Process for gas separation The invention relates to a process for
separating m xtures containing HJd, HF and/or HBr and ot her constituents,
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~ trichloride and chlorine and also hydrogen fluoride. In this reaction, HCl is

15  formed and has to be separated off from the phosphorus pentafluoride.

Carbonyl 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

20  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 50 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.

25 In the process described there, the pressure in the reactor preferably
corresponds to at least ambient pressure, i.e. 1 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

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

w t hout applied pressure. The term "w thout applied pressure" there neans
that no additional pressure in addition to anbient pressure (i.e. about |
bar), the transport pressure of the oxygen gas (or the oxygen-containing
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any chlorine used and any pressure generated by hydrogen chloride gas
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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 componehts 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



t he presence of elenental chlorine, with a maxinumof 0.6 part by weight of
35 elenental chlorine per part by melght of CHCI F2 being present in the
reaction -3- mxture. Preference is given to using from1l to 50 nol % of
chlorine, nore preferably from5 to 20 nol % of el enmental chlorine, per
mol e of CHCLF2. The conversion, yield ang_selectivity are particularly
high in the process described there if the reaction is carried out in the
presence of elenmental chlorine 5 and activating irradiation with |ight
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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 HCI 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.



cl.ose together, separation by distillation is costly. Mxtures containing
HF can, for exanple, 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 photochemcally 35 (US-A
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I qui ds which 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 Brénsted-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.



have a group having Bronsted-acid properties, e.g. a sul phonic 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 al kenes,
al kynes or CO or for catalysis. The US patent application 2002/0189444 (=
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beginning in the process of the present invention. The compounds present as

20 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

25  fluoride or PF;) 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 is particularly suitable for separating off HCI and is described
further in this regard.
The process is suitable, for example, for gas mixtures which contain HCI

30  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 difluoroacetyl fluoride,
trifluoroacetyl fluoride, C,FsC(O)F or CH;C(O)F. It can also be applied to gas

35  mixtures containing HBr and other constituents. It is preferably used for

purifying carbonyl fluoride or carboxylic acid chlorides or carboxylic acid



25 fluoride or PF5) when the gas m xture to be fractionated is passed
through it. The conponents fornmed are nostly volatile and easy to renove
fromthe ionic liquid. The process is particularly suitable for separating
off HO and is described further in this regard. The process is suitable,
for exanple, for gas m xtures which contain HC 30 and carboxylic acid
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20  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)F,,
carboxylic acid fluoride or phosphorus pentafluoride. The invention is explained
further for its preferred application to mixtures containing HCl and C(O)F,.

For the purposes of the present invention, ionic liquids are as defined by

25 Wasserscheid and Keim in Angewandte Chemie 2000,112, 3926-3945. Ionic
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

30  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 invention can

35  have one or more positive or negative charges, with ions having one positive

charge and one negative charge being preferred.



and can be isolated or the gas or gas m xture obtained is enriched in

C(O F2, <carboxylic acid fluoride or phosphorus pentafluoride. The
invention is explained further for its preferred application to m xtures
containing HCl and C(O F2. For the purposes of the present invention,
ionic liquids are as defined by 25 Wassepscheid and Kei min Angewandte
Chem e 2000, 112, 3926-3945. lonic liquids can, for exanple, be used as
solvents. As stated in the docunments cited, ionic liquids are salts which
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the respective Vdach o /lignidon apiang temepeeaturs (alidit §0e) ae partiduletly whi ch has to
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ionic liquid. Iomc uids or mxtures of ionic |iquids
Phosphorus-containing cations, in particular phosphonium cations having

20  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 invention will be
described in more detail for this embodiment.
In principle, it is possible to use all known cations which have at least one
25  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 is possible for identical or different alkyl
substituents to be present on the nitrogen atom. The substituents can also be
30  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

35 hydrogen, linear or branched alkyl groups or aryl groups. The substituents on the



which are liquid at anbient tenperature (about 20C) are particularly
advant ageous. Phosphorus-contai ning cations, in particular phosphoni um
cations having 20 four identical or different alkyl groups, e.g. butyl,
octyl or phenyl radicals, have been nentioned in the abovenentioned
publication by Wasserscheid and Keim Pregerence is given to
nitrogen-containing cations; the invention will be described in nore
detail for this enbodinment. In principle, it is possible to use all known
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atom and have been ntioned’in venent | oned 02/ 074718 on pages 4

to 6. These ar ebyrrolidine. 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.



cations based on the structure of pyridine, pyridazine, pyrimdine,
pyrazine, 15 im dazole, |IH pyrazole, 3H pyrazole, 4H pyrazole,
1-pyrazoline, 2-pyrazoline, 3-pyrazoline, 1-im dazoline, 2-imdazoline,
4-im dazoline, thiazole, oxazole, 1,2,4-triazole (positive charge on the
nitrogen atomin the 2 or 4 position), 1,8-3- triazole (positive charge on
the nitrogen atomin 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
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20 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, 1-undecyl-3-methylimidazolium, 1-dodecyl-3-methyl-

25  imidazolium, 1-benzyl-3-methylimidazolium, 1-butyl-2,3-dimethylimidazolium.
Tonic 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.

30  Strongly coordinating anions such as alkylsulphates or arylsulphates are more
suitable than weakly coordinating anions such as trifluoromethanesulphonate and
in particular hexafluorophosphate or tetrafluoroborate because they often give
good purification results even in a single-stage procedure. Further suitable anions
are halides but in particular the anions of monobasic or polybasic oxo acids or

35  their derivatives such as esters or amides, e.g. sulphonates or sulphonamides.
Further well-suited ionic liquids are those having the following anions:



propyl- or n-butyl. It is also possible to use oligoners and pol yners

contai ning the above- described cations (see, for exanple, M Yoshizawa, W
Qgi hara and H. Chno, Polym Adv. Technol. 13, 589-594, 2002). However,
nononeric cations are 15 preferred for the purposes of the present
invention. Very particularly preferred caigons are im dazoliumcations
which are substituted by one, two or three substituents each having 1-24
carbon atons; here, the substituents may in turn be substituted by, for
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et hyl sul phat e, hate thr oug
n- oct yl sul phat ep osphonates havmg a Cl C12- alkyl group which may, if e51red 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 SO;CF3 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



al kyl phosphat e and di al kyl phosphat e having one or two Cl-Cl2-al kyl

radi cals, e.g. nethyl phosphate, dinethyl phosphate, ethyl phosphate,
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n- but yl phosphate, di-n-butyl phosphate; 10 C 1-C 12-al kyl sul phonat e,
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one or nore hal ogen atons, preferably fluorine, e.g.
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contain only one compound. It is also possible to use mixtures of two, three or
more different ionic liquids. In this wayj, 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

25  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,

30  the gas mixture to be treated can be passed through the ionic liquid; 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.

35 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



desired renoval of HC has been achi eved. Further anions whi ch have been
found to be very useful are the three isoneric tosylate anions (0o 5

t ol uenesul phonate, m tol uenesul phonate and in particul ar

p-t ol uenesul phonate). lonic |iquids having the tosylate anion can be
present in liquid or solid format room{enperature. lonic |iquids having
the tosylate anion can, if desired, be used in the formof mxtures with
other ionic liquids which lower the nelting point (this naturally also
applies to thet&hﬂeﬁ1éQﬂbﬁsthHHQ%u%ﬁk%ﬁnmaﬁﬁﬁn%mmﬂhibR@mRQbP&d%ﬂn“h'Ch i's
hi gher than desired). lonic |iquids which contain an aqjon m xt ur e of
triflate and t SY§IPAESEUEAN prdst (o RpSythe Bpsapiggture prdp gy ionic lguid- 3 ol ar rati o

of from 0.1:1 to H@lelempé’rﬁth&r@hhhkefvﬁsémeafa?ied oithinda witle@aggegPhel conpr oni se
bet ween effect,i venefs of

d.stabilit d
ot 1ol ent 1y | OWTRETETHg adpsfaecctits soiRde huat AP uhes v bR ¥iRe s1ing o
the m xture§ meatgeoAddmpeanse fnge fdnd chrexténds essehtiajlyi fdsn Itlmﬂiepgm_ammm ot her
than triflate gg&? §1¥é ttﬁe lﬁnﬂ%a‘?% @émperggf‘ef gfe?(?%lg?{$%1éd° t%g;ge of ten
ones having a nor e nor e 230, in
particul ar nor eolif Wauml temmp@turalqjéhq ionig ligsidsrrthe Wtutﬁhfef IOIF émmdy is see

Rei chardt, Sol vgiblef Tﬁ&ﬁe%pbfbt&% Qﬁﬂie%@ﬁg\xﬁt&%on%t WHE tH8 mMdie td B9, Xl
(l\/bnographs in l\/bder

pr ocess_of the
i nvention, it |S§P‘H6"§§|‘%IPFEFQP§’H¥J§H h gariee Tany eo‘fgﬁ&t{lﬁ%ﬁwn EHRerafiEe Bfﬂ?’ﬁ one
conpound. 110 ISOﬁleQUWOS%I ﬁﬂo@et10°CL‘l,S@)th)OP(DIR§stﬁ)ﬁ°edtal\nangéﬁ6m&h@r nmor e
different ioni C 51 t1 ntem rgr tmﬁ%d m 1tPo Stemblr(ealtutreO sllgflnl‘llcelnf:e , for
exanple, the s8 g fll%n rpgﬁlu?loes F%? %(3? nl PHe po\ arlpf B the
affinity tomardmsablecorrpound to be separated off or it is pOSSI ble to
i nfluence the viscagigy, pfrcltohf-m%?rétﬁﬂaﬁmhyro%malnqmwcg@ﬁz,nppgtdﬁra@,dbecorres
solid. the latter is exp m Xt ur es i mdazol i um
triflate and 1-@%W%SSGWH9W1F#HHI§ZB1'ihﬁﬁ?stedgﬁlSaff@lenfﬁéf“é’om%@ﬁestféﬂ\kéen t he

gas m xturesto dmdédsedbed @s@éﬂ61’(16tﬂ&ﬁé&cilvawedlrﬁtﬁ@cas@%fb(ﬁrﬁblgéﬁaraimu'[ by

nmet hods cust onar i d oper For e
tore Lo be by’ e&herb% ShuBBS WPiendeivisEmess Bf ra il gan B pRSEe
nozzl es, frits iarthagasimgtoevndescaaabge mixeureomt GE)FaaebHCbirbm theicr eased.

It is possibl ey, on 1?1’1‘:53[‘9x19at1&n f%HgFth 1?%”;&)§§Blef§ %IJ%BQQBEE Galtpgn- I
desired, the i onlC Ie ui d al i support, e.g.
a ceranic natermalerlal(ﬁlso tiom@mr@s@ntatTé@conﬁtlaleptﬂo;mgasmmglr@wbtshlarﬁamt is less

pr ef elr red. 235 TRERIEA Y BnikauiPé bM sePirfied off i@ cugbSary Why, €3 byf or
exanpl e,

be fr Fﬂ actional 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. 10” mbar, as successful



ambi ent pressure up to 10 bar (absolute) or even higher. In process

engi neering -12- terns, it is sinplest to carry out the contacting at

anbi ent pressure or a slight overpressure in order to press the gas

m xture into the ionic liquid. The tenperature can |ikew se be varied
within a wide range. The tenperature is ldvantageously selected so that
the viscosity is in the desired 5 range. A tenperature range whi ch extends
essentially fromthe deconposition tenperature to the solidification

t enperat ure, peepeinadntyhdve ghowR(0zsdeptivntorchil @erysqiidkdly {d.€ atittom flogNMp &y At ur e,

of the ionic liquid or e mxture of Lonig.dAquids is S . The

t enper at ure of Ih? %réjj?vg i iaE: pelnllpc? lrﬁ%are% At %ro%;l%%tlﬁ(\)/viq %mf"hé) Wﬁ?f%j)}égq’ogﬂ E‘?—J

separat ed i s prceiteasgitheremovalhe thasgbed canstituepts sodestiibetat ERyA t 89p &0t ur e of
the 10 ionic Iir%{g,iilgshgmgl aﬁ?%bbt@ih%nggvbovpf&%ﬁgcﬁoués stated, a range fromthe

solidification nperature > deconpositron téenperature is in principle
possi bl e. 1deal |y, e cgse efdeserprian By ghanging thpprassiie.dt isicsiticd thatdhe( O) F2,

PF5 or acid fldeeirpfith B288RE olh& d RBiserd WhHieh & 1oWRr 1HAR 15asi8sshfe ¢h suf fi ci ent
purity, the gaﬁes.cagfetge 15. condegsed anci.uﬁl?(ﬁsed onto the respective use.
In the case of 'GHRe Sha At PBNTSABE tmionicrligudarr cRRALEd At URERQITARRPERTIC

| i kewi se pass tphasure)d.g. dt St thbs.apr hergigsaibbequent deberpgas can bd ¢ffeetedlan t he
case of gas m xt . ) fromithe hot ochemi cal . pxi dati on of
GO F, Poie poltednich o6 A0AuTabe'd ARbiNHRUR PERT SR 185 0%he
present. Theé cdakst)i Dasmptéorodantnaturgibsalad ke cargedhiiicht salyatmpspthefi@ presswened i n

the ionic |iquigdCGaReRRdSQBAkAL B e:fa,turubgorﬁaé&qrs@fexommﬁg%gfg%@mci oni

fractional dist)jllation or condensation, before passage t

liquid. As anl@Uidkrnative, they can be left in the gas nmixture to be

treated and be sepakahestioh furtlet provided hagturd¥ dfhordiDEqiid®ténthinfidithe An
on or .a condensati on

le i f t | d i whi.ch b
FolTowed. i 1 ddanpednd tosy Bl igR Pitertniie St RONHIGE In WeiF Bt rRaYratio
constitueni$s r etfahaiedicilimuidseontming thedosythte amob e thesomeraaing tloentriflates

e el Ty oLl on of (i ng.
oy cal Ty ' S iSEoRI 90108 PO LAA B0 P RSV IR 1 19
conbi nati on of Migeylase, Paife@blyuCtpspiaiesi cal measures, e.g. increasing the

tenperature and 30 mpRiuYdreefereHECH Wiven tH it RBATAbMO 1i8fidl MosaRsibhs ent s of
t he gas m xtur | i.qui d romtot}el ni¢c liquid

' I
si mul t aneousl yeqié'grtgﬁ{a(?rg}gggraghéigggiﬁ% éu?d belong to the class of imidazolium,

20 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").

25 In the mixtures of the invention, 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% by

30 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 invention relates to a new separation problem which
was not known in the prior art. It differs from known processes in that inorganic

35  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



l'iquid which is then available for .renewed use. The desorption tenperature
is preferably not higher than 100C, but can go up to below the
deconposition tenperature of the ionic liquid. In the case of application
of a vacuum 1 nbar is 35 a limt which is often preferred for technica
reasons. However, there are no objectionsggto working at a | ower pressure,
e.g. 10-3 nbar, as successful -13- experinents have shown. Desorption
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("BMM). 25 | m xtures of the invention, the proportion of ionic
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be separated rom one another. For other examples, mixtures originating from

20  photooxidation experiments and containing not only the constituents C(O)F, and
HCI 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

25  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 ionic liquid.

30 In the experiments, tosylate is always p-tosylate.

Example 1: Separation of HCI from a mixture with C(O)F,
1.1. Use of 1-ethyl-3-methylimidazolium ethylsulphate at room temperature
A C(O)F,/HCI gas mixture was prepared by photooxidation of CHF,Cl

using the process of the abovementioned as yet unpublished European patent
35  application 04 00 5421.5. A crude gas mixture having the composition 45% of
C(O)F,, 34% of HCI, 6% of O, and further reaction components (starting



| i qui ds havi ng other anions, e,g. the ethyl sul phate anion. The proportion
of ionic Iliquids having the triflate and tosylate anions is preferably at
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composition was detected downstream of the wash bottle by means of gas
20 chromatography: 55% of C(O)F,, 12% of HCI, 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 17 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.



m-xtures can be effected by distillation - the further conponents are
separated off 25 in this way. As an alternative, a purification, e.g. with
distillation of the reaction mxture containing further conponents, can
first be carried out in order to separate off the reaction conponents

bef orehand; the resulting gas m xture thepy.contains only carbonyl fluoride
and HCO which are then separated by neans of the ionic liquid. 30 In the
experinments, tosylate is always p-tosylate. Exanple 1: Separation of HG

froma mxture witly Gh@hkid bées%abhkﬁe%i \Qﬁetﬂler‘%ﬁ@%hléldﬁ?& Ryohipidagol i um
et hyl phate at room tenp rature tA i“d@ gas mxture waa 6{qepared by
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unpubl i shed Euraa@epd}s@gtg@mm&ﬁ appl ication 04 00 5421.5. A crude gas
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The experi nent proce ure was as descri bed un crude gas

m xture having } I A ofimpptni fluangmegranggulphonate, (JEMIM ang 149
of further 166&Cﬁﬂﬂ@f&"pﬂl’f8&ﬂ@é}{1§er§ﬁpe passed at a feed rate of 0.8 nol/h

t hrough a wash bott|e contal nin 2 nmol) of. ace di ately
after conmmencenent ©0f%% ﬁ’é"&?@&ﬁ'g?ﬂ ‘?nc%ﬁ&allne%’?b%’tﬁ'@eég h%t(?ﬂ’fj'ggﬁ"ﬂn%e

det ect ed downst @H@lﬁzm‘ndtcbetamd 0%t ft C@©)by 38terfd Of angdsrther 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 HCI 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 N5 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 HCIl, 44% of

further reaction components.



20 chromat ography: 55% of C(O F2, 12% of HCO , 15% of 02 and 18% of further
reacti on conponents. 1.3. Reconditioning of the ionic |iquid Since one
property of ionic liquids or m xtures of ionic liquids is an inperceptible
vapour pressure, a vacuum of 10 nbar or less can be applied to the 25

| aden liquid to recondition it. The HO -diden ionic liquid from Exanpl e |
.1. was nmaintained at a reduced pressure of 10 nbar for 1 hour. Gentle
heating, e.g. to 40C, while stirring accelerated the renmoval of the gas
froman ionic liquse of\blhﬁhtutéoﬂ 1i- awymmeﬂmmmiuaic@nmmﬂrrmuhﬁethﬁ\ea@mmﬂaw was
continued until 30, 1onic |1 quid.
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introduction, the follown I on was stream of
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at room temperature for 15 minutes. During this time, the ionic liquid became

laden with HCI. A desorption was then carried out by applving 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
0.1N 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, balance to 100% PFs) was passed
through 100 g of the 0.1N NaOH solution. lon 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 (TFFAF) 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



conponents was used. It was passed .at a flow rate of 0.8 nol/h under
slightly elevated pressure through a wash bottle (again flushed with N2)
containing 100 g 20 (0.38 nol) of EMMtriflate (nade largely water-free by
application of a vacuum at about 50C). After comrencenent of the
experinment, the follow ng gas conpositi-ag was detected downstream of the
wash bottl e by neans of gas chromatography: 53% of C(OF2, 5% of HO, 42%
of further reaction conponents. 25 The HCI content can be reduced further
by further contagpbsiGombf the EM Mixthreivetoré 9ass§g66thrd-d§gﬁ 1 iohreidid was

- 3-net hyl i m dazol | um tol uenesul phona o

reaction m xt uég HEB’&E%H gisg'“ Wﬁ@ograﬂ*i’ééé Mﬁé‘%s%&?l‘?g%%p?{ Qgﬂg‘tb@) 30
means of N2 andﬂ"amekematthergasaﬁnxxamuwmdemctdde]uabtratmelybglwbsbmatnoheﬂ@;chpdassed
through 100 ¢ . ncenment of the
experinment, th(gg%tg%ls w}gPassogef CdXEsIagélﬂr&E b Otndgh(ilgltinend3 downst ream of the
wash bottl® by neaerfser@assg%thmgbmr@grcdm}d tleva%l@wuqc@msn@%oéfhmo 44%

of further %]‘5 hRXuFONRANE HnSned by /gas hrbmddsiastf @6‘176'dft"[‘¥f15ﬂ3 9% of HCJ,
1- et hyl - 3- met hyl | azoliumtrifl tglor onet hanesul p

te
1- et hyl - 3- net hyil% o6 H2A61 Apahviid Pl ﬁéaéjﬁpb‘i’fbﬁhﬂ‘é‘daf?r dEM‘WIr}?‘r“}df‘POéP@lyand EM M
tosylate were uﬁ@dllbﬂdeaarfm{s&f) be @k ptedibul albo AndridemyjonRThesedss wabmeed as

descri bed above, i a .cr.ude ga xture.5 caontai % of C(O) F2,
S0 0f Hal and e phedhs B SRpER e e SRR LILE A on o
CHCl F2 was 10sedigiifienfly bigheathen warsbooltainady fone>@nleybly /hydrodysis ofhid- Albbal
anount of i oni %Jckﬂb‘l’rﬁoﬁéﬁ?eﬂﬂgeﬂmwgﬁci\ﬁ& commencenent of the experinent,

the foll owi ng gas conposition was ected downstream of the wash bottle
by means of gas chribwas 8lse Epmg thasw, g nixor¢izavingdhsyiopjgliquisng loneero f urt her
reaction conpongied gldshsirfiices.experiment, too, the HO content can be
reduced further by renewed contacting wnth the m xture of the ionic

| i qui ds. 25 conparison, the starting m xture (44% of HCl, balance to 100%
PF5) was passed through 100 g of the 0.1N NaOH solution. lon

chromat ography indicated a ratio of chloride to fluoride of 60:40. This
conpari son denonstrates that HCl is highly



preferentially absorbed by the ionic liquid conpared to PF5. Conplete
desorption can be concluded fromthe nmass bal ance of the ionic 30 liquid
before and after desorption. Exanple 3: Separation of hydrogen fluoride
(HF) and hydrogen chloride (HCl) fromtrifluoracetyl fluoride (TFAF) by
means of EM M trifl uoronet hane- sul phonatg Trifl uoroacetyl chloride (TFAC)
was stirred with hydrogen fluoride (HF) 35 overnight in an autoclave at
50C. The resulting m xture of TFAF and HClI and al so unreacted TFAC and

| -1 F was passed through 100 g of EM Mg LiAI&ts. The -18- conposition of the
gas m xture before passage through the 1onic liquid was determ ned by gas
chromat ogr aphy (56% of TFAF, 34%of HCl, 7% of TFAC). HF present in the
gas m xture was dete i | Q rivation of etched .surfaces
of gl aes hef or o padeaseoryprishAHREFICh Y PRI sy el 08U Sloh
the ionic |iquiti;l, HieorftdBi angi ang oc orppe sihei gaseods dometitugras, whexdin thesevgas
determ ned by gagnkly QERLAGEEPRNH ﬁ??ﬁ 9{?5{ IF cljcgu;’](gssqphiti?korb HA 4@ or TFAC.

Anal ysis of the_ laden_1onic |1 qul g e i ound not only the

chl ori de an? ond1Bipnst leastrnetad ghayethergogstituents of dhe canmbryre triggifferingns wer e
not present imkgﬂg,unladen ionic liquid; furthernore, the fluoride val ue
found is 10 significantly higher than can be obtained, for exanple, by
hydr ol ysi s of TFAF traces of i,stu i.n the ion.c Liquid. It was al so
found Thar he gas mcEraERia g R} Sniitoti CBORS whisfs ettt 1S G acs
surfaces. -19- HECWirdB niixtiPesomassnihg C(O@hamd tHOlgwhiGiein thEseanixiBes 4freom gas

m xt ures cont aini : F . . n 0 .

const1 fuents, \haraied S ordordbort i ihal it S CPEARHY PR EPMIrering
ionic |iquilBs WeBENSsorb HCI, HF or 5 HBr or at |east one of the other
constituents of the gas mxture to a differing degree. 2. Process

according to O ai m3l Pr&Jesd :&Qb@mﬂ&m i) FZovibolstingd BF Aeitieisettpiefed IHEICT rom
m xtures cont alfnl ngHCéJO% F2 ?nd %\ﬂ: v(\@gtgl t hese m xtures are &%_nt act ed
with one or nor'EMIHFYTS QUYL QAT CH! EENCIHBRIETES A5 MK ng

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
15 which is depleted in HC] from mixtures containing carboxylic acid fluoride and
HCIl, wherein these mixtures are contacted with one or more ionic liquids which
sorb carboxylic acid fluoride and HCl to differing degrees, with the mixture

being able to contain HF which is likewise separated off.

5. Process according to Claim 1, characterized in that the carboxylic acid
20 fluoride is CH3C(O)F, CHF,C(O)F, CF3C(O)F or C,FsC(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 HCl or HF more strongly than carboxylic acid fluoride,

25 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 Er+(30) value of more than 20 and is capable of
30 coordination is used.



10 degrees. 3. Process according to Caim1 for isolating PF5 which is
depleted in HCI from m xtures containing PF5 and HClI, wherein these
m xtures are contacted wth one or nore ionic |iquids which sorb PF5 and
HCl to differing degrees. 4. Process according to Claim1l for isolating
carboxylic acid fluoride 15 which is deplgged in HCO from m xtures
contai ning carboxylic acid fluoride and HCI, wherein these m xtures are
contacted with one or nore ionic liquids which sorb carboxylic acid
fluoride and HO t @ @gidcb&rdcberdHRas €8sim Wichhratiefizdd iktthit@he HROMNEGF BB O
contai n HF whi gh Ls. |i kprse se&)gr at e% off. 5. Pr oc%ss gcbcor daié‘ljcg to Cdaim
1, charact eri zefliHSEATHPIPRECCHPHERIMICE 0581 85CTANN USRUEFE C(OF,
CHF2C(O F, CF3C(OF or C2F5C(OF. 6. Process according to any of Clains 2
to 5, characterized0i Rrachatacomdingto Chamed, icbaractetizagiuin disat wiei aphorsisrab
car boxylic aci ' r : rl strongly
than HCl or HFdrgéljédéﬁ{ (lasgl?p(;ra %a@{:ﬁg{b ngﬁg%ﬁm%;%lqﬁ?%&&ﬁf?@ﬁhggp%{(grh sorb
HCl or HF nbre Bhosphnghle anipanwberelaxslkyle ard prestergseupganay2 8 desigydrbe or
phosphor us p_ent@i)gt;tefeu%? lalfr%(ﬁéﬁﬁl%?é’tpéwm'd,sﬁgfergqu RugeRssomscording to daim
1, characterized in that an ionic lNquid containing nitrogen in the cation
is used. 8. Process, according to Claim1l cgaracteri.z d i,n that. an ionic
|Tquid which has oH- SFess aprrdmedaliaim BreROlsaddn Bt H RIS 20 and i s
capabl e of 30 cmonaCialiZalkylsulplsael.pref2fiblPa CPrOGemaodkdeulghaigation.Cl ai m 1,
characterized in that the anion of the ionic liquid is a sul phonate,
sul phonam de or an | \ id, : cordi ng
to Claimé6, char act_gzﬁ?)ggecags:yﬁgé}ﬁg{g tt8 g&gﬁﬁgﬁh%@@&%%ﬁ% k‘%{‘gﬁ‘?gﬁé‘{ﬁg ani on,
nonoar yl sull@hat e@niginsthe apign pdosilate mdophyeshwseasrand/opifigitonat e ani on,
where the al kyl, aryl or ester groups may, if desired, be substituted by I
or nore hal ogen at ofms Prvesf fKeadding tblCI8H NB cBh@b®rizédlin 1t dGeisticak@el diang to
Claim 10, characteri éllc;;d f’§n t hat thle ag%r@n.i s.,a_nono-C .1-Ch
12- al kyl sul phat @*PFEeY 81 SRV "B UER NS ﬁ?ﬁlpétﬁfﬂﬁS?B“’an‘i 6R:10SM¥C process
accordi ng to C aiion 4@/orchamawsdatiezatbni or atrhixturt b&onomi moreiionic tiqids cont ai ns
t he anion p-tos 3 . - tC / Ll . rocess
according to C g%@]ﬁ%e%%él&% lté‘?f]’ztga%ﬁﬁ%{lﬁgg m?)ﬁgr ?%nrflé&ﬁfylk%%?ﬂo%gn%ﬁ

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

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 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, 1-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.



mxture of at least two ionic liquids having the p-tosylate anion, the
o-tosylate anion and/or the mtosylate anion or a m xture of one or nore
ionic liquids having the p-tosylate anion, the o-tosylate anion or the
mtosylate anion and at 15 | east one further ionic liquid having another
anion, preferably the triflate anion. 14] Process according to Caim?7,
characterized in that the cation belongs to the class of imdazolium

i m dazolinium pyrazolium oxatriazolium thiatriazolium pyridinium
pyradi zi ni um pyri rmomﬂté&ana@dmlag&@wwﬂnu%h&mwadﬁ tha? the iRixtUE @CBS S
according to Claim 14, characterized in t gthg ggl EI on.is a& i m dazol i um
cation which i &€aGHRAsHRdeAreisrAbNAD 225781 ”Ph dbstoniiNS each  havi ng
1-24 carbon atons, where the substituents nmay in turn be substituted, for
exanpl e by aryl grd@pRrosesshcasdippenlaimld, cirragesedac dat terignit tiqiidas m 15,

characterized . s 1,3- 25 dinethylimdazolium
1- et hyl - 3- net hyfesgﬁgéi%ﬁ%bﬁ%%?&ﬂ opyl - 3- nethylim dazolium or

1-n-butyl -3-nethylimdazolium 17. Process according to C aim 16,
characteriz®d in t RAt Processiageardingde Rlaim i, haragtetizadrin shah fhesaonisisting of

1-ethyl - 3- net h)ﬂhé %Qﬂkﬁnd 548 hesk@kSio ter s@bm{ed% canri&i Jsmlat maﬁ;ze%tmerih
triflate or xture eof ere g l0 sg St
mtosyl ate or ‘?B‘é‘ﬁ? QPE‘ tﬂgpgr @Eﬁjétﬂrﬁﬁs'ﬂyt‘) i&‘?P‘a Q Rar(abs} as | on| C

liquid. -21 18. Process according to Claima1, charact erized in that the
mxture to be tre&leHrocssspasadig to%imahhmabmrimgamhm tﬁeowamstimlhmtsugh t he

onic 1T qui d. 19 4 96858, RGG MU Dcdthd ifiofct ¥ BhlcARdid e e
g ?8 a COI’

ionic liquid is pre rocess
Claimi1, chér adoeaqlaz@ﬂleusnrheﬁapnstmen@&ant actl ng of the ionic Iiqui d and the
m xture to be separated is carried out at a tenperature in the range from

10 to 80C and a pre&SPF&eﬁfacfzdr@mghb@léigl @larchéxﬁél&)lzed% thd?'t}{bc&%rpﬁ@ﬁw ding to
Claim1, charact t he constituen sorb nr(1iit e ionic liquid

are Gesorbod | TBEEEY B UREe PRI BHEE v G e A RSS! at e t he
sor bed constit uaat gas thdbugkriacieat lagédr ding to G aim 21, characterized in
that the desorption is effected by reducing the pressure, increasing the

tenperature and/or PAapRiat ABordidpab'CISAS2 [ RLALRRZNG th@MhiulrtOWhidh

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(I1I) chiorides or phosphorus(V) chlorides and HF and also, if
appropriate, Cl, or F,, 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 or the fluorination
of carboxylic acid chlorides by means of HF, where the carboxylic acid fluoride
is preferably CH3C(O)F, CHF,C(O)F, CF;C(O)F or C,FsC(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



23. Process according to Claim2, characterized in that nmixtures which 15
originate fromthe photochem cal oxidation of CHC F2 for the purpose of
preparing C(O F2 or fromfluorination reactions of phosphorus-chlorine
conmpounds with HF, in particular fromthe preparation of PF5 from
phosphorus(111) chlorides or phosphorus(M2 chlorides and 14F and also, if
appropriate, Cl2 or F2, or from processes for preparing carboxylic acid
fluorides 20 which are gaseous at 25C and | bar (abs.), in particular for
processes whi ¢hmjde08Rih SithidIeliRhat, peReskGRl oxaxidalihmnhitrigblianof | uor al kanes
or the fluorinati.qn. of carhoxylic .aci.d. chl orides by neans of HF, where the
carboxyl i c aci (ny‘ﬁﬁ’b‘fq"d@'ra Ign fpéFl%ﬁhﬁ)“@—%'&@jrﬁz,m‘@\éﬁ:%@@uﬁ, S*CF3C(O F or
C2F5C(O F, are treated. 24. Process according to Caiml1, characterized in
that it is carried28uMixt@feshatarting seCrim@7etleraditnzed omthahhewsligns d3he

M xt e o i qu . . ; : te ion.
%6, M xtures adgis ol i bl SRR R8nidal WERE BRI Ak © 1 0"
| i qui ds havPng bhrdimekylimidazaimimed -ethd-3-methyhinfidagobumn] - oreRYSE3f rom 3: 7 to

7:3. 27. M Xt urfshAsaRIagdbINgn b Chalul1ZRnethyifhid&BREACt eri zed in that the
cations 30 of the ionic liquids are diffefrent or preferably identical and

belong to the class of..-22- imdazolium jm dazoliniu razoliu
oxatriazolium thidr Mi‘&ﬁ%ﬁ?or 199 gl!lj"m"uﬂrﬁr’ndﬂ)a)f?‘ﬁ‘éﬁl fiﬁ{‘rh}ﬁ%}?ﬁr?l?ﬂrﬂ{’gw?%m and
pyrazi ni um conphe tuthsc li@Bds IMviiguhe friftate adliosgate@nidnaisat 2¢ast tilabaotadghtzed i n
that the cation 0N 1 QU] i o referably

i dentical and a&etgésg)lug%Plggg?drfg%hgﬁg{ﬁgg’éﬂéé?ﬁh{ L@t’ﬁ% i“%‘lﬁ%-g'zol ium 1-ethyl
-3-net hyli m dazolium 1--propyl-3- methylimdazolium and

1-n-butyl -3-net hyl i m dazolium 29. M xtures according to C aim 25,
characterized in that the proportion of the ionic Iiquids having the
triflate and tosylate anions is at |east 75% by weight of the total anount
of ionic liquids, preferably 100% by wei ght.



