the additive (entrainer)
I-ethyl-3-nmethylimdazoliumtetrafl uoroborate on the binary ethanol -water
systemat ~ = 70 C and a nolar liquid concentration of the entrainer of 10
nmol % and 50 nol % 5 10 15 20 xEt hanol "t er aEt hanol aEt hanol aEt hanol aEt hanol

[nol 94 [rol %, Water, Water, \Water, terbinary systenternary
syst ent er nafy &TEEY harlP Y dy e fRY h R "sREFAT ner cont ai ni ng 10cont ai ni ng

50cont ai ni ng 70accordi ng to thenol % of entrai nernol % of entrai nernol % of
ent r ai ner i ntentionkgdgyr grafeted Héapgnazbnigin dohbe{ Thierreonbesorich whith

t hei nvent i oRha¥pEidentdy106. Sk .ahd4he45. 746. 230. 200. 804. 453. 905. 496. 110. 300.
702. 993. 255. 176. 000. 400. 602. 372. 704. 775. 860. 500. 501. 882. 41

-4.575. 720. 600, 4Q],. 124, . . 700 . 341. 854, 205, 250. 800. 201. 171. 684.
024. 950. 900%?,0&‘.’ 0 358 Sloten, PEty i dgEn g iy A 0aag®0, B0 T 01T
Separati on RAcHA™ ZC6EYL had"§ilary et RE, &PEEBE ¢ syst em 25 et hanol - wat er

at 70 Cusing different quantities of the ionic liquid
1- et hyl - 3- meabyicuwiaddxobrefietd af-bypandhirdine Thes et hignakrewahe@se axneot r ope

occurs atjcapRLex IRiena¥ft DR oneOafSthdd is precisely in the range
around this that the entrainer 30 has an effect, even at a concentration of
10 mol % i n e liquid phase. The fact fhat in_ thi nd i.n the foll ow ng
exanpl es a %lggh%@qsgﬁﬁr%‘?afe(fﬁefjagf?ﬁC'?yéitrzg@ﬁf‘e%d“‘?tﬁ"yahgnﬁeri pheral region

wi t hout ent RAi FeaM @S&5Y I tHE Wl aPRBYL i%F RoPuBiYsadvant ageous since: 35 a)
prelimnary concentration can be carried out w thout entrainer; b)

separ at i @s fract el algupreféraaprepyiatel iniuay eons r t1ml layendhosy limence on

operating agdicRpPiddpenaghsiy 4 BraRhétiReLf fect of the ionic Iiquid
1- et hyl - 3-met hyl i m dazol i um¥et raf | uoroborate on the binary honobazeotropic

system 45 tetrahydr.of uran_.wat er 0050/ 5331 8 20, Tapbl e 2. sho the effect of
t%e ent r ai ngl pic éﬁ}flc-%ﬁ-gn%’fml Y5y i'?ﬁglh%‘lygfr‘é?lfﬁgro(fbé’r’ﬁ?ﬁ%n the binary
t et r ahydr of & afr M IACPLRAL Sretdyydt eRERYL F @-RHEYH #Rfl ar i quid concentration

of the erO & nee RFf £5Omnydogent or IethylHF [ ol 9% xWater [nol 9% aTHF, Water
bi nary system w t hout entrainer ac- cording to the inventionaTHF, Water

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 Ré from hydrogen or methyl.

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

30
R! or R? 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 RS or R6 from hydrogen or methyl.

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

40 R! or R? is selected from hydrogen, methyl or ethyl,
R7 from acetyl, methyl, ethyl or n-butyl and
R3 to R® from hydrogen or methyl.

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

Rl, R2 or R3 is selected from hydrogen, methyl or ethyl,



ternary syspesogesBagni ng 50 nol % of entrainer according to the

i“‘nvent i on0. 100. 9025. 5418. 090. 200. 8012. 3816. 730. 300. 707. 9715. 370. 400. 605. 591
4.010. 500. 503. 8712. 650. 600. 402. 5611. 290. 700. 301. 649. 930. 800. 201. 108. 570. 900
.10 ~0.797.21 20 Table 2: Separatl on f tor a of the honpazeotropic system
tetrahydrofu;an grmF) wat er at i and without the ionic liquid

1- et hyl - hA hidGe LBt i l}?ﬁtthé(tlr'aFFM HoraPetihefR eot rope at val ues of
XTHF bet V\/eeﬁ40t<8 Rinfrom hydyrogsni epreasdindel y renoved. Exanple 5a Effect of
the ionic liquid 1-ethyl-3-nethylimdazolium 30 tetrafluorotosylate on the

bi nary hom@aeeié@mﬂysysséféﬂﬁ&i kAR Y &6 Df s a@n\yat %) Tblogazal shpWonkhe
ef fect of tggp?E réalﬁg,rse lﬁtml(cﬂqﬁgg\%\g%“déﬂtq tz aqltortﬂgkuorot osyl ate on

t he binary ahydr of ur an er a pressure of 1 bar and
a nolar liquid concentration of the entrainer of 50 mol %  40xTHF [ nol

og XVat er [ mBl 34 FRYECTodt Brom dydapgeRy Jteskydone iy ©F BDbengbf entrai ner
accordi ng t 8" tfmon mcetyl, methyl, ethyl or n-butyl and

vent i on0. 24R80cr 71280 (hydfi4g6en 63D AethiQ.. 53550. 464523. 8450. 63070. 3693 ~22. 8
0050/ 5331;% 21 Tabl e 2a Separ ation factor a of the tetrahydrofuran

(THF) - vvat er 1t he,l i

1-ethyl - ? {L S%OE ngtqgetér]af'? %rtg aQZOllgH 9%5 (mg&sﬁrrl%d(lrre?sglrfs shown
here Were n&be t’eﬂﬁ" OELEN 0GPSERSE but rat her by neans of
an 5 equilibriumapparatus. Here aI so a distinct increase in the separation
factor rel aRitver tR¥ tthesdiaried SyenhemdreogenTandthyd), anbyhemncehechel,

sui t abi | iztsy rROf £#d¥e alceby T, fdting13Se iy BM@Lbityl khaseen. 10 Exanple 6 15

Ef fect of tﬁg FHUH & Id!rG!jéx@ hiethly! o8- vl i m dazoliumtetrafluoroborate on
t he bi nary honpazeo ropl C system propanol-wat er Table 3 shows the effect of

the entrainer 1- et -3-ne I|mdazol|umtetrafluoroborate on_ the binary

pr opanol - - wafar tigst H'nyaf’r% eéjn& 41 Aot ek 2oldum gl ewhddsd r aPF ot tof aFRe
entrai ner ofthgeeni othigh ipdensndenklut @f aMeopanbher Wat er aPr opanol

Wat er [ Mol20%4 [ Mol % bi nary system wi t hout entrainerternary system

cont ai ni ngage o1 §ligig eb@ell NErd WAk b§EMO MEhY1 0br eddnyal,ner accordi ngto the

i nvention25Q740. 4l a,@ggyizqnétq,ﬁ Qt lor 2-BReJRR M 3: Separation factor a

of the honpaze Y ter at” 85 Cwith and without the
ionic liqui 3¢8,F£{3 @aer@tgﬁ th\é,\ﬁl "URY t et r af |_uor obor at e Exanpl e 7

Effect of tHRe ?’H’m 1¥%|u]r dl‘f’uéf"ﬁ bt Bdlr?é‘tyllrﬁfl? niRhAdili GRPSES tadter AYAEoI¥bor at e

on the bi%%ary honpazeotropi c system i sopropanol -water Table 4 shows the

ef fect of tPparebntuldnmgr pteséindd Pyredbidimivtazohs uad)etatral thosohor ahechn

the binary 4Qq Qf@,méqﬁqqobfv\@,;eeran%xgggm at 90 C and a nolar liquid

concentrati gn the_ent [ op g r nol ,

et o ol sopr 1024 €420 e%%%:#ké gq l%mé&gtlemav@mﬂ{,%%%ﬁ% 07
JA5ECoT Ut

entr ai nerternary system con?%fil g to the invention50 nol % of
ent r ai nerr%ccor di ngto the inventionO. 40 62. 095. 730. 60. 41. 294. 64

Particularly preferred ammonium ions (Iv) are those in which
independently of one another

R7 is selected from acetyl, methyl, ethyl or n-butyl and
35 R}, R?, and R3 from methyl, ethyl, 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



0050/ 53318 @@sbzbBB818: Separation factor a of the honpazeotropic system
I"sopr opanol -water at 90 C wwth and without the ionic liquid

1-ethyl -3-methylim dazoliumtetrafluoroborate 5 In Tables 1 to 4 a marked
difference is discernible between the P}f nary phase conpositions and the
ternary phase_equilibrium conpositions Tormed after addition of the
nonvol ati | eVERY qEﬁ‘ﬁé-F“éEEBYcﬁ erge h@s iGARARPRF ofFe

1- et hyl - 3- mét Bydingtdyioyr Lddniamy, afl Fuetkibor2aeshy beer idindemect i ve

i nteracti ons-métl’fylt-heepbyms I thy3d peni dionimon e Néme vigt gy ritheiwmgni ¢ | i qui d

exerci ses am- BépNiAgeeHs 1 zfl%ﬁtnlem t hengRaratt Ryl gyaGli@hiubpr eover, in the
et hanol - t;;;5'2»6@_% L %PW%&’{M&H’ ¥abety{phakengin Systens it is
clearly eV| f h g on e vapor-liquid
phase equil | BE? sm§3 éPmthg %ﬁpgfé 4 &ﬁH?’has been broken

down, that fs2t¥y-tEpethy b‘“’r‘%ﬂ?@éﬂufﬁcch%‘buﬂénﬁf%e@ﬁ(}mlagaﬂ@lwrAdvant age
of the entraiBet, Srdesrdinaghy ointidazphiemt i 1013, Aet ninethytlamé dazeiiumnal

entrai ners i, 8 hdiefteryenneda £o 1ivmn, ex appt €l -of, 3t hemsapAriatidapo diurgt hanol and
wat er Taqloe354s@m&hm&mw§z&tmnob mﬁﬁ ﬁMSHmémlﬁms%lﬂfmthe two 25
entrainers 1- gg%lﬁg_rgghéyn dagol bug‘]ﬁﬁé 125 gg%fqnor az%l?‘t?rg, et'hanedi ol on

t he vapor-lqu| ase r|uﬁ1at e entrainer’ concentration

of 50 ol o. 3xEYREHGI-SCh8L 184 &Pmy TP, &Eﬁhg\n%’rmet\MtléF‘lﬁ Ry st em
wi t h- out eﬁt?a@h&-%&éi’ﬂl“}z@-lﬂl@d%ebq%ﬂtrﬂoﬁaﬁwwllM%ﬁO]{léF‘mary
syst em cont &rFhutylhd ,36diméebhyfimddaantiiml SEbhapbdt 2 -édthgd inbdamorlyiugy st em
cont ai n- usng, SDdrmit%omfz-ﬁétm;suimaﬁaaeEmlﬂ,i mgbhﬁylhﬁ-lﬂdt\l‘@lllmldazollum,

tion0.100.9 Z K? @ngd00. 702. 993. 775. 170. 400. 602. 3
e SR St g g, o
0050/ 53318 239§3%t & Hethy 3ZGH1BR- t he separation factors a in the

et hanol -wat er system at 70 C for t he conventional entrainer ethanediol and
t he entr @omnearatodralillygpreféted avenl +outyl-dt-hgth@pyatilijhiamdazol i um

tetrafl uor ohohaberip -Braet Hpbing dazol i @EEE S —-hbBhty 0I3 e Bys B LA1GaRE r at i on
of entrainer the effect on the vapor-liquid phase equi i gl’l um and hence the

usef ul effe%t dlasr;[llol’rllgt I leraen%to% é{) t he casebf 1Inhepr'19ur:"101| i qui d,

|
particularly |n{§l’tl %hé azeofropl c range. 90524

25 Preferred anions are halides, F-, Cl-, Br-, I-, acetate CH3COO-,
trifluoroacetate CF3CO0-, triflate CF3S03~, sulfate S042-,
hydrogensulfate HSO4~, methylsulfate CH30S03-, ethylsulfate
C,H50803-, sulfite S032-, hydrogensulfite HSO3-, chloroaluminates
AlCls-, Al,Cl,;-, Al;Cl;p~, tetrabromoaluminate AlBr,-, nitrite NO,-,

30 nitrate NO3-, chlorocuprate CuCl,-, phosphate PO,3-,
hydrogenphosphate HPO42-, dihydrogenphosphate H,P04;~, carbonate
CO32 and hydrogencarbonate HCO;-.

Particularly preferred tetrafluoroborate BF,;~, hexafluorophosphate
35 PF4~, bis(trifluoromethylsulfonyl)imide (CF380;);N- and tosylate
p-CH3CgH4S0O3~.

Ionic liquids which are very particularly preferred are those
whose salts exhibit an Eq¢(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, Solvent Effects in Organic Chemistry, Weinheim: VCH,
1979 - XI, (Monographs in Modern Chemistry 3), ISBN
3-527-25793-4, page 241.

45



25 30 35 400050/588%8/ 53318 24 What is clainmed is: 1. A process for
separating liquids or condensable gases in the 5 condensed state
conprising: use of an entrainer which is an ionic liquid and brings about a
change in the separation factor of the gonponents to be separated divergent

fromone; 10 the ioni¢ ligquid hein resent at a total copcentration of 5
to 90 nol $, TBF STUANS| §018FRAF 2#GORof 88 T %@usf\gﬁ%mﬁh&ge.t S SHRTAPAR] as

claimed i n epnibs Hetesmpredihyy at Rumbehffameshods, (Ruafgrahty ik headspycereans
of extracti wpalye<is fascatbbislied hycBacimenbsrgr end: S¢hweidtownboi | i ng conponent
or conponenyértiiiRmstBensondidiiond) pf1x] PaFel 84 DOt aitAededritite nfOPhf
the 20 COEPHﬁf&@&' hd QﬂMin%QWBH“@EE ﬁni@crtﬁf_:gb é'ﬂ@%e%ﬁré?@%& OUEHR" edu}
toget her wi Lhy S8 Lienl {87 Aele Al LN RO OTOL LIS L Uim, £ d 1 Guhd 5

m xture at Fﬁ% Bottom oF THeE Cordnh lFbocfnt om, pr aucts and %n]f?’al rf_er%;é‘ I's

wor ked up i ROsth Bakaplipitgpshesronesptrataer ehhse ensEaiReedraklet he
conponent s diquirk migtusen p3 ovied ateimnadi feensintd @cchunt f¥mdthieon, t he
col um i s operédrethgen seatetearc wfr ehé ddmentsatfloentafaither tasgatht r oduced
into the1gobypportise the feed of the conponents to be separated. 30 3. The
method as clainmed in claim?2, wherein the separation of said bottom product

fromsaid entrainer ,is.carried out by evaporation in evaporators or in
rectificati 8H1‘é%t?n]lﬁ~(ﬁ§fu gijlﬁulﬂ?e aﬁﬁt%}b%Feag'%&ng e itr?té‘ﬁa??ﬁcfnt\méﬁaln t he
wor k- up of fRethR }tigadoPt botho0phetitic tPrafgraply aihée éfsmekt pyesult

preci pitati én afchangeconpolmerdepabrat bomafaatios hi ghler targetki egmpiemts 40 5.
The et had sslstiid@d bhfe Cadthe?, dibfeint tfhemsemsys athienchingaichnbbet om

product frogeeadhdiet hal PRE descefibeqt BchddpadeYhRshyLis . The nethod as cl ai ned
in claim2, wherein the separation of 45 Said bott'om product from said

entrainer is effected.by,extraction. 0050/ 53318 - 25 7. The net hod as
el et g LS A B R B, et A P e i eaE e, 5 (U B ove. ( he

poi nt of adm ssion of said entrainer into the extractive rectification

system 208. Thétphasess haghch adetedtinity aasnpbssihteein the feed is a

wat er - cont ai ni Ngt syEd=VMveBI Ebmdderrdaisly Ofo t ceatent£oicl BE at chdwts shavi ng

a carbon nunber yhej veennl Aldede JF ShBLabldePeLWBEsdhARdeR, Particul arly

preferably 10 bel Weell holNnderdl G3Y EnaflES, RLELELAN N ALKADLEASKIS

ket ones, furans 15 and s%pgra$|%n e Watel fronthe other?subst ances is
a

achi eved. 9. Th&fpFREEIta808 SRR PACRPRIGH frewReFREIETES 51 BR]Y cont ai ns
al kanes &% al kBhsturf\Afngubstandssn teuhbesensnakedn 3 and 12,
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 conversion 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 intermolecular forces in operation are ionic forces,



20 preferablopsogsdsdas 4 and 10 and separati on between al kanes and al kenes
is achieved. 10. The process as clainmed in claiml, wherein said feed
contains aromatic and aliphatic hydrocarbons and separati on between 25
aromatics and aliphatics is achieved. {g. The process as clainmed in claim
1, wherein %ai d feqe.d cl%n%ai ns_ ket %neg.and alicyclic corrpougds and the

ket ones are égﬁgﬁ'a B SR T HY a_"lnl 8§ 7R %%r?ﬁgheﬂ{’%?e%sd‘ofz.oﬁ%%s p?lngcess as
claimed in 8rVerp9en BaRdeei Af sdlldMPBRJS CRntvalrredit s TRNYSEEIYS, preferably
carboxyl i c gbeusstmnd 1988) anValles Adhe BRpAXB-dd9f r bim ishepogsiidie 186 ati3usThe
process as ¢has&efbridesCliai thd,iofier eiguids by eadytofitdiensasiendolm ands

al kanes andhhes&l nasyapLoseRaeat 86n IBOPdAG a2 & O E, *8r dhEnfleQCByS as

and the al cofipeidyistEne Shafl e BRD SPRLD8:40e Bl 2 BP0 20 CToG

ol ai med in LAY HRSEBYIABLER RO Lilimy tPEERE LRRORTE LR of i S tER AT APELHA% and ¢ he
ket ones ar e Psepertiasd inFsaprsh b hgpee i scibilityosiys y3ter 2¢eaRasese
process as Thasnedjustmehai of lsolmatiennstsamgitheéd pontiaiuisray et bfeesignd

ket ones and ihhee Bgtetct @5 aleplefidisgt 6€. fH OMathenkehwitRS. pDIsddrtalli®npr ocess
as clai med il Rldeh, ¥066 8! the’ @ndoheeth & MAALASe iR $n2A8s Qb KARgS and

the ethers ate separ.ated fromthe alkanes.. 18.. Th rocess as e
claim 1. whePBFRCSa R TERn SOl 1 S HEEiadaony BREstyiis nelal

I d.in
, _ ers-a Kenes - Ahed the et Reér s
are separat 8§ FRoHAM % LAAREA TS 188 FHRIGHFIEsSORSE NG At GPP S m 1,
wherei n sai difiedd anshiodi hbesfedd @gad hhel raiaaisy ahdthenamigghfedes are
separatedsromthe 15 ketones. 20. The process as clainmed in claiml1,
wher ei n sai dnf egodBiind B8 &od03eRFbededyHiRGRA BANSn aNGrketegess and the
hal ogenat ed_i*ilig%gfaa{é%%? v\giegxélfeﬁﬁf%r @éedié Y Hﬂ?lgﬁt&f“ﬁrecéatgéine@‘in 0Cess

as clainmed in aid.feed contarns cycli or

m 15 ) et ones .an
cyclic al coﬁoFgu’&%%“i%éfg aF B SHPEPEERY T g AT FonEBnTPNal) o
process as EFSFABILT rthe §PETainsthées A $hHohinbsh apPEegiablenyelatidditd used
as sai d &% reilative st tiret boP i RradaicitdéstEmm Thesppavasiveaslenented i’'n cl ai m
1, wherein makd bonised ifqui sepaatias Batwkeamithal fep grwakiuam and on such as
the nitratecaRkRNY, Ahet BEpdLitidehkEnahthTi3at gndnt DN Wi ngNEbout the

tetrafluoro d a i al..um,nat r
hexaf | uor opﬁggéﬁgzggﬁr}a%o;l SRR ﬁb Pﬂ%‘?ia‘li‘;ruﬂhél@ &@r%%mghp cnngec:ani ons.
S

> anj.on or the rre& %%sgr e _anl plg,, ar gﬁre. |
35 24. The pf A LHEPnRE YIP EPEFRHESE WS8R <4l ¢S SRPCLT f*used as
sai d ent réd f&f RABPRENES| 5A RecIPPasatae (iRefdzardudteeam 68" ofs thrktom
pyri di ni um @abdoat ;and kdeasnbrd inerc aSepar ariviehelphestrho@inubechy ivay. o0 25.
The process exampl@ipkatesnoe! aiderkd whedessrdoredupeskirigs.onic |iquids are
used as said entrainer. 26. A nethod, wherein the process as clained in

clainms 1 an j ! u negl_ I . i ith
claim 2 4518 §?°.3e5§8§5%§5§51§5’.t°°2%h%f%%“é%&??@%ﬁ?%% ORI
accor danc¥® St REBFERMRS £PPYe 5. theg VARRE RERTRYTSa8™ cYiff MMFS; f° ’r%ia]rhqé‘,ld
wher ei n t he 288pheats G1156f 155 sRATFI5dt PERSHIRIUS: the oM XITE WAER athfertops
ef f ect ed by pvednst ofs aapprppimatealsi eguah tmarerogadccaidirglye 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.
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10 The separative elements ”1” in conventional extractive
rectification result in separation of the entrainer from the
overhead product, but separation is never complete. Discharge
of portions of ionic ligquid via the vapor phase without the
separative elements ”1” is not possible due to its extremely

15 low volatility.

Capital costs are reduced because the separative elements "1”
are not needed.

The process according to the invention is explained below by
20 means of examples.

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,
Vol. I Part 6a, p. 17] the butene-butane system is a
close-boiling system. The separation factor which was measured by
30 means 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
liquid 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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cyclohexanone in the ionic liquids ethylmethylimidazolium
tetrafluoroborate (EMIM-BF4) and ethylmethylimidazolium
hexafluorophosphate (EMIM—PFg) is 1.66 at 142 °C for EMIM-BF4 and
15 1.61 at 140.8 °C for EMIM-PFg. Both ionic liquids bring about an
increase in the separation factor of the cyclohexanol —
cyclohexanone separation system and are thus suitable as
entrainers.

20 Example 3
System to be separated: acetone-methanol

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

25 Vapor-Liquid Equilibrium Data Collection, Dechema Data Series,
Vol. I Part 2a, p. 75] the acetone-methancl 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-BFy,

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-CH3S04, of 0.5 at 84.6 °C for EMIM-(CF3S03);N 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
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VBVEVaBeLs 5351070 2.99 3.25 517 6.00

040 | 0.60 237 3770 377 5.86

050 | 0.0 188 741 - 357 572

0.60 | 0.40 158 712 438 5358

0.70 | 030 134 185 430 5.25

20 0.80 | 020 117 1.68 402 495
090 | 0.10 1.06 148 3.99 490
095 | 005 1.00 132 356 487

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

2

(3]

The ethanol-water azeotrope occurs at approximately Xgthanol =
0.95. It is precisely in the range around this that the entrainer
30 pas 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:
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 liquid 1l-ethyl-3-methylimidazolium
tetrafluoroborate on the binary homoazeotropic system

4 tetrahydrofuran-water

[}
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15 0.60 0.40 2.56 11.29
0.70 0.30 1.64 9.93
0.80 0.20 1.10 8.57
0.90 0.10 0.79 7.21
20 Table 2: Separation factor o of the homoazeotropic system

tetrahydrofuran (THF)-water at 70 °C with and without the ionic
liquid l-ethyl-3-methylimidazolium tetrafluoroborate

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

Example 5a
Effect of the ionic liquid l-ethyl-3-methylimidazolium

tetrafluorotosylate on the binary homoazeotropic system
tetrahydrofuran-water

3

()

Table 2a shows the effect of the entrainer
l-ethyl-3-methylimidazolium tetrafluorotosylate 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%.

*THF XWater O-THF, 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 24.7

0.5355 0.4645 23.8

45 0.6307 0.3693 22.8
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hence the suitability of the ionic fluid as entrainer may be
seen.
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Effect of the ionic liquid l-ethyl-3-methylimidazolium
tetrafluoroborate on the binary homoazeotropic system
propanol-water

Table 3 shows the effect of the entrainer
l-ethyl-3-methylimidazolium tetrafluoroborate on the binary

propanol-water system at 85 °C and a molar liquid concentration of
the entrainer of 50 mol%.

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

Table 3: Separation factor o of the homoazeotropic system
propanol-water at 85 °C with and without the ionic liquid
l-ethyl-3-methylimidazolium tetrafluoroborate

Example 7

Effect of the ionic liquid l-ethyl-3-methylimidazolium
tetrafluoroborate on the binary homoazeotropic system
isopropanol-water

Table 4 shows the effect of the entrainer
l-ethyl-3-methylimidazolium tetrafluoroborate on the binary

isopropanol-water system at 90 °C and a molar

of the entrainer of 50 mol%.

liquid concentration

X[sopropanol XWater ClIsopropanol, Water QOlIsopropanol, Water
[Mol %] [Mol %] binary system without entrainer ternary system containing
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
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isopropanol-water at 90 °C with and without the ionic liquid
l-ethyl-3-methylimidazolium tetrafluoroborate

5 In Tables 1 to 4 a marked difference is discernible between the
binary phase compositions and the ternary phase equilibrium
compositions formed after addition of the nonvolatile entrainer
according to the invention l-ethyl-3-methylimidazolium
tetrafluoroborate. Due to selective interactions with the polar

10 system component, water, the ionic liquid exercises an
advantageous effect on the separation factor. Moreover, in the
ethanol-water (Table 1) and tetrahydrofuran-water (Table 2)
systems it is clearly evident that the effect of the ionic liquid
on the vapor-liquid phase equilibrium is so great that the

15 azeotropic point has been broken down, that is to say it no
longer occurs.

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 GEthanol, Water | QEthanol, Water OEthanol, Water
30 [mol %] [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 | 020 0.80 445 437 5.49
0.30 0.70 2.99 3.77 5.17
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 1.17 244 4.02
0.90 0.10 1.06 1.83 3.99
0.95 0.05 1.00 1.32 3.56

45
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ethanol-water system at 70 °C for the conventional entrainer
ethanediol and the entrainer according to the invention
l-ethyl-3-methylimidazolium tetrafluoroborate

From Table 5 it emerges that for the same concentration of
entrainer the effect on the vapor-liquid phase equilibrium and
hence the useful effect is distinctly greater in the case of the
ionic liquid, particularly in the azeotropic range.
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What is claimed is:

U&I
U&

1. A process for separating liquids or condensable gases in the
5 condensed state comprising:

use of an entrainer which is an ionic liquid and brings
about a change in the separation factor of the components
to be separated divergent from one;

10 the ionic liquid being present at a total concentration
of 5 to 90 mol%, preferably 10 to 70 mol% in the liquid
phase.

2. A method as claimed in claim 1, comprising the separation
15 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 liquid 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.
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elements are needed above the point of admission of said
entrainer into the extractive rectification system.

"

5 8. The process as claimed in claim 1, wherein the feed is a
water-containing system which in addition to water contains

alcohols having a carbon number between 1 and 12,
preferably between 1 and 8, particularly preferably

10 between 1 and 5,
organic acids, preferably alkanoic acids,
ketones,
furans
15 and separation of the water from the other substances is
achieved.

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.

1l4. The process as claimed in claim 1, wherein said feed contains
40 alcohols and aromatics and the alcohols are separated from
the aromatics.

15. The process as claimed in claim 1, wherein said feed contains
ketones and alcohols and the ketones are separated from the
45 alcohols.
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40 25. The process as claimed in claim 1, wherein mixtures of ionic
liquids 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.
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