- | Process for gas separation The disclosure relates to a process for separating mixtures containing
HC1. HF and/or HBr and other constituents, in particular mixtures which contain C(O)F2, phosphorus
pentafluoride or particular acid fluorides and HCI and possibly HF. Gaseous organic a}cid fluorides
such as CF3C(O)F or CHF2C(O)F are starting materials for fluorine-containing organic compounds,
for example for fluorovinyl ethers which are in turn comonomers for resins or elastomers. CF,C(O)F
has been proposed as a pesticide. Acid fluorldes can, as a result of the method of preparation,
contain HCI or FIBr, sometimes also HF. PHEeptsady gantanaeditea is an intermediate in the
preparation of electrolyte salts for lithium ion batterles It can, for example, be reacted with lithium
fluoride to form lithium hexafluorophosphate. The phosphorus pentafluoride can be prepared from
phosphorus pentachioride or phosphorus trichloride and chlorine and also hydrogen fluoride. In this
reaction, HCI is formed and has to be separated off from the phosphorus pentafluoride. Carbonyl
fluoride has been propckeddaschewetehing gas prosessitondpstafinieehiralogyandiferciganing CVD
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having the shortest waglgagihcpshibadiahtnariag Helaneestwe !ﬁ'@éﬁ%@[ﬁ'%ﬁ 50 min apart)
is radiated in. In thetaor{ocess de rlee there, the ggéssure in the reactor preferably corresponds to at

least ambient pressure. e 1 Bar {a s PSSR AR s K RBHEr R RblY in the
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remains gaseous.

Phosphorus pentafluoride is an intermediate in the preparation of
electrolyte salts for lithium ion batteries. It can, for example, be reacted with
lithium fluoride to form lithium hexafluorophosphate. The phosphorus
pentafiuoride can be prepared from phosphorus pentachloride or phosphorus
trichloride and chlorine and also hydrogen fluoride. In this reaction, HCI is
formed and has to be separated off from the phosphorus pentafiuoride.

Carbony! fluoride has been proposed as new etching gas in semiconductor
technology and for cleaning CVD reactors. The European patent
application 04005421.5 (corresponds to WO05/085129) describes a
photochemical process for preparing C(O)F, from CHCIF,. The process
described there provides the preparation of C(O)F, by photooxidation of CHCIF,
by means of oxygen. Here, light which does not have a single wavelength but
instead has a spectral range covering at least SO nm (i.e. the light having the
shortest wavelength and the light having the longest wavelength are at least
50 nm apart) is radiated in.

In the process described there, the pressure in the reactor preferably
corresponds to at least ambient pressure, i.e. | bar (abs.). It can also be above
this. The pressure is preferably in the range from 1 bar (abs.) to 11 bar (abs.).
The temperature is preferably in the range from 20 to 300°C, particularly
preferably in the range from 30 to 300°C and in particular in the range from 30

to 90°C. The pressure and temperature conditions are advantageously selected so
that the reaction mixture remains gaseous.



The process described there is very particularly preferably carried out without applied pressure. The
term "without applied pressure" there means that no additional pressure in addition to ambient
pressure (i.e. about | bar), the transport pressure of the oxygen gas (or the oxygen-containing gas
since, for 5 example, air or oxygen/inert gas mixtures can be used) and any chlorine used and any
pressure generated by hydrogen chloride gas formed inZhe reaction is applied to the reaction mixture.
The total pressure in the reactor is then advantageously less than 2 bar absolute, depending on the
transport pressure even less than 1.5 ba a(? olute, but greater than ambient pressure. 10 The
process can be carried out' bAIERW CS?ré}% gpﬁbwsc‘é‘?{ﬁrﬁﬁ%w?“mé’rﬁfi‘é?@}?’e‘if‘b"lﬁé@ﬂhre is to feed
starting material (th&éppibiirdiedrpedstssk hexsoe fivoitlanoxyiied goetsiniti ghgasrseamts alsaair or pure
oxygen and if apprapraiHarinelseantinaeusbhinieAlew-Freouah aRPaS 2 ipiake off

reaction product coprgg O%C};/régsgpe amaunt coglesgsoggi to the amount fed in. 15 The average
residence time in the reaction vessel Is advartageously omm 0T 16 Sy HIR &S BrérdPibly from 0.1
to 3 minutes, particEERPS et AbN TSR pestgrsimE xrsiean Ppasdiand avechlpirssidedeadime,
which depends, intengliaesardhedypecdfbiatipiofen cathatiee:povenel thahampswdon the geometric

parameters of he gllaD ARRRARIDFATDE JHEITINEFLALDSATS. o smple gQ ests and analysis

of the product stream, for example by gas chromatography. It can also be advan a{lgeous to generate
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good turbulence in HETEEBTVH ot Q3% RO Gy drreadings Qi thalensroi RESIAUESe reactor. The
optimal residence titvien insthibarasé bfmabaebitpimdessaentmdetdioninedssutbe same way. One
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the reactor which aPenat ThRe BiSi e e gouplaaldhn anemoasiniefrsdieckan naturally be
made of any mateAEKZE g7 B sijeateogasyngigansiicbras partieytarcompponends Of the radiation (see
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() nm or ey, e spectrum can also go beygnd the upper or lgwer limit).
further, particularly e%g%ﬁé%oem%gﬁl}neﬁwﬁ ?'hlélltzi?uar%lﬁélgncﬁaees‘ Oé%f}ﬁctgtfgﬁ %5\'7\%% fdiation with
light having d Waveldgthesisesseidementinipibsapeion sl itadiiiaeouslthicom&drhem of 0.6
part by weight of = 30 minutes, preferably from 0.1 to 3 minutes, particularly preferably from 0.3 to

1.5 minutes. The optimal average residence time, which depends, inter alia, on
the type of lamps, the radiative power of the lamps and on the geometric
parameters of the irradiation apparatus, can be determined by means of simple

20 tests and analysis of the product stream, for example by gas chromatography. It
can also be advantageous to generate good turbulence in the reaction mixture, for
example by means of suitable internals in the reactor. The optimal residence time
in the case of a batch process can be determined in the same way.

One embodiment provides the photooxidation in the absence of chlorine or

25 other free-radical initiators or activators. For example, the irradiation can be
performed through fused silica; other components of the reactor which are not
located between the light source and the reaction mixture can naturally be made
of any materials, e.g. borosilicate glass which filters particular components of the
radiation (see below). Suitable lamps are customary lamps which emit, for

30  example, radiation in the range from 250 to 400 nm or even up to 600 nm (the
spectrum can also go beyond the upper or lower limit).

A further, particularly preferred embodiment in that European patent
application provides irradiation with light having a wavelength of > 280 nm in
the presence of elemental chlorine, with a maximum of 0.6 part by weight of

35  elemental chlorine per part by weight of CHCIF, being present in the reaction



35 elemental chlorine per part by weight of CHCIF2 being present in the reaction -3- mixture.
Preference is given to using from | to 50 mol% of chlorine, more preferably from 5 to 20 mol% of
elemental chlorine, per mole of CHCIF7. The conversion, yield and selectivity are particularly high in
the process described there if the reaction is carried out in the presence of elemental chlorine 5 and
activating irradiation with light having a wavelength > 280 nm is employed. Frequencies having a
wavelength below 280 nm are then essentially masked out of the frequency spectrum. This can be

effected by using irradiatiop, lamps whi Q%r%t‘? I t‘i ving, a W el qgth -above or at 280 nm
and/or by using means Whi(r:h masl% tﬁgla% ropr%%% requgtr?cl}g)sné%t)éf) e eorrﬁﬂ%égiﬁé%t For 10

example, irradiatioR E45BY dmettd ¢l Al Ta Rl sacniaehlomiamasareateomy-tdCiEnt having a
wavelength of 280 mm dibalsowesisrijyerki cutlthd shivitgrare puefieniftychigipandnrtpottie radiation.

Borosilicate glasseg oniaramalar aleaiis I3 UHEa b U pusanse, Sullakle,glasas,contain, for
example, from. 7 to 13% .of B203, gdom 70 to 8&%@‘ Sj02, also irom 2 to 7% of Al201 and from 15 4

to 8% of Na20 + Y4188 WAy 08 BeE e AENREarE a2 bR MBhEh case in % by
weight). Known brgaidrddiosiieasicykmsas ancanelemgthbylox 286 BwliefexthTinesseotiaiintio of the
starting material torgagl@ar eest arfrvethineg wsisle rgﬁﬂ%i%ﬁ]ﬁ&f@%%cﬁﬁ?qwiﬁaﬁlﬁg%n Cof
abovementioned eapn. nt 20, application, but it is.advantageous to.\use at least 0.4 mot o
oxygen per mole o s&rﬁ#ﬁ%&é&ﬁn}éﬁ éiﬁgﬁtgﬁ)? 5’&3’81?8& ggagr‘éeéjéhﬁte% %()jnv%gﬂ%ﬁ?é 1?Pfolar ratio of

the starting compotieeBegEhis matle theppeanpte Graatsnciesiapafitamittssh ligbtalier 1:0.6. The
oxygen can, s stateainple, isediatishedore ohmicd e taxyghrziasprefecatilytuesgarineorm of an
02/inert gas miXturﬁﬁQ%%MtWé@@feagtﬂ%P%@ 8&9?55%’#“.@%3#%&@%@ rs%%‘%gt purity, itis

desirable for very little water to be present in the reaction (for example less than 9 pm). If desired,

the reactants can Ba"FIAEBLAMPANSEL RAHRE FULBWRHesHikate Lstip risremp dlcular sieves.
Separation of C(OyEgiandrii@kcin foe ththjewpdsdoB ettt siwy poassinrdadisiifiatide, BénHowever,
owing to the fact theg el efiBUROIRTG @R ANEHS! A% flaseiRorber sepatatiop gy distillation
is costly. Mi)itg s ey @%ﬁ' g}%;z% qkaﬁ’zg)osr)ﬁi( glrg]cP E(’)nbl% ttr(])eS%%Jtl taﬁia%rﬁlgggrrt]ﬁtln?e%l oxides (in
each case in % by weight). Known brands of borosilicate glasses are Duran,
Pyrex and Solidex.
The molar ratio of the starting material to oxygen can vary within a wide
range in the process described in the abovementioned European patent
20  application, but it is advantageous to use at least 0.4 mol of oxygen per mole of
starting compound. Particularly good results are achieved when the molar ratio
of the starting compound to oxygen is in the range from 1:0.4 to 1:1, in particular
from 1:0.4 to 1:0.6. The oxygen can, as stated, be used in the form of air. The
oxygen is preferably used in the form of an O./inert gas mixture, but in particular
25 as pure oxygen. With regard to the product purity, it is desirable for very little
water to be present in the reaction (for example less than 30 ppm). If desired, the
reactants can be freed of entrained water in a known manner, e.g. by means of
molecular sieves. Separation of C(O)F, and HCI can be achieved, for example,
by pressure distillation.
30 However, owing to the fact that the boiling point of C(O)F, and HC] are
close together, separation by distillation is costly.
Mixtures containing HF can, for example, be the result of a fluorination
reaction with hydrogen fluoride. Thus, carboxylic acid fluorides can be prepared
by reaction of carboxylic acid chlorides and HF or photochemically
35  (US-A 6489510). These mixtures usually also contain HCI.



reaction with hydrogen fluoride. Thus, carboxylic acid fluorides can be prepared by reaction of
carboxylic acid chlorides and HF or photochemically 35 (US-A 6489510). These mixtures usually also
contain HCI. -4- In addition to the above-described problems of separating 1ICl/carboxylic acid fluoride,
HF/carboxylic acid fluoride, HF/HCUcarboxylic acid fluoride, HCI/PFS or HCI/C(O)F2, it can generally
be desirable to separate HF, HCI or HBr off from gas nfixtures containing IIF, HCI or HBr together with
other 5 constituents or fractionate these gas mixtures so as to give gas mixtures or pure gases which

are depleted in HF, HCI o LB QL3lgEN iched.in the ather, companent or. co ents. The European
patent application EP-A 1 394 11 S%Z%‘Sr%géeadﬁ%%‘g%% 6?b%1§‘%9atfﬁ83ﬁfé%g?§%ﬁé?oﬁﬁg from acid
fluorides. As deacidififthfiuagdrt T et hacdis arhikirridsnibbiiHdlcribersitis acisbifimeridsint of at least

50C and has nitrogBICHE hete HEHHO)F h itesnaarasiiy tncaminddacsepsrindigataddn sheisiescription
of the patent applicamw%ﬁ%&%%ﬁ%wmgm%%%&ﬁ&'%%tﬂ‘ ggyne (amines have an
C

appreciable vz??oour pressure eveﬁ at. tempﬁﬁatures below 100C) stich as imidazole or pyridine or an
appropriate ion 15 89(8?1%%8{&%8& ASHONRICANRFEET SERLUCERPOAS 1) SRS HGHSS ¥ G5 ps.
Examples of such gakaneiycirerpdsnlivigi aagyridite) arldBralyvre/ttdipheitlinahe tahée liquids are not
used. The internatiebaieatanbapipaientyVO 02/074718 discloses ionic liquids as selective additives
for the separation of closg-beiling or azeotropic, mixtur ixtures are liquids or condensed
gases, i.e. the separatios;lle_tllg g‘l‘fﬁ%ﬁfﬂﬁ&?ﬁ“éé%gﬁrg |§ﬂ?§_§ 'régtggegsit%‘?ég’ﬁ?ﬁéﬁ??ﬁ%fﬂfn is made of
mixtures of water RFPRENHIELL wiranydleTacids fommpsiddnosidonds, desetdiBingegdates, acetic acid,
mixtures of atétondarchamettizio oaipione PRIlR G4 iKBHES S Pemast Hdcast StWdRgathons or
alkanes/alkenes. T i nic. 25, mixtures, qften of compounds having at
Hﬁr@&%ﬁe@%ﬁ% Byﬁ%%rgg%a}n%hs %ﬁgmxg[en%tegpp | égﬁbcﬁtf &

least 3 carbon atoms, or mixtures contalnlngiiwa.ter. e enta 35293

discloses ionic liquRfSTHRIN ALths BAFBLAPREGHIgBRSNIereacthedieisermeanatig campiphshic acid
group. Such ionic iguidsavemmiec (sedifor sepanatipprafiahbsespeug pfesssepatating off or 30

transferring CO2 OfrfRSatH-S BRRIMITH XH AKENRInAKMES & S5 RaRLd 8t an appropriate ion-
15 exchange resin having amino groups such as pyridine or imidazole groups.
Examples of such polymers are polyvinyl(4-pyridine) and polyvinyl(2-pyridine).
Ionic liquids are not used.

The international patent application WO 02/074718 discloses ionic liquids

as selective additives for the separation of close-boiling or azeotropic mixtures.

20 These mixtures are liquids or condensed gases, i.e. the separation is a liquid-
liquid separation. As mixtures to be separated, mention is made of mixtures of
water with amines, tetrahydrofuran, formic acid, alcohols, acetates, acrylates,
acetic acid, mixtures of acetone and methanol or close-boiling mixtures such as
C4-, C3-hydrocarbons or alkanes/alkenes. The mixtures are thus purely organic

- 25 mixtures, often of compounds having at least 3 carbon atoms, or mixtures

containing water.

The US patent application 2004/0035293 discloses ionic liquids which
have a group having Bronsted-acid properties, e.g. a sulphonic acid group. Such
ionic liquids can be used for separating off gases, e.g. for separating off or

30  transferring CO; or COS, for separating off alkenes, alkynes or-CO or for
catalysis.

The US patent application 2002/0189444 (= US patent 6579343) discloses
a process for purifying gases by means of ionic liquids. For example, water, CO,,
oxygen and the like can be separated off from gas mixtures. In this way, natural

35 gas, air or oxygen can be purified.



catalysis. The US patent application 2002/0189444 (= US patent 6579343) discloses a process for
purifying gases by means of ionic liquids. For example, water, CO2, oxygen and the like can be
separated off from gas mixtures. In this way, natural 35 gas, air or oxygen can be purified. 5 lItis
therefore an aim of the present invention to provide asprocess which is simple to carry out and by
means of which FIF, HCI or HBr can be separated off from gas mixtures so as to give a gas mixture
which is depleted in HF, HCI or HBr or is enriched in the other component or components. A preferred
aim of the presentlingeéhtiohois tm providéhe presessiygnimeaiospod vitkchpB{@ ) Zylpblosphorus

pentafluoride g AR ARICANOLdR deplrtestin HE ean be ablained g xS containing
C(O)F2 or ph?s orus P?ntaﬂuoridte and HCI or %}/ means gf.wglicg %%]“EC PI’{? rg%)éphorus
pentafluoride KR B ShiEd R EAcHEE TS HEH th QLB ThiR IFBS T hid ject isAchieved by the
process of therppeseiohipf/BntisrntSureennynatco Ny e A tirst aspect, there is provided a process for
separating HF, HCA ﬁehﬁﬁéar@ﬁm QASHNPEULEDS COBIRIGHTY tdlﬁrbkéid@éhb@&e%@%one or more other
gaseous constituent rei se gas mixtures contacted with one or mare, ionic liquids which
o HF  HO BB b e R B R g cegree,
According to 8eskiehinddpbetnthe AOIAINSANIIB IRHIGESS BRIBHIE figde Wb tBREAm the triflate ion
and tosylate ipenthfluos ¢ased$vateraddeshandwhectotie (igOig-isoprgfespinty e seemitaliyrivater-free

(e.g. has a water coplent.afless fnan Q% Dy weiaht), sa.hat hyrglysis af e dugriges,.can oceur to

only a small extent, if at all. lonic liquids are added at the beginning in the process of the present
disclosure. THEEEH SO MR BIEleR §88ther components in the gas mixtures to he treated are
compounds whighmare gases under standard conditions (25C, 1 bar abs.), e.qg. trifluoroacetyl fluoride,

trifluoroacety] fluoyiggmlaﬁltg Q(Qgﬁi,ag&cwﬁg% grﬁmg%égg@gggﬂgg@gag%gwmpy reaction with
the hydrolysis- sitive constituents of the gas mixture ( ony| fluoride, acid fluoride or PF5) when
tho a5 it K04 TAGIAETT SAREN ROIgH b AR ABORBRES fOFL e mosty volatie and
easy to remoeskom @ngg@q@tﬁwﬁ@grein these gas mixtures are contacted with one or more
ionic liquids which sorb HF, HCI or HBr or at least one of the other constituents of
the gas mixture to a differing degree. According to a second aspect, there is
provided mixtures of ionic liquids which contain the triflate 1on and tosylate ion. In
no case is water added and the ionic liquid is preferably essentially water-free (e.g.
has a water content of less than 0.1% by weight), so that hydrolysis of the fluorides
can occur to only a small extent, if at all. Jonic liquids are added at the beginning
in the process of the present disclosure. The compounds present as other
components in the gas mixtures to be treated are compounds which are gases under
standard conditions (25°C, 1 bar abs.), e.g. trifluoroacetyl fluoride, trifluoroacetyl
fluoride, PFs, C(O)F,, etc.
Water present in the ionic liquid is consumed by reaction with the hydrolysis-
sensitive constituents of the gas mixture (carbonyl fluoride, acid fluoride or PFs)
when the gas mixture to be fractionated is passed through it. The components formed
are mostly volatile and easy to remove from the ionic liquid.
The process 1s particularly suitable for separating oft HCI and is described
further in this regard.
The process is suitable, for example, for gas mixtures which contain HCI and
carboxylic acid chlorides which are gaseous under standard conditions, e.g.
trifluoroacetyl chloride (TFAC) or difluoroacetyl chloride (DFAC). It can also be
employed for separating HCI from carboxylic acid fluorides which are gaseous under
standard conditions, in particular from difluoroacety! fluoride, trifluoroacetyl fluoride,
CoFsC(O)F or CH3C(O)F. It can also be applied to gas mixtures containing HBr and
other constituents. It is preferably used for purifying carbonyl fluoride or carboxylic

acid chlorides or carboxylic acid



The process is particularly suitable for separating off HC1 and is described further in this regard. The
process is suitable, for example, for gas mixtures which contain HCI. and carboxylic acid chlorides
which are gaseous under standard conditions, e.g. triluoroacety] chloride (TFAC) or difluoroacetyl
chloride (DF'AC). It can also be employed for separating HCI from carboxylic acid fluorides which are
gaseous under standard conditions, in particular from difluoroacetyl fluoride, trifluoroacetyl fluoride,
C2F,C(O)F or CH %O?i: t can also be applied to gas mixtures containing HBr and_ other
constituents. It is 3?% &t %ﬁ&ﬂggﬁ P8 PaR CEABAD IR SHckmBRsb BEdsdHEHMRSs or

carboxylic acid -6-s#hantestiving not more than 2 carbon atoms. If HF is present, this is likewise
separated off. While ma%n&&%@ﬁﬁ%@@ﬁ@@&%i@iﬁ%ft@ﬂ% HoPevidearepaiptionsf Jiquid

components or corlwidep ggn?'ﬁses in therp({oce soft eﬁptresent dlscﬁ%re. preference is given to

i o3 h§58&d TN TS 98] is not

fractionating a gas mixture Ollcl:?\n:[é Contacted in aseoushle"c}?lfﬁ(\:/\e/ﬁ%
brought into contaBi$fiRECedhabIEda fEsHentRetReERs T NyatdviTish. iaboverienigestparticular aim
of treating gasitzixforaswithtainiogicGid)E? iand HGlotteatiph gas Rixtiemeap@ningearboxylic acid
fluoride and HF apgdjar HE oL H)%?giﬁgug@s mixtures containing phosphorus pentafluoride and HCI is
achieved by the process of the invention for isolating C(O)F2. carboxylic .acid fluoride or phosphorus
pentafluoride which is dépfef8d AR KINEOPEH IR B I ET A Bl kHed i oyraifsoxylic acid
fluoride or phosphéii¥)pentd Ol deaflinppsefetrec proaessi providesdaithesefnbtisemdo be
contacted with anygnig ligui ' r ic ac j

NG BRI MNUE R SOTRS S (iR, R Mﬂﬁ‘?fi ﬁ:@b&?&b@ﬁs%%%é}g#’i??g sossible 1o

pentafluoride to a djffering degree to that with which it sorbs HF; HCI or HBr
select ionic quuids%ﬁéﬁ%ﬁb?%@%ﬁ' PREPLRSEB Pl RS ARLSNGS 59b itabmee Nttt viiss usually
the case that HCI, 34Kl dluptBicisr pbrispliome reeatatinglydoywibivic 1idedadd D)6 Cadbabiylic acid

fluoride or phosphgiusipeatafiuwiide genietzd baG i AnAioidiBE BAsEESMsdenic liquid and can
be isolated or the %as OF gas mixture ok%tainc?d is enriched.in P&O%FZ, carboxylic acid fluoride or

phosphorus penta ﬁgtr? e. ?ﬁ% invention is expramnad TS RS RESH PREFHEES 4B DF bRt mixtures
containing HCI andVd@yronic liquid which sorbs C(O)F,, carboxylic acid fluoride or phosphorus

pentafluoride to a differing degree to that with which it sorbs HF, HCI or HBr.
Although it is possible to select ionic liquids which allow HCI, HF or HBr to
pass and sorb the other constituents, it is usually the case that HCL, HF or HBr is
sorbed more strongly by ionic liquids and C(O)F,, carboxylic acid fluoride or
phosphorus pentafluoride depleted in HCL, HF and/or HBr passes the ionic liquid
and can be isolated or the gas or gas mixture obtained is enriched in C(O)F,,
carboxylic acid fluoride or phosphorus pentafluoride. The invention is explained
further for its preferred application to mixtures containing HC! and C(O)F,.

For the purposes of the present disclosure, ionic liquids are as defined by
Wasserscheid and Keim in Angewandte Chemie 2000,112, 3926-3945. Tonic
liquids can, for example, be used as solvents. As stated in the documents cited,
ionic liquids are salts which melt at relatively low temperatures and have a
nonmolecular, ionic character. They are liquid even at relatively low
temperatures, e.g. <100°C, and have a relatively low viscosity. They have very
good solvent capabilities for a large number of organic, inorganic and polymeric
substances.

Furthermore, ionic liquids are generally nonflammable, noncorrosive and
have a low viscosity and display an imperceptible vapour pressure.

The ions of the ionic liquids which can be used in the present disclosure can
have one or more positive or negative charges, with ions having one positive
charge and one negative charge being preferred.



For the purposes of the present disclosure, ionic liquids are as defined by Wasserscheid and Keim in
Angewandte Chemie 2000,112, 3926-3945. lonic liquids can, for example, be used as solvents. As
stated in the documents cited, ionic liquids are salts which melt at relatively low temperatures and
have a nonmoleeular, ionic character. They are liquid-éven at relatively low temperatures. e.g.
<100C, and have a relatively low viscosity. They have very good solvent capabilities for a large

ic, I eric substances. Furthermore, ionic Ilqwds are generally
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nonflammable, noncorro s A ch G SHLeR AR driERran W&ﬁﬁlﬂ vapour pressure.
The ions of the ionhqunardsmlmo@mrbhémé@dhWméﬁe'ﬁihelgseiemasecbam itraivdiqurior more
positive or negat'vwém@e Wi RSN VNG ARG PSR FRIGRAGHARE IRARIVE.Chalgs being
preferred. -7- lonic |i |ds ul,{%are suj ta for the e? ration of mixtures of substances are
described in WC) ‘?E‘fl Rrarg A §ohab e dﬁ‘é@g\%ﬁl‘&ﬁk}@%%\ﬁ?ﬁ%}%ﬁaﬂ%ﬁﬂjmlum or
phosphonium ions dgceativaiian ‘géh@r@ﬂmm@mhﬂﬂté}me®mmemé@§mmnﬂﬁe@/ Uidiecgo no

chemical reaction I@aﬁipg)é@n%@ampﬁﬁmm@mpn@ebﬁﬁﬁk&ﬁ@wm@ﬁ% tegdtagtionated.
This can easily be ens redal%)é/ mear][s o{ simp)| le tests. If. cons |tuents Whl h are. sen3|t|v§ to moisture

are present in the gas mixtire, i is a van?a%eolﬁléx ur?ﬁcl)tlé NGRS (I)ar m%ﬁd‘é%a“ g. by means

of desiccants in thé%&cﬁrxqsydﬁéshwwmm ofrfdppigaaIGT méhﬂ@aqﬂqe bﬁrﬁésémﬁléé%déhy
sensitivity to oxygethditigadisothpabeibiddeaitiizepirthes @i}l%dﬂﬂﬂtdﬁgetg othese hevingguanidinium
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give a product which has to be liquid ata temperature of not more than 100°C in
order to give a useable ionic liquid. Ionic liquids or mixtures of ionic liquids
which are liquid at ambient temperature (about 20°C) are particularly
advantageous.

Phosphorus-containing cations, in particular phosphonium cations having
four identical or different alkyl groups, e. g. butyl, octyl or phenyl radicals, have
been mentioned in the abovementioned publication by Wasserscheid and Keim.

Preference is given to nitrogen-containing cations; the disclosure will be
described in more detail for this embodiment.

In principle, it is possible to use all known cations which have at least one
organic substituent on the ammonium cation. In general, these are primary,
secondary, tertiary and quaternary ammonium cations. The substituents can, for
example, be linear or branched alkyl groups, for example alkyl groups having
from 1 to 12 carbon atoms. It 1s possible for identical or different alkyl
substituents to be present on the nitrogen atom. The substituents can also be
aromatic radicals, for example the phenyl radical which may, if-desired, bear one
or more substituents, for example one or more C1-C3 groups. Arylalkyl
substituents, for example the benzyl radical, are also possible. Guanidinium
cations and isouronium cations are also suitable cations (such compounds are
obtainable from Merck Darmstadt). The substituents on the nitrogen can be
hydrogen, linear or branched alkyl groups or aryl groups. The substituents on the



been mentioned in the abovementioned publication by Wasserscheid and Keim. Preference is given to
nitrogen-containing cations; the disclosure will he described in more detail for this embodiment. In
principle, it is possible to use all known cations which have at least one organic substituent on the
ammonium cation. In general, these are primary. secondary, tertiary and quaternary ammonium
cations. The substituents can, for example, be lineardt branched alkyl groups, for example alkyl
groups having from | to 12 carbon atoms. It is possible for identical or different alkyl substituents to be
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3-pyrazoline, 1-imidazoline, 2-imidazoline, 4-imidazoline, thiazole, oxazole,
1,2,4-triazole (positive charge on the nitrogen atom in the 2 or 4 position), 1,2,3-
triazole (positive charge on the nitrogen atom in the 2 or 3 position) and
pyrrolidine. Details of the substituents may be found in WO 02/074718 on pages
20 6 to 13. Cations of N-alkylisoquinoline, alkyltriazolium, N-alkylimidazoline can
likewise be employed. These structures can be substituted by hydrogen. One or
more hydrogen atoms can also be replaced, for example by alkyl groups having
from 1 to 18 carbon atoms (C2-C18-alkyl groups can also contain one or more
oxygen or sulphur atoms or imino groups in the chain), by C6-C12-aryl, C5-
25 Cl2-cycloalkyl or a five- or six-membered, oxygen-, nitrogen- or sulphur-
containing heterocyclic radical. Two of the substituents can also form an
unsaturated or saturated or aromatic ring which may be interrupted by one or
more oxygen or sulphur atoms or imino groups. The substituents mentioned may
in turn be substituted by functional groups, aryl, alkyl, aryloxy, alkyloxy,
30  halogen, heteroatoms and/or heterocycles. -
A substituent on the nitrogen atom which bears the positive charge can also
be, for example, C1-C18-alkylcarbonyl, C1-C18-alkyloxycarbonyl, C5-C12-
cycloalkylcarbonyl or C6-C12-arylcarbonyl; the substituents, too, may in turn be
substituted by functional groups, aryl, alkyl, aryloxy, alkyloxy, halogen,
35  heteroatoms and/or heterocycles.



pyrrolidine. Details of the substituents may be found in WO 02/074718 on pages 20 6 to 13. Cations of
N-alkylisoquinoline, alkyltriazolium, N-alkylimidazoline can likewise be employed. These structures
can be substituted by hydrogen. One or more hydrogen atoms can also be replaced, for example by
alkyl groups having from I to 18 carbon atoms (C2-Clg8-alkyl groups can also contain one or more
oxygen or sulphur atoms or imino groups in the chain), by C6-C12-aryl, C5 25 C12-cycloalkyl or a five-
or six-membered, oxygen-, nitrogen- or sulphur- containing heterocyclic radical. Two of the
substituents can also fdtaians afsatuhatedoycdatizata diverematerddgrvhichdnyled itesrupted by
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preferred for the purposes of the present disclosure.

Very particularly preferred cations are imidazolium cations which are
substituted by one, two or three substituents each having 1-24 carbon atoms;
here, the substituents may in tum be substituted by, for example, aryl groups.
Particular preference is given to 1,3-dimethylimidazolium, 1-ethyl-3-
methylimidazolium, 1-propyl-3-methylimidazolium, 1-butyl-3-
methylimidazolium, 1-pentyl-3-methylimidazolium, 1-hexyl-3-
methylimidazolium, 1-heptyl-3-methylimidazolium, 1-octyl-3-
methylimidazolium, 1-nonyl-3-methylimidazolium, 1-decyl-3-
methylimidazolium, I-undecyl-3-methylimidazolium, 1-dodecyl-3-methyl-
imidazolium, 1-benzyl-3-methylimidazolium, 1-butyl-2,3-dimethylimidazolium.
lonic liquids having 1,3-dimethylimidazolium, 1-ethyl-3-methylimidazolium
("EMIM"), 1-propyl-3-methylimidazolium and 1-n-butyl-3-methylimidazolium
("BMIM") as cation are very suitable.

Particularly suitable anions are anions which can form hydrogen bonds.
Strongly coordinating anions such as alkylsulphates or aryisulphates are more
suitable than weakly coordinating anions such as trifluoromethanesulphonate and
in particular hexafluorophosphate or tetrafluoroborate because they often give
good puriﬁcatibn results even in a single-stage procedure. Further suitable anions
are halides but in particular the anions of monobasic or polybasic oxo acids or
their derivatives such as esters or amides, e.g. sulphonates or sulphonamides.

Further well-suited ionic liquids are those having the following anions:



substituted by one, two or three substituents each having 1-24 carbon atoms; here. the substituents
may in turn be substituted by, for example, aryl groups. Particular preference is given to
1,3-dimethylimidazolium, 1-ethyl-3- methylimidazolium, I -propyl-3-methylimidazolium, | -butyl-3-
methylimidazolium, 1-pentyl-3-methyhmidazoliunr, 1-hexvl-3- methylimidazolium,
1-beptyl-3-methylimidazolium, 1-octyi-3- methylimidazdiium, | -non yl-3-methyiimidazolium, | -decyl-3-
methylimidazolium, I -undecyl-3-methylimidazolium, | -dodecyi-3-methyl- imidazoliunt. |
-benzyl-3-methylimidazoliun:, 1 -bu%l-z',s-dimethvlimidazolium. lonic liquids having
1,3-dimethylimidazftfi2ibatirgsharHg miatal oh drm o fvwarbep risis ffetrmplieiazolium and
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results even if a siglenstage preschadireithinbefissicadie beindonradmiitie sbtitylsyphiaczlar the
anions of monobasithyA5phaRaSICHRNSy REIEAE, BidRtINMIVE B)Edhas RISRALIARILeS, e.9.
suiphonates or sulgﬁg,?ﬁbrg%%%gte I;urtgerﬁ/v?lgguiagaqg%%i‘%iqug%so%r%v ghefc_e ?\!Ilg%é e foll wing anions:
-10- alkylcarboxylates havirg a tof}ﬂ 0 r_c?'n? t6 ¥ carbon atoms, ) example daretdia s,
alkylcarboxylates ﬁ&sﬁﬁﬁ@é@%@ﬁeﬁmﬁtbﬁﬂmﬂﬁcﬁhﬂ%@mﬁmér@édété@épb&tphme;
hydrogensulphate ppbpgiphasphhiyddigepppoiitaitiadinbmdenphsisphalenalioysstiobphateaving a
cr-C12 akylygdicat wpmaysapraRALABrAsIERer i sRegfit.ARiene Deie, JPr SxaimPle:
methylsulphate, ethylsuIphate,sn-%g%%sﬁphate, r?—butﬁgulplﬁgte rou ﬁ 0 '%%t%‘%ﬁfp%a g]
alkylphosphate anf 8FRYpAEEHAR ﬁaé‘ﬁﬂ%%?%@ﬂ%ﬁg&@ﬁré%%é&m&@Phﬁ‘é'iWﬁhosphate,
dimethylphosphatéyetnglphosphatdogiethviplopptiatsh In-flumbytphesphate, di-n-propylphosphate,
n-butylphosphate. ginubkiABR9RRIGHE: Griait AbKaIRINELe P (EIRR s fidallyisulphonate
e.g. methyl-, ethyl-, 9;&&0{)&%,8-?%}?&)%@; &Ulﬁho ate L%vn%ﬁ acCl- |Bjﬁ$_alkyl group substituted
by one or more halSgEEShe b {PHEOTHE! és.gg.l.o FEPHEHY aE PR AR YEriflte):
arylsulphondt®, e.gnedsylizhespiisaspheHatphosphonate, n-propylphosphonate, n-butyl-
phosphonate; phosphonate having a C1-C12-alkyl group which is substituted by
one or more halogen atoms, preferably fluorine, and is bound directly to the
phosphorus, e.g. trifluoromethylphosphonate; esters of the abovementioned
phosphonates having a C1-C12-alkyl group which may, if desired, also be
20  substituted by one or more halogen atoms, preferably fluorine atoms; imides of
bis(C1-C12-alkylsulphonate), where the alkyl groups may, if desired, be
substituted by one or more halogen atoms, preferably fluorine, e.g.
bis(trifluoromethylsulphonyl)imide.
» Preferred anions are C1-C12-alkylsulphates, particularly preferably C1-C4-
25  alkylsulphates, in particular methylsulphate and ethylsulphate, and also, as
indicated below, triflate and tosylate and also mixtures thereof.
Without attempting to give a scientific explanation, the results indicate that
it is not so much the polarity of an ionic liquid but rather the presence of strongly
coordinating anions in an ionic liquid, e.g. methylsulphate and ethylsulphate,
30  which influence the uptake of HCI or HBr. Weakly coordinating or
“noncoordinating” anions (S.H. Strauss, Chem. Rev. 1993, 93, 927-942), e.g.
SO;CF; and in particular PFg and BF4, in which the negative charge is strongly
delocalized do not display any particularly strong HCI or HBr absorption effect.
On the other hand, ionic liquids having the SO3CF; anion have the process
35  engineering advantage that they are very stable towards HCI and other
constituents of the gas mixture. A somewhat lower affinity towards HCl is



having a CI-C12-alkyl group which is bound directly to the phosphorus, e.g. 15 methylphosphonate,
ethylphosphonate, n-propylphosphonate, n-butyl- phosphonate; phosphonate having a C1-C12-alkyl
group which is substituted by one or more halogen atoms, preferably fluorine, and is bound directly to
the phosphorus, e.g. trifluoromethylphosphonate; estans.of the abovementioned phosphonates
having a C1-C12-alkyl group which may, if desired, also be 20 substituted by one or more halogen
atoms, preferably fluorine atoms; imides of bis(C | -C12-alkylsulphonate), where the alkyl groups may,
if desired, be subdttiansgdlyesneycr @rethizildgelf desineg].pheferabtytiborinesss gy means of
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ionic liquids which fhavedisailtingideindvinbishiéndigher thandesikest)d RRigdiduids,whigh contain an
anion mixture of Preferred ionic liquids are often ones having a E1(30) value of more than
20, preferably more than 30, in particular more than 40. This value is a measure
of the polarity, see Reichardt, Solvent Effects in Organic Chemistry, Weinheim
VCH, 1979, XI (Monographs in Modern Chemistry; 3) page 241. ,

In the process of the disclosure, it is possible to use ionic liquids which
contain only one compound. It is also possible to use mixtures of two, three or
more different ionic hiquids. In this way, it is possible to influence, for example,
the separation properties, for example the polarity or the affinity towards a
compound to be separated off; or it is possible to influence the viscosity or the
temperature at which the mixture becomes solid. the latter is exploited in
mixtures of 1-ethyl-3-methylimidazolium triflate and 1-ethyl-3-
methylimidazolium tosylate.

The contact between the gas mixture to be treated and the ionic liquid can
be brought about by methods customary in gas-liquid operations. For example,
the gas mixture to be treated can be passed through the ionic liguid; suitable
nozzles, frits or mixing devices enable the contact area to be increased. It is
possible, for example, to effect contact in a bubble column. If desired, the ionic
liquid can also be immobilized, e.g. on a support, e.g. a ceramic material, or
incorporated in a polymer; this embodiment is less preferred.

The pressure can vary within a wide range; it can, for example, be from

ambient pressure up to 10 bar (absolute) or even higher. In process engineering



triflate and tosylate or preferably consist thereof, e.g. in a molar ratio of from 0.1:1 to 10:1, preferably
from 3:7 to 7:3, are a good compromise between effectiveness of the depletion and stability and have
a sufficiently low melting point, in the range from 0 to 60C. Consisting of the mixtures mentioned
means that no ionic liquids having anions other than triflate and tosylate are present. Preferred ionic
liquids are often ones having a E1f30) value of more than 20, preferably more than 30, in particular
more than 40. This value is a measure of the polarity, see Reichardt, Solvent Effects in Organic
Chemistry, Weinheim VCH, 1979, Xl (Monographs in Modem Chemistry; 3) page 241. In the process
ofthe disclosure, itRpessitsisitepiest faieticputiotiotactiostalrmomicdreasmpoundliittis also possible
to use mixtures of swerplbse@®n ML Affeeentionis lgikigse iﬂ@ﬁﬁé’\&%ﬁi&tli&ﬁQSSib'e to inﬂuencg, fOtr)
example, the separatiopproperties. for example the polarity or,the affinit towaﬁ\s a compound to be
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varied within a widsossibge. The temperature is advantageously selected so that the viscosity is in the
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ionic liquid or the FBatifs Brssss S Jiquid. In the case of a sufficient purity, the gases can be

15 condensed and passed onto the respective use. In the case of some separation
problems, further constituents which likewise pass the ionic liquid can be present
in the gas mixture. In the case of gas mixtures of C(O)F, and HCI from the
photochemical oxidation of CHCIF,, it is possible for, for example, starting
material also to be present. The constituents of the gas mixture which are not

20 retained in the ionic liquid can be separated off in a customary way, e.g. by
fractional distillation or condensation, before passage through the ionic liquid.
As an alternative, they can be left in the gas mixture to be treated and be
separated off after contact with the ionic liquid. An example is a fractional
condensation or a condensation which may be followed, if desired, by a low-

25  temperature distillation.

The constituents retained in the ionic liquid can be recovered from this
physically in a reconditioning, e.g. by application of a vacuum, heating, passing
through of inert gases or the like, if desired also by means of a combination of
two or more such physical measures, e.g. increasing the temperature and

30 applying a vacuum. The separation of the constituents of the gas mixture retained
in the ionic liquid from the ionic liquid simultaneously regenerates the ionic
liquid which is then available for renewed use. The desorption temperature is
preferably not higher than 100°C, but can go up to below the decomposition
temperature of the ionic liquid. In the case of application of a vacuum, 1 mbar is

35  alimit which is often preferred for technical reasons. However, there are no

objections to working at a lower pressure, e.g. 107 mbar, as successful



possible. The temperature of the ionic liquid on contact with the mixture to be separated is preferably
in the range from the solidification temperature of the 10 ionic liquid, e.g. above 10C, up to 80C. As
stated, a range from the solidification temperature to the decomposition temperature is in principle
possible. Ideally, HCI or HF is retained in the ionic liguid-and C(O)F2, PF5 or acid fluoride passes the
ionic liquid. In the case of a sufficient purity, the gases can be 15 condensed and passed onto the

respective use. In the case of some separation problems, further constituents which likewise pass the
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of a vacuum, heating. Passing Through of Sy GAQBLCAIHHS e CRARLRLA SIS fa
combination of tWRISFHoreSEER PHyciea) AicaselicsEhirrvensiiegoimsioornpelatafseiad 80 applying

a vacuum. The separasior: ol constityipisi phtie gampibiupe-Eetained i the-iprigdiquid from the
ionic liquid simult g9 r i iapic, liquid which is then available for renewed use. The
desorption tempei(gtufgﬁlgé{jgr%?ggb y r?o?% %ﬁ?e%l%égﬁe f%%;%‘%tcaéﬁuggtﬁlﬁ %8' 56 %\R/r?ﬁseurdﬁ_ecom position
temperature of théni€ fefnead1 Aleated SapeEPic it orrnIas Ahe trrondiiisaving 96 thditarivvhich is
often preferred fortitgakinical reasons. However, there are no objections to working at a lower

pressure, &.0. 10-3 mba A3 sH6CRRSIuhrt pEXRELMENtE IS sown, ReseRlion ocgurs very duickly

(e.g. within from | tq 2 hours) even at temperatures at or \ . down to parlefgiga y 40C. In
contrast, the remoWHI0F i LoHaY IhJitiereca dSHa¥ER R s vayghibe melfiréiheating at
150C and above fof thampisdigsids containing the tosylate anion to those containing the triflate

anion is from 0.1:10 to 10:0.1, preferably from 3:7 to 7:3. Tosylate is o-tosylate,
m-tosylate, preferably p-tosylate.

Particular preference is given to mixtures of ionic liquids whose cations are
different or preferably identical and belong to the class of imidazolium,
imidazolinium, pyrazolium, oxatriazolium, thiatriazolium, pyridinium,
pyradizinium, pyrimidinium or pyrazinium compounds and are, in particular,
selected from among 1,3-dimethylimidazolium, 1-ethyl-3-methylimidazolium
("EMIM"), 1-propyl-3-methylimidazolium and 1-n-butyl-3-methylimidazolium
("BMIM").

In the mixtures of the disclosure, the proportion of ionic liguids having the
triflate and tosylate anions is preferably at least 75% by weight of the total
amount of ionic liquids. The balance to 100% by weight is made up by ionic
liquids having other anions, e.g. the ethylsulphate anion. The proportion of ionic
liquids having the triflate and tosylate anions is preferably at least 90% by
weight, very particularly preferably 100% by weight. Especially preferred
mixtures comprise EMIM triflate and EMIM tosylate or consist of the two
components mentioned.

The process of the disclosure relates to a new separation problem which
was not known in the prior art. It differs from known processes in that inorganic
constituents (HCI, HBr, HF) are separated off or participate and in that it is not

amines but instead ionic liquids which are used for the separation. It has the



In the case of desorption by changing the pressure, it is critical that the desorption is carried out at a
pressure which is lower than the pressure on loading. If the gas mixture and the ionic liquid are
contacted at superatrnospheric pressure, e.g. at 5 bar (abs.) or more, the subsequent desorption can
be effected at a pressure which is at or slightly abovel4mbient pressure, e.g. at 1 or 1.5 bar (abs.).
Desorption can naturally also be carried out at subatmospheric pressure and, if desired, elevated

temperature to complete the.r ifionin the ionic liquid. The.disclosure further proyides mixtures
of ionic liquids con%(;Yr%%%%%gé%?aQe@ ?o%yrafglilo%? }%{3}8}1@?@&68}} ikt 8§th ich the
molar ratio of the TSifEolsiAsnsHita ARG HENE Y atentifiisn aherseasmaibingylinadiflate anion is

from 0.1:10 to 10:@Hippdieiabbafboryid: adtd fidorlasy aigistRrtos e phipaylate, preferably
p-tosylate. Particular praference. is gien 49t $ 0 ionic liguids whose cations are, different or
preferably identica%l}]d belong to t%e)%ass of imi azoo%ie r%r,almi az%g)ﬁlr%rrlﬁ),{%‘f/er%zo|ur§§§i<g&triazolium,

thiatriazolium, pyrigiPieh T HssasmridisuBehop\nhprRiisesnipearissand are, in particular,
selected from amamty dn8ytiowet iy limmdazolitmpetteetiybdaoé tedimider cisinfd EAMEYE, in

1-propyl-3-methylifpidaaoiimoaneid Nasatybd-me tudimisazaiyny, e RNEW i dhe ityres of the
disclosure, the proportion of ionic li w%s havin tt}? triflate and tosylate anions is preferably at least
75% by weight of e@%%gf‘ga?%%ﬁh’tgq@f A a(}éﬁ%ﬁ FHAGR e ot NgigheTs Al up by ionic

liquids having othdidniokes sggifibaneadysulgisatevenibn ridye g périoorpdnoniolientidsdhaning the

riflate and tosylateaninmgiis o ieyahideasrInahnnvaighh wepsRasticlarlyaraferably 100% by
weight. Especially‘%ei‘f rred. mix%lrJ&ensffomgrise EMIM triflag%%f%g MIM tasylate or consist of the two

G et QAo eac RB iGAPHIONIE which was

components mentioned. 1 He process of the discibsure rel
not known in the pridthdat . ieisHes fwn dhmpsepasises dh Rafioorghesohoométitlehiofdas!, HBr,
HF) are separatedwfhisspasiaipaeiaoddesthad His ael Mpinespprépasteadiionicliguids which are used
for the separation. It hasrj A0 AR ALk HE. AL KB 30.Bs, soparmlen off n a simple

way from other

scope.
General

In the following examples, use was in some cases made of test mixtures
which were prepared for the experiments and contained only two constituents to
be separated from one another. For other examples, mixtures originating from
photooxidation experiments and containing not only the constituents C(O)F, and
HC to be separated but also further components, in particular the starting
compound CHCIF,, were used. The latter compound passes the ionic liquid
together with the carbonyl fluoride. The further purification of the resulting
mixtures can be effected by distillation - the further components are separated off
in this way. As an alternative, a purification, e.g. with distillation of the reaction
mixture containing further components, can first be carried out in order to
separate off the reaction components beforehand; the resulting gas mixture then
contains only carbonyl fluoride and HCI which are then separated by means of
the 1onic liquid.

In the experiments, tosylate is always p-tosylate. -
Example : Separation of HC] from a mixture with C(O)F,
1.1. Use of 1-ethyl-3-methylimidazolium ethvisuiphate at room temperature

A C(O)Fo/HCI gas mixture was prepared by photooxidation of CHF,Cl
using the process of the abovementioned as yet unpublished European patent

application 04 00 5421.5. A crude gas mixture having the composition 45% of
C(O)F, 34% of HCl, 6% of O, and further reaction components (starting



hydrolysis-sensitive constituents of a mixture, e.g. gaseous carboxylic acid chlorides and carboxylic
acid fluorides, in particular from phosphorus pentafluoride or C(O)F2. The ability to separate HCI from
mixtures with C(O)F2i which are obtained as a result of the method of production, is particularly
advantageous. A significantly better degree of separation than, for example, in the publications US
3,253,029 and US 4,092,403, where acetonitrile is uséd as separating agent, is achieved here.
Furthermore, the reconditioning of an ionic liquid has significant advantages over the recycling of an
organic solvent such as acetopitriie or a hydrg hloride%fa amine. It is also possible to treat mixtures
which originate frdRi fli8Hn&Soh FeLReSH %?%ﬁB?p%?l? %ﬁm@@&%&w G?EWWE in particular
from the preparatipresirrhfeoghphesghbetidgicodhiohdel Sog hdSphokus(Viethybrides and HF and
also, if appropriatendtiyiighdeZolibs talowinsharampiasilesiiaie fraiscrosureamithRsb fegtlicting its
scope. General Iré égstfgggwggﬁ)eé&gn{%lesqbﬁﬁv% 'g some cases tr?agf gft%est mixtures which were
prepared for the experlmen(t)s. rja‘con Sinie 0 f wo constitients (6" e ‘s’erbagg?élg Fr)om one another.
For other examplEXCHEOFSB BHBIRAMYSBMINh6 RpAtRED Atsischaionis HavidoRksivgg not only the

constituents C(O)k&handd HETisiagtRaigiechis valbodiyrtheo gampanaatuainpdttichirr the starting
compound CIICIFgeéﬁgéetﬁ@ggﬁJ h%dgltter compound passes the ionic liquid together with the carbonyl
fluoride. The further purification of the resulting mixtures can be effected by distillation - the further

components are separate@HaiRYREs symaearedieRiibe xpriHmentidhe LHowine tillation of the
reaction mixture contpisitigifwtsetetmtedalvenisiream fifshbevashriedtieltyimerasoitogaeparate off the

reaction conponedigoRRIRAAN dhs Llting gavasiuehan, Gpoipina omy epraany fluoride and
HCI which are then separate bémeaf%o the Iomfﬁlﬁgd. Fbr: the experiments, tosylaﬁe is always
p-tosylate. Exampret "8 SRR S HERFEIRIPRTUIS RIIFCIOIRRIDETS Pescaf 1 the gas
|-ethvl-3-methylimigiarakusmnetrebisieharerassegmibrowgetrurniAl QEB)F2/HCI gas mixture was

prepared by photaoXidaiat af &bl (singihepoerssi®f the abovementioned as yet unpublished

— . : » o
European patent appllﬁéoer)]( 8&11%% r?t% I%fgée &rréj%e as mixi rgdql%\(/llglglw.e composition 45% of

15 A crude gas mixture having the composition 47% of C(O)F,, 30% of HCI,
9% of O, and 14% of further reaction components was passed at a feed rate of

0.8 mol/h through a wash bottle containing 83 g (2 mol) of acetonitrile.
Immediately after commencement of the experiment, the following gas
composition was detected downstream of the wash bottle by means of gas

20 chromatography: 55% of C(O)F,, 12% of HCl, 15% of O, and 18% of further
reaction components.

1.3. Reconditioning of the ionic liquid

Since one property of ionic liquids or mixtures of ionic liquids is an

imperceptible vapour pressure, a vacuum of 10 mbar or less can be applied to the
25  laden liquid to recondition it.

The HCl-laden ionic liquid from Example 1.1. was maintained at a reduced
pressure of 10 mbar for 1 hour. Gentle heating, e.g. to 40°C, while stirring
accelerated the removal of the gas from an ionic liquid which is liquid at room
temperature. Evacuation was continued until no more gas was given off from the

30  ionic liquid. -

Experiment 1.3 was repeated at 1 mbar and at 1 mbar and in each case
again led to reconditioning of the ionic liquid.

Increasing the temperature to, for example, 100°C would likewise be
expected to effect desorption with reconditioning, in a shorter time.



C(O)F27 34% of HCI, 6% of 02 and further reaction components (starting - 15 materials, etc.) was
passed at a flow rate of 0.8 mol/h and slightly elevated pressure through a wash bottle containing 115
g (0.49 mot) of | -ethyl-3- methylimidazolium ethylsulphate ("EMIM ethylsulphate™). To obtain
hydrolysis- sensitive components (e.g. C(O)F2) of a gas mixture, it is advantageous to 5 exclude or
minimize moisture in the apparatus and in the ionic liquifl - This was achieved by flushing the
apparatus with dry nitrogen and evacuating it while heating the ionic liquid. Immediately after
commencement of the perlme t, the fo s co osmon was detected downstream of the
wash bottle by means of ga& 1t ﬁro?ﬁg'i% Eib?%/ ?5?65 ('@')‘FCZ liguid dsrampiesds of 02 and 24% of
further reaction coisfswdtinaedhi peros naysivplhenotisdrbampohitntfopie sienidrbtifiergasd mixture is
not reduced on paaﬁ@gpmﬁﬁg@aghﬁdqmc liquid. 1.2. Use of acetonitrile (comparative example) The

experimental procqdre; wa ) : ,ulS éh UdF gats mixture having the composition
47% of C(O)F2, 30% of HCI 9 9 Of TUTther res ~8miponents was passed at a feed

rate of 0.8 mal/h througﬁ%’i’t@%&lé ’coﬁt&‘?ﬁlﬁ’g"@gf@f&rﬁ@ ﬁhﬁ%@?@dﬁﬁ@ ahérhiédiately after
commencement ofwhek tiperimerioitnkall 4046 o DA TBTXMSIIMHERsHdSacRE [davidsiream of the

wash botfle by megq o6 aat30:C HAMARO AR pa2 0L £ 11808 SLHGH e 02 and 18% of

further reaction comg %ggb%ei Reconditionin of the ionic liquid Since one property of ionic liquids

or mixtures of ionic'll ?ﬁ’ﬁ@ﬂ:@fﬁ‘?ﬁ%% etpipresaihbosticdpreripasly dnwhad vfitkss can be
applied to the 25 Hdkeehitpidng régerifidviid Bhe lddphattamiadiddigalgt fratarHExarbple 1.1. was
maintained a3 redFRekRIEEE a0l ABbMRId-09uA fEPRURRRAIBEGR A, while stirting

accelerated the rem %I of.the Hg%olrom an ionic “qu’d which is liquid at ro m temperature.

Evacuation was conhnded o S B2 SOTHRASHIOR WS?nC 8“’3’(5“? WESiEEIdhent 1.3
was repeated at 1 WisBroafile &y manpaf gardchremetogupby ag8%h H@OWFeodititditioy, de ionic
liquid. of further reaction components which can be separated off by distillation.

1.5. Use of 1-ethyl-3-methylimidazolium trifluoromethanesulphonate ("EMIM
15 triflate") at room temperature

A gas mixture which had once again been obtained by photooxidation of
CHCIF; and contained 40% of C(O)F,, 32% of HCI and further reaction
components was used. It was passed at a flow rate of 0.8 mol/h under slightly
elevated pressure through a wash bottle (again flushed with N,) containing 100 g
20 (0.38 mol) of EMIM triflate (made largely water-free by application of a vacuum
at about 50°C). After commencement of the experiment, the following gas
composition was detected downstream of the wash bottle by means of gas
chromatography: 53% of C(O)F,, 5% of HCI, 42% of further reaction
components.
25 The HCl content can be reduced further by further contacting with EMIM
triflate.
1.6. Use of 1-ethyl-3-methylimidazolium toluenesulphonate ("EMIM tosylate™)
at 60°C

The reaction mixture used in 1.5. was, after drying of the apparatus by

30 means of N; and application of vacuum to the ionic liquid at 100°C, passed
through 100 g (0.35 mol) of EMIM tosylate. After commencement of the
experiment, the following gas composition was detected downstream of the wash
bottle by means of gas chromatography: 56% of C(O)F,, 0% of HC, 44% of
further reaction components.



Increasing the temperature to, for example, 100C would likewise be expected to effect desorption with
reconditioning, in a shorter time. - 16 It can easily be established whether the ionic liquid is completely
reconditioned by means of a simple mass balance of the ionic liquid before and after passing gas into
it. 1.4. Use of 1-ethyl-3-methylimidazolium ethylsulphate at OC 5 As in Example 1.1., a gas mixture
from the photooxidation of CHCIF2 which this time cohtained 40% of C(O)F2, 32% of HCI and further
reaction components was used. The crude gas was passed at a flow rate of 0.8 mol/h under slightly

elevated pressure through a wash bottle (previously flushed with N2) taining 115 g of EMIM
ethylsulphate (ma&e7|' S - I '&" :..’...I‘L S0 5 v‘ ."j i H ‘.- ') 5 2 : A EEH 3 =ts ':.’.‘; i_.'n'.' ."A!ﬂ?k"
commencement ofatite! jethroldBiaticthytheiflokoling tghs womipbeitaa av88Cetermined downstream of the

wash bottle by means of:gaschinmeinarBRIn a8X1.8E LGP Shidfal Addtf fudhipr reaction

components which can bte se%arated off by distikléagron. 1.5, Use of |-ethyl-3-meth IiEnidazoIium
trifluoromethanesuiphonate CEMIM Y tar?f%‘?%cﬁl 8BRS MBS R & g%ﬁﬁ@é’é\‘%ich had once

again been oBtain€am§ipRs bR @R Bh. CHC I Adhed ftathedraadivofcai@ymensismwf HCI and

further reaction cqmm&iw&usﬁ@mﬁs%qamﬁm@@ ovfag&aé%lgwmsgrzﬂgmlyl) f
elevated pressure h in flyshed. wit containing 1 .38 mol) o
EMIM triflate ( mad%%%%%f?%v%@g Be%t{?ﬁg g h%lgt# o‘ﬁag?lmgb%ﬁ)(rﬁr &t abot lﬂ% %‘8839 %\fo(tléﬁ

commencement oFRSEREBY e dP iwiRg &iroreResi tempas dacirddaemrstermielivhstrash of the
wash bottle by meboslebgascaisrofmatodiapitopaihef €2 F2CENRS MG L4208, oifdrdter reaction

components; @5 Thﬁtﬁglrg&q;&%g%&{%ﬁ%quced further by further contacting with EMIM triflate. 1.6.
Use of 1-ethyl-3-methylimidazolium toluenesulphon%te ("EMIM tosylate™) at 60C The reaction mixture

used in 1.5. was, after dR/E G¥PRE DN aF0 6y ShoriERscambs itk dheRse RO to the

ionic liquid at 100Coptstied witholghnigug (3.86 moly bHENHM tosylate. After commencement of the
Example 2: Separation of HCI from PFs by means of EMIM triflate
A test mixture comprising 56% of PFs and 44% of HCl was produced by
15  condensation of appropriate amounts of PFs and HCI. This mixture was passed at
a flow rate of 0.8 mol/h through a wash bottle containing 100 g of EMIM triflate
at room temperature for 15 minutes. During this time, the ionic liquid became
laden with HCI. A desorption was then carried out by applying a vacuum of
1 mbar at 100°C for 30 minutes.
20 Since PFs is difficult to detect by gas chromatography (it reacts with the
Si0; of the column), the following procedure was employed: the offgas stream
from the desorption was passed through a gas wash bottle containing 100 g of
0.IN NaOH solution (Titrinorm, VWR). Ion chromatography of the acidic scrub
solution obtained indicated a ratio of chloride to fluoride of 95:5. For
25  comparison, the starting mixture (44% of HCI, balance to 100% PFs) was passed
through 100 g of the 0.1N NaOH solution. Ion chromatography indicated a ratio
of chloride to fluoride of 60:40. This comparison demonstrates that HCI is highly
preferentially absorbed by the ionic liquid compared to PFs. |
Complete desorption can be concluded from the mass balance of the ionic
30 liquid before and after desorption. -
Example 3: Separation of hydrogen fluoride (HF) and hydrogen chloride (HCI)
from trifluoracetyl fluoride (TFAF) by means of EMIM trifluoromethane-
sulphonate
Trifluoroacetyl chloride (TFAC) was stirred with hydrogen fluoride (HF)
35  overnight in an autoclave at 50°C. The resulting mixture of TFAF and HCI and
also unreacted TFAC and HF was passed through 100 g of EMIM triflate. The



experiment, the following gas composition was detected downstream of the wash bottle by means of
gas chromatography: 56% of C(O)F2, 0% of HCI, 44% of further reaction components. -17- 1.7. Use
of a mixture of 1-ethyl-3-methylimidazolium trifluormethanesulphonate and 1-ethyl-3-meth
llimidazolium toluenesulphonate at 0C EMIM triflate and EMIM tosylate were used in a molar ratio of
1:1 and any water was removed as described above. Téis time, a crude gas mixture 5 containing 41%
of C(O)F2, 32% of HCI and further reaction components from the photooxidation of CHCIF2 was
used. The flow rate was once again 0.8 mol/h and the total amount of ionic liquid was 100 g. After
commencement ofcﬂfépé&ﬁéﬁm%% 898 HINOWeRy a8 povase Shivw ghabaismictbquibwastream of the

wash bottle by médnerniigastshsasmiogiappiipbss 69 LOIFALL %1 9f SIGICB5M, o 1 uther reaction
components. In th'ﬁ?ﬁ?&%ﬁﬂ&ﬁé’gaé%ﬂ%z%_%gtﬁék%%ﬂ %}E%‘C/f%p %%%Q’b p% ene _%9 cqntacting

with the mixture of the ionic liquids.”"Examp eparatio m y meafs 6 IM triflate

A test mixture comBiARE 66445F ﬁ?@rﬁﬁ’&%ﬁ%%ﬁ@mi%ﬂﬁﬁé@by 15 condensation of
appropriate afounts of Rfi&: passig€ thilughrttiztiord atag:ph sse doiowiflgworafidSomakh through a

wash bottle contaiRinoJiQRe of & MM itk 4 oPUHRG-this time, the
ionic liquid becamq @d \%&%HA%&Q de%?o )t?éégv%ﬁ&g%? %{;i'f#iﬂe% %%Jn}{lb%ﬁg%%ﬁr? ggv%%%:&m of | mbar
at 100C for 30 minu e%.‘%:g ince PRSI g ﬁ%l%%’ﬁ’é’t‘é‘& P EhLoE At tart APHA Roeerls with the
SiO2 of the colum)e i daflewingng fededeetied armhpley 8dothis effgas. Stteamiofrometieendesorption
Wﬁs passed tthUgﬂWﬁﬂM@&bﬂDﬁ&Hﬁ ilc)ami@gim mglsrﬁfo@,léweNﬁth?Jﬁilﬂe%oﬁﬂHi&Ofm’ VV}/R)- lon
chromatogragphy of cidic sGr olutionobtained indicated a ratjo ride t oride of 95:5.
For 25 comg{;ﬂsoﬁg l%?}a&s?ﬁrt%%ﬁ%%?}&ﬁ%}@ of HET a?gﬁgéa’tglﬁ 0%/%[ %&?&% ?)gﬁuésbe ?H’rough 1.00
g of the 0.1N NaOFPsehfigRoIsHIEArdhtRFditiidndicated a ratio of chloride to fluoride of 60:40.

This comparison demoristratesishdbuial deahighasniaierentialiaberrhescigiie ienismligrid compared
to PF5. Complete %ﬁ@&@g& carReconcluded from the mass balance of the ionic 30 liquid before

and after desorption.



Example 3: Separation of hydrogen fluoride (HF) and hydrogen chloride (HCI) from trifluoracetyl
fluoride (TFAF) by means of EMIM trifluoromethane- sulphonate Trifluoroacetyl chloride (TFAC) was
stirred with hydrogen fluoride (HF) 35 overnight in an autoclave at 50C. The resulting mixture of TFAF
and HCI and also unreacted TFAC and HF was passeg through 100 g of EMIM triflate. The -18-
composition of the gas mixture before passage through the ionic liquid was determined by gas
chromatography (56% of TFAF, 34% of HCI, 7% of TFAC). HF present in the gas mixture was
detected qualitatively by observation of etched surfagesnafqglass before passage through the ionic
liquid. 5 After passage through the ionic liquid, the following composition of the gas mixture was
determined by gas chromatography: 86% of TFAF, 2% of HCI, 1 1% of TFAC. Analysis of the laden

ionic liquid for halide ionsfeuagd nateplratine Hioride apians teohe RXRELiRFbYbalsmfluoride anions.
These ions were ﬂ?ﬁﬁ. R&%%%’}&ﬂth% %Hle:adrerrglgogi%}ggfuid; furthermorte, the fl¥§ride \éalue ound is 10
significantly higher than'can'be o alne(f for éxamp e%%ﬁ%ufd%ﬁ%]is}l e rgip {588 L8t moisture in
the ionic liquid. It Weduapsafo apretapiae thitly aseridianscl éenin b ahetioniddivetebiddongEroetched glass

surfaces. _19_ QEBIMSdiRi06ess feteseparating ichkbT and 1Bk frarheasomixigemeontaining HCI,

- HF or HBr and ong gr.more other gaseous constituents, wherein these gas mixtures are contacted
with one or more |oﬁ|celiquids which sorb EICI, HF or 5 HBr or at least one of the other constituents of

the gas mixture to a diffefing degree. 2. Process according to Claim | for isolating C(O)F2 which is
depleted in HCI from rﬁlih’iﬂ%@%ﬁ?ﬁ%‘iﬁ’iﬂ%%@?ﬁ é&aﬁlﬁé Al il iredBI it e ERE Contacted with
one or more ionicigufdsmvinictivserlb@(@)EE 416 HC btol diffdrindgeiindbgse esixBuPracess according to

Claim 1 for isolating feksw/high theepleiad ipdiGlofremmixiescontaning s apditlwherein
these mixtulrgs argeglc_)é\etgcted with one or more ionic liquids which sorb PF5 and HCI to differing

degrees.
3. Process according to Claim 1 for isolating PFs which is depleted in HCl
from mixtures containing PFs and HCI, wherein these mixtures are contacted

with one or more ionic liquids which sorb PFs and HCl to differing degrees.

4. Process according to Claim 1 for isolating carboxylic acid fluoride
which is depleted in HCl from mixtures containing carboxylic acid fluoride and
HCl, wherein thesé mixtures are contacted with one or more ionic liquids which
sorb carboxylic acid fluoride and HCI to differing degrees, with the mixture
being able to contain HF which is likewise separated off.

5. Process according to Claim 4, characterized in that the carboxylic acid
20 fluoride 1s CH3C(O)F, CHF,C(O)F, CF;C(O)F or CoFsC(O)F.

6. Process according to any of Claims 2 to 5, characterized in that one or
more ionic liquids which sorb carboxylic acid fluoride, C(O)F, or phosphorus
pentafluoride more strongly than HCI or HF are used or in that one or more ionic

liquids which sorb HCI or HF more strongly than carboxylic acid fluoride,

o
i

C(O)F, or phosphorus pentafluoride are preferably used.

7. Process according to Claim 1, characterized in that an ionic liquid

containing nitrogen in the cation is used.

8. Process according to Claim 1, characterized in that an ionic liquid which
has an anion which has an E1(30) value of more than 20 and is capable of

30 coordination is used.



4. Process according to Claim | for isolating carboxylic acid fluoride 15 which is depleted in HC] from
mixtures containing carboxylic acid fluoride and HCI, wherein these mixtures are contacted with one
or more ionic liquids which sorb carboxylic acid fluoride and HCI to differing degrees, with the mixture
being able to contain HF which is likewise separated off, 5. Process according to Claim 4,
characterized in that the carboxylic acid 20 fluoride iS a-IBC(O)F, CHF2C(O)F, CF3C(O)F or
C2F5C(O)F. 6. Process according to any of Claims 2 to 5, characterized in that one or more ionic

liquids which sorb carbcx;gyl_{j{%@e%gdagb@rdggg 8(@1)2[?& qr Qﬁgﬁegg%%%e@%qﬁggg% rrln(c))tr%\hgtlr(())ncc:jIy than
r or

HCI or HF are used or.in that one or more jonic liquids which sor more _strong?il than
carboxylic acid fludiid s eyBhesats sHpbonarIdH ah aiteRiFiR e Hraehigsicaeid. 7. Process

according to Claim 1, characterized in that an ionic liquid containing nitrogen in the cation is used. 8.
Process according to Cl&rP1ocshansesetiradar et dradiguictdvinichattihs amemion which has an

E-r(30) value of mernertbaky2iphetdssanakbie i3l sopidinatinon SsaHsetriB0d BhBipeaspAaccording to
Claim 1, characteri (gs t ] janic liquid is a sulphonate, sulphanamide or an ester
anion of a pol?/bas@?acﬁ%l .0 H%E%%%,e@%%gg?eﬁﬁg’ f’o%lgi%e?% %E%laseﬁlzaé’d #ﬁﬁ%ﬁ ’ebgnion isa
monoalkylsulphateSSPFH oL IR SFHGHOHH ¥Rl phespraMasRS phosphonate anion,
where the alkyl, aryl or ester groups may, if desired, be substituted by 1 or more halogen atoms,
preferably fluorine atoms14 Fropesscassondites tdifdaionClirvhatcttrarativikzadtin traothe anion is a

mono-Cl-C12-alkyigidighaterefekalivishéd, f&%ﬁ@%@%ﬁ@%&u%ﬁ%rm according to

Claim 10, characterized in that the ionic liquid 10 contains the anion p-tosylate, m-tosylate, o-tosylate

andor iflate. 13, Proceps arGadingRdEpiy Efuahaeiaiasdin bl the iR uifis g mixture of

at least two ionic liquids having the p-tosylate anion, the o-tosylate anion and/or the m-tosylate anion
or a mixture 0f one“BPAIBS O ARNMRIISY i Hy Y o iasy 18 SRR 1R85 late anion or the

m-tosylate anion and at 15 least one further ionic liquid having another anion, preferably the triflate
anion. 13. Process according to Claim 12, characterized in that the ionic liquid isa

mixture of at least two ionic liquids having the p-tosylate anion, the o-tosylate
anion and/or the m-tosylate anion or a mixture of one or more ionic liquids
having the p-tosylate anion, the o-tosylate anion or the m-tosylate anion and at

15 least one further ionic liquid having another anion, preferably the triflate anion.

14. Process dccording to Claim 7, characterized in that the cation belongs
to the class of imidazolium, imidazolinium, pyrazolium, oxatriazolium,
thiatriazolium, pyridinium, pyradizinium, pyrimidinium and pyrazinium

compounds.

20 15. Process according to Claim 14, characterized in that the cation is an
imidazolium cation which is substituted by one, two or three substituents each
having 1-24 carbon atoms, where the substituents may in turn be substituted, for
example by aryl groups such as phenyl.

16. Process according to Claim 15, characterized in that the cation is 1,3-
25  dimethylimidazolium, 1-ethyl-3-methylimidazolium, 1-propyl-3-
methylimidazolium or 1-n-butyl-3-methylimidazolium.

17. Process according to Claim 16, characterized in that 1-ethyl-3-methyl-
imidazolium ethylsulphate, I-ethyl-3-methylimidazolium tosylate, 1-ethyl-3-
methylimidazolium triflate or a mixture thereof, where "tosylate" is o-tosylate,

30  m-tosylate or p-tosylate and preferably p-tosylate, is used as ionic liquid.



14. Process according to Claim 7, characterized in that the cation belongs to the class of imidazolium,
imidazolinium, pyrazolium, oxatriazolium, thiatriazolium, pyridinium, pyradizinium, pyrimidinium and
pyrazinium compounds. 20 15. Process according to Claim 14, characterized in that the cation is an
imidazolium cation which is substituted by one, two Qr7tp[ee substituents each having 1-24 carbon
atoms, where the substituents may in turn be substituted, for example by aryl groups such as phenyl.
16. Process according to Claim 15, characterized in that the cation is 1,3- 25 dimethylimidazolium,

I-ethyl-3-methylimidazojiu, J-proRykame taMimidaz ol Al 1nutvh 3 methylimidazelium. 17.
Process according to Claim 16, characterized in that 1-ethyl-3-methyl- imidazolium ethylsulphate,
1-ethy|-3-methy|irﬁﬁf&%ﬁij%&@t Fi%%’t}ﬁ%§??%%ﬁﬁ3ﬁﬁﬁd§kf&ﬂ% %ﬁlé&@% 'TWixture thereof, where
"tosylate” is o-tosylate, 30 m-tosylate or p-tosylate and preferably p-tosylate, is used as ionic liquid. -21
18. Process according 1§-CRpASE ranaineriodaldninkl tHemptaiie o b el ipicgiaedds preferably
in gaseous form, theseghithsinsicliigditork9. Process according to Claim 11, characterized in that the
ionic liquid is present in immobilised form. 5 20. Process according to Claim 1, characterized in that

the contacting of the iofjjchiguidanddhepikurato he sepaRlesis icatiedioubatademperature in the
range from 10 to 80C and.a gr ss§r§of from 1 to, 10 bar %atésgé 21. Pépcess accordingtto Claim 1,
BRRtGEt

¢ SOVBEUSAARE RSRAHGOI ST FEOTh At BIEF Y feBover the

characterized in that {REE g0
ionic liquid and/ortiE Cangisoiatel theo SBI e drsbnstitesurso 2RoPrddesk desdiaing to Claim 21,
characterized in that the desorption is effected by reducing the pressure, increasing the temperature

and/or pas_sing an inerg g&&me@ug_&bméii@ﬁc _ﬁmmj'td. Q&harmeﬁaa’cﬁo@nglmﬁmmef claims 2to 4
, characterized in that mixtyres whieh .1 P.oridingtediom dhe photochemisalgxidation of GHC1F2 for

the purpose, of preparing C(O)F2 or from fluorination reactions of phosphorus-chlorine compounds
with HF, in particdRisbrs the A SFBES from phosphorus(lil) chlorides or phosphorus(v)

chlorides and FIF and also, if
22. Process according to Claim 21, characterized in that the desorption is

effected by reducing the pressure, increasing the temperature and/or passing an

inert gas through the 1onic liquid.

23. Process according to any one of claims 2 to 4 , characterized in that mixtures which

15 originate from the photochemical oxidation of CHCIF; for the purpose of

preparing C(O)F, or from fluorination reactions of phosphorus-chlorine

compounds with HF, in particular from the preparation of PFs from

phosphorus(Ill) chlorides or phosphorus(V) chlorides and HF and also, if

appropriate, Cl; or Fy, or from processes for preparing carboxylic acid fluorides
20  which are gaseous at 25°C and 1 bar (abs.), in particular for processes which

comprise the photochemical oxidation of chlorofluoralkanes orthe fluorination

of carboxylic acid chlorides by means of HF, where the carboxylic acid fluoride

1s preferably CH3;C(O)F, CHF,C(O)F, CF3C(O)F or CoFsC(O)F, are treated.

24. Process according to Claim 1, characterized in that it is carried out

25  batchwise or preferably continuously.
25. Mixtures of ionic liquids which contain the triflate ion and tosylate ion.

26. Mixtures according to Claim 25, wherein the molar ratio of the ionic

liquids having the tosylate anion and the triflate anion is from 3:7 to 7:3.

27. Mixtures according to Claim 25 or 26, characterized in that the cations

30  of the ionic liquids are different or preferably identical and belong to the class of



appropriate, Cl, or F2, or from processes for preparing carboxylic acid fluorides 20 which are gaseous
at 25C and 1 bar (abs.), in particular for processes which comprise the photochemical oxidation of
chlorofluoralkanes or the fluorination of carboxylic acid chlorides by means of HF, where the
carboxylic acid fluoride is preferably CH3C(O)F, CHF2C(O)F, CF3C(O)F or C2F;C(O)F, are treated.
24. Process according to Claim 1, characterized in thetitis carried out 25 batchwise or preferably
continuously. 25. Mixtures of ionic liquids which contain the triflate ion and tosylate ion. 26. Mixtures

according o Claniy S dheIAIRNIAR PLABGURN S IGHER Y RRdReJBRYIAe anion and the
, C

triflate anion is from 3:7 to 7:3. 27, Mixtures according to Claim25 or 2 aracter ized in that the

cations 30 of the RGP EFRILFHE AR R BREHEHYSA AR PYERHBRENRIBIRG ¥89he class of -22-
imidazolium, imidazolinium, pyrazonium, oxatriazolium, thiatriazolium, pyridinium, pyradizinium,
pyrimidinium and pyraz#iuMisBrsasaeksling oiikaimes acberdiericeClaitha thatatianterizbd in that the
cations of the ioniefiguidaidsaiferennropratasallyidentical and are spletiedfianmasneng 5
1,3-dimethylimidazofiue = limidazolium,.l-propyl-3- methylimidazolium and

3 %%.gmgﬁmmammx, RGO IR

1-n-butyl-3-methylimidazolium. 29. Mixtures actording to Cla ), C aractanzed in that the proportion
of the ionic liquidSsitigifesalieandd B3 amehy ndazabitmso, by weight of the total amount
of ionic liquids, preferably 100% by weight. ABSTRACT Process for gas separation Gas mixtures
containing HF, HCI or 148rMdiriwtiseceonbitifioritiaim arwbatactaizedixtthatstivoptapoirngpratboxylic

acid fluorides, C(Qie o igsiab oesenp aniaflnerds anskiiclantRRssiyeLity sanhafiagtionated by
means of ionic ayi9Re ¢tal amount of ionic liquids, preferably 100% by weight.



