- | 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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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.



-2- 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. bali}a(t#‘)sp(z)ijute, but greater than ambient pressure. 10 The
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of the product stream, for example by gas chromatography. It can also be advan a{lgeous to generate
good turbulence in gaﬂgﬁ%%‘ffgﬁi?ﬁﬁl‘g%? R 3R Sy deremdings G bl nsrevs A SAUSe reactor. The
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further, parti%%arlyﬁg%ﬁé%oégln%{;%ﬁgﬁwﬁ that Eﬁluar%lﬁélgnlwcﬁa %S(ﬁoxgmg to the'dmount &‘ﬂem )
~ ¢ average residence time in the reaction vessel is advantageously from 0.01 to
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



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
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 inthe process described there if the reaction is
carried out in the presence of elemental chlorine 5 and activating irradiation with light having a
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The oxygen is preferably used in the form_of an 02/inert gas mixture, but in partlcflrar 25 as pure
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for example,l ? Y PIEESYES (%I i}lll%’[lgrk O and also from 0 to 5% of alkaline earth metal 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.



30 However, owing to the fact that the boiling point of C(O)F2 and HCI are close together, separatio_n
by distillation is costly. Mixtures containing HF can, for example, be the result of a fluorination r_eactllon
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 separa”tiﬁg [ICl/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, HCl or HBr, s mixtures containing IIF, HC| or HBr her with. other 5
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appropriate ion 15 exghnes @<ibnhsiegaL@mino groups such as pyridine or imidaz_ole_ groups.
Examples of such polymers are polyvinyl(4-pyrijdine _Rolyyi -pyridine). lonic I|qU|d_s are not
used. The internationaln;%ﬁ%r%uéogﬁ% %ﬁ%\; gﬁ?ﬂgﬂa‘}%%%iggggek??o TEHHfSitiE PASESHtive additives
for the separation ceefs3Besdihandrstndatrapils fipmuaeid flroridrssd piikagideirg hgaidszor condensed
gases, i.e. thé(separetinnisnatiquishligplidcepamtiona Asixtpses beﬁl@@a‘i’%’(&@%nﬂl‘ﬁﬁg'on is rtf)ade_ gf
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temperatures below 100°C) such as imidazole or pyridine or 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.



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 CO2 or COS, for separating off alkenes, alkynes or
CO or for catalysis. The US patent application 2002/8189444 (= 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
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process of the present invention:. Sunm ry According to a first aspect, there Is provided a process for

separating HECHeteddp HSH fahbeabtamived Fedrcoweairs gMEipey of By anehesidofore other
gaseous congiiueftsrivberrirHihesetgasdnixtof eshavie thordaoidd witthondoumesetaiieideuids which

sorb HF, HCI or, Bror.atleast.aneyeh e oiher sanstitents.of e gas mixiuiedo. diffging degree.

According to a second aspect, there is_provided mixtures of ionic liquids which contain the triflate ion
and tosylate iBPCRTS 96 BaEGERHHERHAR and the ionic liquid is preferably essentially water-free
(e.g. has a watergantent of less than 0.1 % by weight), so that hydrolysis of the fluorides can occur to

only a small extent,ifaalholQnicHiguidsearaipddad,alihie Legiopiag rdp e Rineess ofithe present
disclosure. The compounds present as other ents.in the gas mixtures fo he treated are
compounds wh ig%éﬁoah%%gs HqaF Sﬁ%@&?ﬁ%ﬁﬁéﬁ@h@é&, db%]?ea%rsr.’)lf) gfgf.t%iﬂuoroacetyl fluoride,
trifluoroacetyjgaseous constituents, wherein 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



fluoride. PFt, C(O)F7, 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 PF5) when the
gas mixture to be fractionated is passed though it. The components formed are mostly volatile and
easy to remove from the ionic liquid. The process is pdrticularly 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 carboxylj ac{if CBIorides which are gaseous under standard conditions, e.g. triluoroacety]
chloride (TFAC) Qlﬁéllm FoaBLRE ERIShEE ?Ef’l*—"%&@‘ir BACHSo b E ek BrS Y- RS SHAFEMIS HCI from
carboxylic acid flusersstedhidh are gaseous under standard conditions, in particular from

difluoroacetyl fluoride, trifiinEcasaiBuesiee scERBifd @ MObRH3H PR HcanAlsABE gpplied to gas
mixtures containing HBr and othetrS cggggglenté. It is pref%reabl use%{gprgpuri ing.carbonyl fluoride or
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preference is givento.fragtionating a; Qﬁ'mixture which is contacted in gaseous form with the ionic

liquids, i.e. it is not brougzgléinto contact in the c‘o'ndehnsed state with the ionic liquid. The.
abovementioned particuldF &N HHERHRG QR aLtBhisRtHl CroEswEpITmBating gas
mixtures containing¢maditiatidréuonimandxtifeandieitity cirreatinggasMideesngontaining
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provides for these #pistilresids berdosphord panthfbroiod ovigelidisviepleedrbsHIH ©) FX loar Biixylic acid
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Although it is possible tg sel%ct ignic Iig,[uids which allow FACI, HF or HBr'to
pentafluoride. 1his prererred process provides for these mixtures to be contacted

with an ionic 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.



pass and sorb the other constituents, it is usually the case that HCI, HF or FIBr is sorbed more
strongly by ionic liquids and C(O)F2, carboxylic acid fluoride or phosphorus pentafluoride depleted in
HCI, HF and/or HBr passes the ionic liquid and can be isolated or the gas or gas mixture obtained is
enriched in C(O)F2, carboxylic acid fluoride or phosphdrus pentafluoride. The invention is explained
further for its preferred application to mixtures containing HCI and C(O)F2. For the purposes of the

present disclosure, ionic liquids are as defined by Wasserscheid and Keim in Angewandte Chemie
2000,112, 3926-3945. IJATC higiids whichareaiifple fpetheserastion ehixwatfbd in the documents
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preference is given to cations which CQﬂt%II’J nitrogen Suﬁable cations and anions are described in
more detail below: B&iEAiRa person skilled i the art that the respective cation/anion pairs have to

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



be clear to a person skilled in the art that the respective cation/anion pairs have to give a product
which has to be liquid at a temperature of not more than IO0OC in order to give a useable ionic liquid.
lonic liquids or mixtures of ionic liquids which are liquid at ambient temperature (about 20C) are
particularly advantageous. Phosphorus-containing cations, in particular phosphonium cations having
four identical or different alkyl groups, e.g. butyl, octyl §r’phenyl radicals, have been mentioned in the
abovementioned publication by Wasserscheid and Keim. Preference IS given to nitrogen containing
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15 imidazole, 1H-pyrazole, 3H-pyrazole, 4H-pyrazole, 1-pyrazoline, 2-pyrazoline,
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.



Suitable cations also include heterocyclic compounds which contain at least one nitrogen atom and, if
desired, an oxygen or sulphur atom and have been mentioned in the abovementioned WO 02/0 74 7
1 8 on pages 4 to 6. These are cations based on the structure of pyridine, pyridazine, pyrimidine,
pyrazine, 15 imidazole, 1H-pyrazole, 3H-pyrazole, 4H-pyrazole, I-pyrazoline, 2-pyrazoline,
3-pyrazoline, I-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 positicatjoand{ pychaticinreciiitailmofihé suhsiitiiend oraybadaibeeeih g 02/074718
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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 acetyl, methyl, ethyl, propyl or n-butyl. It can, if appropriate, as in the ease of any
further nitrogen atoms present in the ring, also be substituted by hydrogen or CI-C12.-alkyl groups.
CI-C12-alkyl is preferably methyl, ethyl, propyl or n-butyl. It is also possible to use oligorners and
polymers containing the above- described cations (see, for example, M. Yoshizawa, W. Ogihara and
H. Ohno. Polyrn. Adv. Technol. 13, 589-594, 2002). Hdvever, monomeric cations are 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
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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; 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



dihydrogenphosphate; alkylsulphate having a CI-C12-alkyl radical which may 5 be linear or branched,
with specific anions being, for example, methylsulphate, ethylsulphate, n-propylsulphate,
n-butylsulphate through to n-ottylsulphate; alkylphosphate and dialkylphosphate having one or two
Cl-C12-alkyl radicals, e.g. methylphosphate, dimethylphosphate, ethylphosphate, diethylphosphate, n-
propylphosphate, di-n-propylphosphate, n-butylphosphate, di-n-butylphosphate; 10
C1-C12-alkylsulphonate, preferably C1-C4-alkylsulphonate, e.g. methyl-, ethyl-, n-propyl-,
n-butylsulphate; siipiaderiddiading high sebibtalkitigsoag. tubstitorptiobypuressbmnortratdgen atoms,
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somewhat lower affinity ﬁ’&%&%ﬁ H%Ici%quids 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



-11- balanced here by a high stability. If desired, the absorption process by means of ionic liquids
having SO3CF3 as anion is carried out two or more times until the desired removal of HCI has been
achieved. Further anions which have been found to be very useful are the three isomeric tosylate
anions (o- toluenesulphonate, m- toluenesulphonate and in particular p-toluenesulphonate). lonic
liquids having the tosylate anion can be present in liquid or solid form at room temperature. lonic
liquids having the tosylate anion can, if desired, be used in the form of mixtures with other ionic liquids
which lower the melting point (this naturally also applies to the other ionic liquids which have a melting
point which is high@ihahigeiirelgst lorfierivoidsheisiiastingint ambinivpresstuceod dtiglte and tosylate
or preferably consistdheteafreigotida fﬂqiwsﬁ?ﬁﬁ ééfsfﬁ@'iﬁlp% 1&&6@}&%@1{;@ m{gfﬁbly from fb;}?_ totri?, are
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increased. It is possible, for example, to effect contact in a bu column ésw%a, #€"ionic
fluoride passes the 1onic 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 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



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
-12- terms, it is simplest to carry out the contacting atl@mbient pressure or a slight overpressure in
order to press the gas mixture into the ionic quuid The temperature can likewise be varied within a
wide range. The temperature is advantageously selected so that the viscosity is in the desired 5

range. A temperafiRETEREES DANS SRR¥EN iRtafCHTN e tedginisesitathirefirerhiare to the
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desired also by m GBFHHWdﬁBnPS? erence 1S given to mixtures in whlch the molar ratio
of the ionic liquids 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



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 100C, but’cbﬁ‘go up to below the decomposition
temperature of the ionic liquid. In the case of application of a vacuum, | mbar is 35 a limit which is

often preferred for technical re QW there are no o tions to working.at a lqwer
pressure, e.g. 10@%%%%%5& gﬁggjés ulﬂcg@%ﬁgﬁrﬁgr?% RV éﬁ%%r?. TIRRIS Y &ﬁ%‘?ery quickly
(e.g. within from | Ry S HBiSFRENCAORTMYERa e BBk I0W EeBOwWeAbesPiefsidbly 40C. In
contrast, the removikofdhesotaesbenistitie fisonsidesaranekind Ruin B9 AGRsrequires heating at
150C and above far many haurs. 4 CASE. % rpiion ing the pressyre..itis.critical that
the desorption is g)ar_ried 8ut ata pfrttjag?me wﬁ?)cﬁﬁ;ﬁ%g\% ﬁ?%n%ﬁ%@@%%%s T\g%%%gd?ﬁhe gas

S
mixture and the iofTEIH S PLESAE T MIRiTbrmmsTshetRrqshissiansds @atigeBtar (abs.) or more,
the subsequent desbrpiiogecan beigffdutatiatbetprassure wiiepaiatidrothalig ftlyesbaygaaimbient
pressure, e.9. at Lk pubiakidabed Desapone RNl AINbe sl ot subaimosnheric

pressure and, if desired, elevated temperatyre to_complete the reconditioning oflt e lonic liquid. The
disclosure further SYBHTALRE AR AL SPIGFE RSTRAE WOREHRARY the eRonsioninacé iomn. Preference
is given to mixtureBdamd hisisignaliemibadeaivagt o otic liepidsnepoitainimgatiie sobydatesatian to those
containing the triflaie taieiis EAMdRos rkor g1 Al amigferahlu KO M 1018 Bed QR HAlEIS O-tosylate;
m-tosylate, preferawng c%-g%s%\ﬁ%t%.fﬁ)arqfué?r Q{iefe;eggteois %%/eg to énixtur of ionic liquidg whose
cations are different of preferaply identicar and beiong to the eS8 GHRTISEBIFR™RRRIS olinium,
pyrazolium, oxatrié’!’éhé% ; tRIBAFRE NP IR yhel pTicrarapyrerfi B RiunenpyhesidiniusilBh phterittium
compounds and axg, phdqphidetsev) ttadies ndrrpraengido Sroimsdphsnidazolitm,
1:ﬁfgﬁ't-yﬁ:gﬁ_ﬁ@{#ﬁ%ggg%1%%4%%39{8%%%@%t ImidazQiim, A0, restricting s

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




In the mixtures of the disclosure, the proportion of ionic liquids 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% h} weight, very
particularly preferably 100% by weight. Especially preférred 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 pri rt. It differs from known processes in that
inorganic constitlf8ﬁ&?%?}%waﬁﬁsﬁ?@%t&rhpﬂer&t f?%{? apelipand s 8%}4[?? Vitdnot amines but
instead ionic liquidsassvitshtneighadverhthette sardiomgtinati® 491 divantado i3at HCI, HF and HBr
can be separated gftiy RusidRpizi wAY HORUPRAE VoS SERBSIMECONSIIIRIIS IS RJIRigUre, e.g.

gaseous carboxylic acid chlorides and car, iG, acid fluorides, in.particular from phosphorus
pentafluoride or C? 2'he ggﬁﬁ?{? o?esép{aa@[?é@%ﬁ n %))(étatﬁlrfgsl\gvlﬁﬁ% E I ‘\l/vs%?ch are obtained

as a result ofXhe SHINEE OF BisHBEFORCIS WA thadpradiinmeagdds e origheisntisetesy degree of
separation than, fatldxesde floskhe phblippiions WEB2H 3 anshld Sv4addis wiklere acetonitrile

is used as separq@g@ﬁgtiéﬁig@ﬂiﬁ@d here. Furthermore, the reconditioning of an ionic liquid has

significant advantages over the recycling of an organic solvent such as acetonitriie or a hydrochloride

of an amine. It is also pBRGEHAEY BHE RTINSO ofilh SR Gl ag &sns of
phosphorus-chlorisrengosifounds deitietetEdiovpatticautaoftbevthehdretplarbyiancofRH, gaom
phosphorus{) chipfifiesioBrRRYSBIATHBOANRLRS BRHENE A AP L EPRIRFRIRRG 12 or F2. The

following examples ill%lstrate the disclosure without re?t ictinﬁ its scope. General In the following
examples, use waS1h SOE AL fiadl BFTESY RIS QIREHCRIBR DS SR O riments
and contained onpiiBredhaeatuetitsadobpaspaedbedugbrihomenamiignit. For other examples, mixtures

originating from photoxidatienaxpad Mensaagveasiaming not only the constituents C(O)F2 and
The experimental procedure was as described under 1.1.
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.



HCI to be separated but also further components, in particular the starting compound CIICIF2. 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 & 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 ionic, liguid, In the experiments, tosylate is always p-tosylate.
Example 1: Separ,ationn% (f?l&F?rScl)l%% ﬁﬁ%?h%y\fﬁtﬁvr&%‘}?ﬁ“i.‘??@sléq&q-‘ét?ﬁ}i‘-‘@lﬁ‘i%l@hylimidazolium
ethvlsulnhate at rotiertshiiioagstbiempaay Of E3ipglegassmieiane evelstipr épaiceliqoydirdtooxidhtion of
CHF2CI using theafraqessing the aeyementioned as yet unpublished European patent application
04 00 5421.5. A cryde gas PPy 1qu\r/1ilgglt e ggmgﬁgiti% 4Fu C 7 34% of HCI, 6% of 02
and further reaction compo - [ , ElC. t a flow rate of 0.8 mol/h
and slightly eldvated prééﬂr@%@ﬁém Bytlaredmaiihprhesgxida®mef3i¢CIethy|-3-
methylimidazoliumveiifishiphiate {Snividddtopisofih@s), ToobRITOyamiVsiBeSRAsILHE components

e ISR RUVAIAIRRULI R RGNS of IVIDIESIIPISIIS fhhe apparatus

(e.g. C(O)F2) of a g(%[?g
and in the ionic liquid, Th Ing the apparatus w ry nitrogen and evacuating it

s achieyed by flus C C

while heating the %qﬂgrlﬁc;l%}é@( rﬁ%@ﬁ?%@@% DonmslensariehoBlakeredpisibn8xehadevilowing gas
composition was dtite crrdagong e gmfdiMiMabhlbdtihabymekniagt asderdicematography: 67%
of C(O)F2, 010% ofpifiibaBoh oF Q2 AR 0a8bHBher) rearliQn AANRRRAGRR oFig.percentage of the
other components 4 {F(;saaurétﬁig tQﬁegf%ﬁomixture IS not rec%uced on passage through the ionic liquid. 1.2.
Use of acetonitrile ﬁ:om Aratve exAmpISEmE SBRAMAMRAY Bt st iloRa e Rd dGnder 1.1. 15
A crude gas mixturépRbpfgerky sermpoaitEns aronsta@)Ee, % dTC{O)F 99806 D2CGINLY4% of
further reaction cooflfortatsenatonassesbatddemldri@®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.




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)F2, 12% of HCI, 15% of 02 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 ptessure, a vacuum of 10 mbar or less can be
applied to the 25 laden liquid to recondition it. The HCI-laden ionic liquid from Example 1.1. was
maintained at a reduced pressure of 10 mbar for 1 hour. Gentle heating, e. g to 4OC Whl|e stlrrmg
accelerated the rer]ngv BRIETyRREh Lis e ey linidaze i yrif] ARLIEREPA0]
Evacuation was caminlet e drers hivans 1 iwnersﬁiﬁlmndﬁeeat@@@onlc liquid. Experlment 1.3
was repeated at 1 mbarmmrrrﬂ%tmﬁr@oﬂme AA0EqRGBRIN LS HRI5GRdIlPIINGRG the ionic

i vreas e gt oy S 0 v v by sl Ot

desorptlon with reEORdIto oning, in"a s or er

liquid is completelyorsamitititle @ by (ABand 25k 26t ant fivstisalenacti vt ehmjomientiy fienbefore and
after passing gas it pholodxldagodf dr eHyHE; washidbmidazalivm atb ey phataai 96 Sisip Example

1.1., a gas mixture H&)% Q&ﬁ@%ggx{%%t jon o éﬁl IF2 l\gglch/@s tlmreuggrrlltalr:?eq 49#9 of C(O)F2, 32%

of HCI and further reaction components was 45 Was passed at a flow rate of 0.8

mol/h under sllghW@%%H%Fe@ém‘ﬂ&S%W@R%ﬁw %%émé@\%ﬁlqmsbontammg

115 g of EMIM ethiytstitphatectmacieoiargbtymeaterdphe: B3 Todpliexto n%6 ot MatuBiiababout 50C).
After commq@cemﬁﬂ{&frgrégcﬁragqumn{ge following gas composition was determined downstream
of the wash bottle by means of gas chromatography: 58% of C(O)F2, 0% of HCI, 42% of further
reaction components wﬁﬁ’c‘iﬂ‘éﬁﬁfé‘g}?ﬁér‘é‘%&gﬁ GraraticAn i?%fedg%eeffr'@h‘fprby FrBgmAfidazolium
trifluoromethanesuiphientig (WMl mixture of the ionic liquids.

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



15 triflate™) at room temperature A gas mixture which had once again been obtained by photooxidation
of CHCIF2 and contained 40% of C(O)F2, 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 N2) containing 100 g 20 (0.38 mol) of EMIM triflate (made largely water-free by
application of a vacuum at about 50C). After commenggment of the experiment, the following gas
composition was detected downstream of the wash bottle by means of gas chromatography: 53% of
C(O)F2, 5% of HCI, 42% of further reaction components. 25 The HCI content can be reduced further
by further contactirt§ Hr@sRn o thiziges midugdeiora ragsgisthretiglithidendtilinvidiwenesulphonate
("EMIM tosylate")'ad6AGintd&yqastidhomagaplsed 8vled Was: afte, dning ofderannacgtus by 30
means of N2 and appligadan of HBGAUGIRSIRRIEIANIY L H00f Rassed ditondh 100,4,(.35 mol
of EMIM tosylate. After commencement of the experlment,““‘t%et?qlYo_ m& gas compogltlon was
detected downstreStHRsiEH B1aSh BN B HER dHO WS Mnisnigdgraphy: 56% of C(O)F2, 0% of
HCI, 44% of further reaétien pasypenbritsgh 1fife ibricligeidf therfistiseing toripykidanethiimidazolium

ifluormethanesulphosiau il SUbREY) IDIFERIMIBIAbETSBRIFRIS ARG FM tfate

and EMIM tosylate, wgere i olar ratio :1.and any water was remaove cribed above.
This time, a crude l\g% r%filg‘?% .138%}[%3}%8 th‘ig%d%fléﬂ@?#ﬂ% oralies Long foreubrotaebion
components from hotdeoriatsfrdlecre ! esalrsetudiidefimionatd eas onsevagain0.8 mol/h
and the total amougtefriomicHicuithnasida0 Byhderommencemantaidbe . exeiment. the following
gas composifipn w, dawnstream of the wash bottle by means of gas chromatography: 63%
of C(O)F2, 2% of ﬁgﬁ@%%ﬁf%?*fg Ut %Irlfglel%t?oorﬁ tgél}ﬁgbfr?éﬁf%?#l?ﬁ%%r}?ﬁg??ﬁlféﬁt?{gf ‘t#‘é Cl content
can be reduced fuftAESSHf radsEITcstistindiaith the mixture of the ionic liquids.
It was also found that the gas mixture leaving the ionic liquid no longer
etched glass surfaces.



Example 2: Separation of HCI from PF5 by means of EMIM triflate A test mixture comprising 56% of
PF5 and 44% of 1ICI was produced by 15 condensation of appropriate amounts of PF5 and hICI. 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_,l@g ionic liquid became laden with HCI. A
desorption was then carried out by applying a vacuum of | mbar at 100C for 30 minutes. 20 Since PF5
is difficult to detect by gas chromatography (it reacts with the SiO2 of the column), the following
procedure was employed: the offgas stream from the degogption was passed through a gas wash
bottle containing-100 g of 0.1N NaOH solution (Titrinorm, VWR). lon 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, balapse.40 fP9%6-Pirdk Was PEsSSAHI HaR J.0G5kafthe SnlhhNaOH solution.
lon chromatograp{_li%inﬁipat ratio_of chloride to fluoride of 60:40. This Cé)rpepar&?eon emonstrates

that 1ICI is highly pre‘ferer?tria yra soOrBGégrbrf}%eeoltorﬁrc%ﬁqsﬁ%%g%%g%@lf& PFE" &mpﬁgt%aaesorption
can be concluded i ¢harmeay st nthoih eionise 3onie lidubdsorkienspaftbidesdrstion. Example
3: Separatiop of hyHragen Buaride 0fiheanbhydreganehlonde: (e hifiarm tifluaragsety fluoride (TFAF)
- by means of EMINL frifluoromethane- sulphonate Trifluoroacetyl chloride (TFAC) was stirred with
hydrogen fluoride fﬁ '35 overnight in an autoclave at 50C. The resulting mixture of TFAF and HCI
and also unreacted TFA§ and HF was passed through.100 g of EMIM triflate. The -18- composition of
the gas mixture before pAs8&HS ﬁ‘iﬁ?ﬁ%ﬁ%ﬁ% {ejatisal %ﬁﬂ RRIetgsEi e d Bl SderiRdiSgraphy (56%
of TFAF, 34% of HCI, {795 ofiRFAG kokFprese (D the GBS  nivhme w s setettedeg watitatively by

observation of etcheehstfReoat glasketare passeosthough thegonic liguidy dAfierLpassage
through thelié)nic (Ig%%}jé the following composition of the gas mixture was determined by gas
0

chromatography: of TFAF, 2% of HCI, 1 1% of TFAC. Analysis of the laden ionic liquid for halide

ions found not only the chloride anions to be expected but also fluoride anions. These ions were not
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.



present in the unladen ionic liquid; furthermore, the fluoride value found is 10 significantly higher than
can be obtained, for example, by hydrolysis of TFAF by traces of moisture in the ionic liquid. It was
also found that the gas mixture leaving the ionic liquid no longer etched glass surfaces. 19
CLAIMS 1. Process for separating HCL HF or HBr from gas mixtures containing HCI, HF or HBr and
one or more other gaseous constituents, wherein thes USas mixtures are contacted with one or more
ionic liquids which sorb EICI, HF or 5 HBr or at least one of the other constituents of the gas mixture to

a differing degree. 2. Puogess.acoliaAde Al PiRalRtg, (BB SPIRIERIR HCI from

mixtures containing C(O)F2 and HCI, wherein these mixtures are contacted with one or more ionic
liquids which sorb CIBFS S RLeNAS, GHBRMARE 6 g ALY PHoREL RUSPAFE 26 l1aim | for
isolating PF5 which is depleted in HCI from mixtures containing PF5 and HCI, wherein these mixtures
are contacted with one H- Piorssoatedidingdnhlels brisiPEs gndad O thatitherimgoddgrees. 4. Process

according to Claimmdasasiefafinghearaaxsylieasishfieidmdb miieh 46 eepified jh af{ﬁ'&} mixtures
containing carpoxyli i 1] HCL w in these mixtures are contacted with one or more
ionic liquids which ‘Lélﬁgggigé;r%gﬁ%%e ﬁ%‘?ﬂ%ﬁdaﬁ‘%|°{o°§:‘%Fe$fR“péé‘é?éfé‘s‘t,%ﬁﬁH‘% ’egﬁqixture being
able to contain HF*Wh?&ﬁufgqik@ﬁ/i%%@ﬁ&%&&f%ﬁ?@ﬁ@@é%@@é’c FatateIREm 4, characterized in
that the carboxylic acid 20 fluoride is CH3C(O)F, CHF2C(O)F, CF3C(O)F or C2F5C(O)F. 6. Process
according to any of Claims Pregess eteardtterizedlnnh 40 otierertenioed iortimtithidsiohichasorb carboxylic
acid fluoride, C(O)m#s-phospharksistpmtabuorisge-more stionalyhaniEbaphifeagissed or in that

one or more ionic liquids which sorb HCI or HF more strongly than carboxylic acid fluoride, 25 C(O)F2

or phosphorus pentafluorde e RIRlaiahG 15 aien 1} IREARI AR R T LGy acterized in

that an ionic liguid
1§

contains the anion p-tosylate, m-tosylate, o-tosylate and/or triflate.

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.



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 E-r(30) value of more than 20 and is capable of 30
coordination is used. -20- 9. Process according to Claim 1, characterized in that the anion of the ionic
liquid is a sulphonate, sulphonamide or an ester aniqu)Pf_a polybasic acid. 10. Process according to
Claim 6, characterized in that the anion is a monoalkylsulphate anion, monoarylsulphate anion, an
esterified phosphate or 5 phosphonate anion, where the alkyl, aryl or ester groups may, if desired, be

substituted by 1 or morgshalggen atemg:Hyeierably fuokinealems: i wRf ecess,agrording to Claim 10,
characterized in that the anion is a é}r]%?n@ -C.I-C12-alkyflsul g&?rrtrg, ggegp?rably C|

_C4-monoalkylsulBRAES ShR8SCL P BIIRRES BEOFANY TS BIEMT 18° Ehatdctetig8ifin that the ionic liquid
10 contains the anion p-tosylate, m-tosylate, o-tosylate and/or triflate. 13. Process according to Claim
12, characterized in tha{tHa96pie TR BRI Mndire 19t shteadervsddnithngthadonis/ gadsp-tosylate
anion, the o-tosylatesanionand/bilike fartasylate 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@aiels REsferaRitiheisiiflate aRialke A4- PrOGESSROCHBING IPSElaim 7,
characterized in that the catio b%PH%S totthe cl%ss of imidazolium, i idazolinium%ﬁl'pa){razolium,
oxatriazolium, thialfidZ8 |u1r%‘f%ya By PR BT SRR A A SRR Z S MBounds. 20
15. Process accotbinguecdiaim lutockdira@edizadassthariHeoratiot istabrritaliazolium cation which is
substituted by one, two or three substituents each having 1-24 carbon atoms, where the substituents
may in turn be substituteld Mercesxampleliny arygioupschact@sipbenythitthHerassssiancording to Claim

15, characterized g {hat;the calign is L=z dimstyimidazqlium, J-ethwl:3amethylimidazejum,

I-propyl-3- methylimidazolium or 1-n-butyl-3-methylimidazolium. 17. Process according to Claim 16,
characterized in thatSLeRVISSABANIORIES S um ethylsulphate, 1-ethyl-3-methylimidazolium
tosylate, 1-ethyl-3-

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



methylirnidazolium 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. -21 18. Process according to Claim I.
characterized in that the mixture to be treated is passed, preferably in gaseous form, through the ionic
liquid. 19. Process according to Claim 11, characterlzed in that the ionic liquid is present in
immobilised form. 5 20. Process according to Claim 1, 2¢haracterized in that the contacting of the ionic
liquid and the mixture to be separated is carried out at a temperature in the range from 10 to 80C and

a pressure of fronh;ug&goql%r (ﬁ@&&gﬂnﬁﬁ?ﬁ?ﬁ gm § g}&r aCZ‘Le} mﬂ’Lt ﬁ%@%ﬂjﬁ?d in that the

constituents sorbed |n.the ionic liquid are désorbe to recover the'ionic liquid and/or 1 0 to
isolate the sorbed BBHLHHEN 91 AR RV HEUG BIHE BPE RIFAZIIHR LBRIALE in that the

desorption is effected by reducing the pressure, increasing the temperature and/or passing an inert
gas through the ionic ligdidvVRstup ey disededineite 2hykrre wtdksdin thes the eMinastdithed in that

mixtures which 15daﬁtgmgﬁa§mmdifﬁemtgqhemigmyow@lmm gﬁ@d@é&é’c{@d FreatiRege of preparing

C(O)F2 or frogn flupgl I%Hh? orine n;js WI'[ HF in particular from
the preparation of PF5 om p orus(lll) orl @é&ﬁlosaﬁoru Shidrides and FIF and also, if
appropriate, Cl, or3hglin §§€§f8r e éﬂﬁ@t Bygre e fluorides 20 which are gaseous

at 25C and 1 bar (abs.), in pa}rtlcular for processes which comprise the photochemical oxidation of
chlorofluoralkanes or th&9flivbetiage acedrdinb dx (leiacith chbertdsine dnioahst shd-iFoprhvE e e

carboxylic acid fluggicienis n&gﬁa&a&ﬂwﬁéﬁ@(@ﬂ&&hﬁ%@ﬁ%&63%&%@%%@%@%6 treated.

24. Process accor t alm 1 racte 1zed In th out 25 bhatchwise or preferably
I\/Iﬁﬁu ol ? E1 tfﬁfate QN ETT

nic d

continuously. 25. res of 1oniC qU| SWHICH Co aln osylate ion. 26. Mixtures
according to Claim 25, whereln 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, character ized in that the

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



-22- imidazolium, imidazolinium, pyrazonium, oxatriazolium, thiatriazolium, pyridinium, pyradizinium,
pyrimidinium and pyrazinium compounds. 28. Mixtures according to Claim 27, characterized in that the
cations of the ionic liquids are different or preferably identical and are selected from among 5
1,3-dimethylimidazolium, 1-ethyl-3-methylimidazolium, I-propyl-3- methylimidazolium and
1-n-butyl-3-methylimidazolium. 29. Mixtures according to Claim 25, characterized in that the proportion
of the ionic liquids having the triflate and tosylate anions is at least 75% by weight of the total amount
of ionic liquids, preferably 100% by weight. ABSTRACT Process for gas separation Gas mixtures
containing HF, HCI or I-IBr and other constituents, in particular gas mixtures containing carboxylic
acid fluorides, C(O)F2 or phosphorus pentafluoride and 1ICI and possibly I-IF, can be fractionated by
means of ionic liquids.

ABSTRACT

Process for gas separation

Gas mixtures containing HF, HCI or HBr and other constituents, in particular gas
mixtures containing carboxylic acid fluorides, C(O)F; or phosphorus
pentafluoride and HCI and possibly HF, can be fractionated by means of ionic
liquids.



