-1- Process for gas separation The invention relates to a process for
separating mxtures containing HCl, HF and/or HBr and other constituents,
in particular mxtures which contain C(O FZ phosphorus pentafluoride or
particular acid fluorides and HCl and possibly HF. 5 Gaseous organic acid
fluorides such as CF3C(OQF or CHFZ(OF are starting materials for

fl uori ne-contai ni ng organi c conpounds, feoi-exanple for fluorovinyl ethers
which are in turn conononers for resins or elastoners. CF,C(OF has been
proposed as a pesticide. Acid fluorides can, as a result of the nethod of
preparation, contain HCl or HBr, Eooes f admaftige 10 Phosphorus
pentafluoride is an internmediate in the preparation of electrolyte salts
for lithiumion batteries. It can, for exanple, be reacted with [lithium
fluoride to formlithium hexafluorophosphate. The phosphorus pentafluoride
can be prepared from phosphorus pentachloride or phosphorus trichloride
and chlorine and al so hydrogen fluoride. In this reaction, HCl is 15 forned
and has to be sepalBg &yensian ielagamte hérq@h@sfphsﬂp@@tlpgmlawambmdﬂungﬁmonyI
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pentaﬂuonde can be prepared from phosphorus pentachloride or phosphorus

- trichloride and chlorine and also hydrogen fluoride. In this reaction, HCI 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 3

- 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 1
bar), the transport pressure of the oxygen gas (or the oxygen-containing
gas since, for 5 exanple, air or oxygen/inert gas m xtures can be used) and
any chlorine used and any pressure generated by hydrogen chloride gas
formed in the reaction is applied to the reaction m xture. The total
pressure in the reactor is then advantageously |ess than 2 bar absol ute,
dependi ng on the tA4aspeess deserthed there swery patsilsdppreferablpanriathond ut e, but
greater than arfignt i ) R - i tchw se
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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 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 maxirﬁum of 0.6 part by weight of
35  elemental chlorine per part by weight of CHCIF, being present in the reaction




35 elenental chlorine per part by weight of CHCIF2 being present in the
reaction -3- mxture. Preference is given to using from1 to 50 nol % of
chlorine, nore preferably from5 to 20 nol % of el enmental chlorine, per

nol e of CHCIF2. The conversion, yield and selectivity are particularly high
in the process described there if the reaction is carried out in the
presence of elenental chlorine 5 and actiwvating irradiation with |ight

havi ng a wavel ength X > 280 nmu is enpl oyed. Frequencies having a wavel ength
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particul ar from {£8,oreon THdiafiopgBarasticate glassesa fs gxampleyated in the
formof air. Tagicublygseful for ﬂ[lef)mrpakﬂ Bultalsle gladsek benthiar forekadpleBbinert gas
m xture, but i b gr al"h roduct
T e DUl 1 TaoR30k bl 9% R S05 R D FRUNLS, il
reaction {for @Qé%P%N#z@st Ktz(ﬂand 8150 ffiom) 0 td 5% alkative edrttemetabaxitiestis can be
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pressure disti ' 48X However , - owi ng to the fact that the boili ng poi nt
of C(O) F2 and HCI The momlrmmgeﬁaﬁ ,mét@ﬁﬂrtébk%bn% %@tu&tﬁlflfa' Wie! S
costly. Mxtures COB{[aInInt can fgor exanp e the'result o
fluorination rangeintheproces descnbe 1h the abovementloned uropean 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 aspure 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 distiliation. _
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 flucrination
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 HCL



reaction with hydrogen fluoride. Thus, carboxylic acid fluorides can be
prepared by reaction of carboxylic acid chlorides and HF or

phot ochem cally 35 (US-A 6489510). These m xtures usually al so contain HC .
-4- |In addition to the above-descri bed probl ens of separating HCUcar boxylic
acid fluoride, HF/ carboxylic acid fluoride, HF/ HCUcarboxylic acid fluoride,
HCUPFS or HCUC(O FZ, it can generally be4esirable to separate HF, HCl or
HBr off from gas mixtures containing HF, HC or HBr together with other 5
constituents or fractionate these gas m xtures so as to give gas m xtures

or pure gases whi éhadgditéonfepheabsnedasceibed probleors dfiBepacatingrHCcarbatydid i n the
ot her comoonerabxdqruoﬁamm&ma&yhlQ@id%ifoﬁﬁsc“flﬁ«“/g@/%!&% %HR' dc&gﬁ a@ileEP-A 1394
HE ‘an P& aci

109 descri bes ﬁ{ aratin FSm aci d
fluorides. As deaci'daPf ép g(gﬁiﬁ a“agenﬁléuﬁé? desvablsrte seraratoHFoURd onlliBch has a

boi | i ng poi nt oﬁmgmaku&e@@mﬁuh@ﬂmﬂmwemr@@geﬂﬁi%@m or heteroatons
S recomrersded escri t| on of the patent application

i
ment i oned, 1 he Net: glreg%ro%% lo@a&}h?fs&ﬁ%mvgﬁ'f‘? 5Ra%(Q GAYR 8RS MIXIFHY MEYe an
appr eci abl e vaptgs whichssadaplatedsin i, HCleniBradrareanriohédin thO6@kr such as

i m dazol e or - pwdlﬁgdgﬁt&rco%o opriate ion 15 exchange resin having am no
groups such as py r|d|ne or azole gro npl es of such polyners are

pol yvi nyl (4- pyri di FeE ‘gﬁﬂeaﬂdﬁaﬁﬂ @Rﬂh(:@qwﬂ?ﬂl hé?‘fL 109 dmmn:belmaqmmtss fore not
used. The i nt esepaiating HIF RdksRllar 285k ﬁﬁﬁid&d‘ﬂm&g/ﬁs Eé&d?fgﬁlg ﬁt{ gses ionic

| i qui ds S ctive additives far e separation o I'ng or
- azeot r opi ?ﬁm il{;ﬁ?rggroma BCOI‘H’] vish ﬁﬂsé’sboéll‘f& poigfinfgtleast Sednaadbay gases,
i .e. the separmtrogen dshetrdatam bdhéttx@ﬂﬂoﬁsﬁ@th%bﬁhiﬂeﬁﬂed @é indixdeed fASthk0 be
separated, ne Les 0 ani nes
t et r ahydr of ur arﬁné &ibgiro%ogﬁ%}a%m é?rf’é‘(%ﬁ grnSmelg&o&\ﬁﬁ,ttE% hgyﬁr@ﬂﬂ“éﬁ“@@mpﬁe%‘i ic acid,
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gases, e.g. for sSgAFaEeHgt B or 30transferr|ngcozor , for
separating of f al Kéndasemafidnphpaemagplictioh 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, 1.e. the separation is a liquid-
liguid 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, ¢.g. a sulphonic acid group. Such
jonic liquids can be used for separating off gases, e.g. for separating off or
30  transferring CO, or COS, for separating off alkenes, alkynes orCO or for
catalysis. ‘
The US patent application 2002/0189444 (= US patent 65 79343) 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.



catal ysis. The US patent application 2002/0189444 (= US patent 6579343)

di scl oses a process for purifying gases by neans of ionic |iquids. For
exanpl e, water, C02, oxygen and the |like can be separated off from gas

m xtures. In this way, natural 35 gas, air or oxygen can be purified. -5-
It is therefore an object of the present invention to provide a process
which is sinple to carry out and by neans5ef which HF, HCl or HBr can be
separated off fromgas mxtures so as to give a gas m xture which is
depleted in HF, HC or HBr or is enriched in the other conponent or
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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. triflucroacetyl fluoride,
trifluoroacetyl fluoride, PF;, 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 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 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 gascous 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



The process is suitable, for exanple, for gas m xtures which contain HCl
30 and carboxylic acid chlorides which are gaseous under standard
"conditions, e.g. trifluoroacetyl chloride (TFAC) or difl uoroacetyl
chloride (DFAC). It can also be enployed for separating HCl from
carboxylic acid fluorides which are gaseous under standard conditions, in
particul ar fromdifluoroacetyl fluoride-&rifl uoroacetyl fluoride,
C2F5C(O F or CH3C(OF. It can also be applied to gas 35 m xtures
containing HBr and other constituents. It is preferably used for purifying
carbonyl f I uor fyeridss haging geimpee thay Ycarhomatpaie JII BIF is grasontythiscis likerwise 6-

fluori des havi egatiéd ¢F0re than 2 carbon atons. If HF is present, this is

| i kewi se separate ff. Wile nman .ocesses .according to the prior art
provi de a separati Wg@myipameascag%%%{ostﬁgpnm@ﬁg@g apgpaation ¢f t he
process of t heliguidsemponenssntcondenséd guses, o tha peocess ditkeprebant fivasdidonat i ng a
gas m xture; whj LS. G L Q formw.th.the ioni.c |iquids, i.
it is not gjr ouéﬁ'&%ﬁ%ﬁ?@gﬁfgﬁ?*ﬁn@ﬁg%&n@é}ﬁ% V\fuggéstcém\tﬂc? 'R E&CPBhI ¢
liqui d. The abf¥@idH: theienic hawids,d-gl iais nobprevghtdfitotcoetct ingheemdahsetiur es

contai ni ng  C( &hEwvitnNHe tdalo liddi@at i Ng gas m xtures contai ning carboxylic
acid fluoride and .,10 HF and/or HCI, or treating gas m xtures containing

phosphor us pent af | H5rabagemeniioped pardculanpbicrs of Higating gan masteres cottaining

inven]E : on fgr C@Fﬁﬁddﬁcg(tllaiﬁigdga_@&lﬁb@a%cbﬁtair@ﬁé @hrﬁdﬂj@i&?@ﬂ fﬁIoriH@QﬁcPhoLuz _
&0 r2. - odVnot ride RGP BPERG ebdpriowBs ponpine rhosminis poriaguoridepnd
prefer Ir ed p Ei o%’_'é;i;fﬁldw'gdd&' the procesé ﬂrdinfegmieﬁ f(pxdsc?ileting)@((aﬁ;,eﬁrbbﬁym th an -
ionic |iqui G .aci r.i or.. Rhosphor us
pent af | uori de CHERCE, EP%\S @éﬂpﬁ@ﬁio %ﬁ_a l_‘\%“fggje%ﬁ#égﬁn' %r&-;(ggoriﬁ:h HCl or
HBr. At hougr?ngtﬂaqlélr sa%@esmecﬂg)%aaémyh@amé flnprjde eisphalsplimusl | ow HCl, HF

O B 10 paseuos R hiifeiehiPhrob G oS R Shele bbb dnliiBgcase

LSRG G PR T IR L L
and/ or HBr pagpstsflodritieitonidifférimpidegreeas that afth behiétsRbabs B HAIRe FORS Or gas
hosphor us. pentapl@yE R RSBl oRabbiE Hap® sbaloie el dm meliBr i 1
preferred appPrwanilserbtthe othet eomstituentstitismiswdlyHit caso dh4bHUIFRAT oroiBrtibe
LBz o B BRSO BB AR ) 2
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 HCI 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. lonic
liquids can, for example, be used as solvents. As stated in the documents cited,
ionic fiquids 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.
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the invention wll,be - . . . . .
Phosphorus-centaining 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 radicaIs,'for example the pheny! 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
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- 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, C53-
25 Cl2-cycloalkyl or 2 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-
cycloalkylcarbony_l 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.
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Particular preference is given to 1,3-dimethylimidazolium, 1-ethyl-3-
20 methylimidazolium, 1-propyl-3-methylimidazolium, 1-butyl-3-
methylimidazolium, 1-pentyl-3-methylimidazolium, 1-bexyl-3-
methylimidazolium, 1-heptyl-3-methylimidazolium, 1-octyl-3-
methylimidazolium, 1-nony}-3-methylimidazolium, 1-decyl-3-
 methylimidazolium, 1-undecyl-3 —methylimidazoiium, 1-dodecyl-3-methyl-
25  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.
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:
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by - 20  substituted by one or more halogen atoms, preferably fluorine atoms; imides of
bis(C1-Cl2-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.
-SO3CF; and in particular PFs and BF, 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;CF; 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



one or nore hal ogen atons, preferably fluorine, and is bound directly to
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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 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
25  temperature at which the mixture becomes solid. the latter is exploited in
mixtures of 1-ethyl-3-methylimidazolium triflate and 1-cthyl-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



point, in the range fromO to 60C. Consisting of the m xtures nenti oned
means 15 that no ionic |liquids having anions other than triflate and
tosylate are present. Preferred ionic |liquids are often ones having a
E1(30) value of nore than 20, preferably nore than 30, in particular nore
than 40. This value is a nmeasure of the polarity, see Reichardt, Solvent
Effects in Organic Chemistry, Winheim-V&H, 1979, Xl (Mnographs in Mdern
Chenmistry; 3) page 241. 20 In the process of the invention, it is possible
to use ionic liquids which contain only one conmpound. It is also possible
to use m xtur e¥r®s it Woimplastéecasty ourtireecotiaktieg arumbientipressurgor dslightn t hi s

way, it is posgi tion properties,
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anbi ent press%[gstﬁ@ to 10 bar (absolute) or even higher n process
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anbi ent pressure ddeadiysHCghltHFmtqmedsBuiteaonm lm;untbanct@((})Fg@!Fsbhemgas
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within a wde range tenperature 1 s advant ageo that
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t enperature, ﬁﬁeralefr?mloocq.wm to the solid tlontenperature

of the ionic I"i' fhihg cazeet gps marpees of GEPHs and HJdiom fiee.  The
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retamed in the mmc 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. 10™ mbar, as successful



solidification tenperature to the deconposition tenperature is in principle
possible. Ideally, HC or HF is retained in the ionic liquid and C(O F2,
PF5 or acid fluoride passes the ionic liquid. In the case of a sufficient
purity, the gases can be 15 condensed and passed onto the respective use.
In the case of sone separation problens, further constituents which

| i kewi se pass the ionic |liquid can be pré3ent in the gas mxture. In the
case of gas mxtures of C(OF2 and HC fromthe photochem cal oxidation of
CHCIF2, it is possible for, for exanple, starting naterial also to be
present. The c@ﬂ@ﬁh&u@dﬁsedb“thegnpﬁmno@mumwemhmﬁﬂdﬁoﬁgnﬁﬂuﬂﬁnhEI&imed in
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si mul t anedis| @bl é?rail@*scwweﬂﬁr@m #so bg @ﬂiﬂ@ﬂ maéwhatmswhmtamssua@l e for
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l'i qui d. Inthé dse of application of a vacuum 1 nbar is 35 a limt which
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to 2 hoults) eféw lamcﬂiamdemt@mmth@ tosylatpeingon th0RSe domvaining the ediftatabl y 40C.

In contrast, ahidg i§ SER\A: 1@&; idﬂms %%boveﬁ#jt;'t@%s"r 1&@&%{.}{3@2& nEP-Al

394 109 reqU| res E eat | a} _ 50C an many urs e case
of desor pti on™hies E?ﬂ@ﬁe%a hine tﬁfryé%tﬁur e, it is critical that the desorption
is carried out at Partiotias fe@eﬂd@ iCHivestd Riired Sﬁiﬁn&:hﬁuﬂfs%ﬁﬁﬂé Batfhs akPadi ng.
T the gas M il & dP frofetey Rlthfioal'ald belodt fo 2 HadS bimiduzotume o TooPhert ©
20  imidazolinium, pyrazohum, oxatriazolium, thiatriazolium, pyridinium,
pyradizinium, pyrimidinium or pyrazinium compounds and are, in particular,
selected from among 1,3-dimethylimidazolium, I-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 onic 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



pressure, e.g. at 5 bar (abs.) or nore, the subsequent desorption can be
effected at a pressure which is at or slightly above anbi ent pressure,

e.g. at 1 or 1.5 bar 10 (abs.). Desorption can naturally also be carried
out at subatnospheric pressure and, if desired, elevated tenperature to
conpl ete the reconditioning of the ionic I|qU|d The invention further

provides mxtures of ionic liquids contalﬁrng the triflate and tosylate
ion. Preference is given to mxtures in which the nolar ratio 15 of the

ionic |iquids cgntal ni 38 t he tg@;}ll ate anion to those containing the
triflate anion LY aad HBr gan be sepamatedf in of simple3yay frem ptigr
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liquids having the triflate ant ate anions Is

by wei ght of tTE*RER&REenhRRRbEY fﬁﬁiﬁr&nf'erth%med@le rqw@dmwgccé aneormcm% by
wei ght i s madeliguid hys sigimificant dvatiages day ﬂi&%@cﬂﬁé off @z@ﬁn{c QoRrent!si6h as

and”tosy! D ARshlile S 3 ARREAIS e 5 anle. HingltsPosabledp et mpdigs | - ¢
particul arly pwkitkpspingte @0Y§lbyrinatiog Mactnﬁm%aﬂ;ﬂhwnmdhkﬁmeeﬂmpmmdwr es
conprise EM M {4k fivad, r i st of .the onents
rrem)l oned. The&{)r ocesgm?twl I%MO?Anﬁlgﬁ%p%Ir‘\a%oglog? P8 P&“’ﬁ%wﬂéséfd)f Q{q rTPpr obl em
whi ch  was notoriPhetmork(Yrdlqsides andiHF ang mlsd; if appropriatestlk nokn processes in
that inorganic 35ieaRvwihgeRdepls HustrdiBne lh@nn%ﬁ%ngﬁﬁﬁfeé&féﬁn%w S e

parti ci pa;g and in that it is not amnes but iInste lonic
are used for tfi¥%eparation. It has the -14- advantage that HCl, HF and HBr
can be separat@mendf in a sinple way fromother hydrolysis- sensi tive
constituents of ap Imﬁétfﬁfgowlngﬁg B@seous carboxylic acjd tghl Qri dess and
carboxylic acid fluori FRPEP-CHF 3PS 1 S eS I SEHEYFSuor i de or
C(O F2. The abihi¢h yereprepaprarfat the ld@periments andtontziseddriln v Edsdtuents to
be separated from one another. For other examples, mixtures originating from
20 photooxidation experiments and containing not only the constituents C(O)F, and
HCl to be.separated but also further components, in particular the starting
compound -CHCIF,, were used. The latter compound passes the ionic liguid
together with the carbonyl fluoride. The further purification of the resulting
mixtures can be effected by distillation - the further components are separated off
25  inthis 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 HC! from a mixture with C{(O)F; &
1.1. Use of 1-ethyl-3-methylimidazolium ethylsulphate at room temperature
A C(O)F»/HCl 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)F2, 34% of HCI, 6% of O, and further reaction components (starting

| east 75% -



5 which are obtained as a result of the method of production, is
particularly advantageous. A significantly better degree of separation
than, for exanple, in the publications US 3,253,029 and US 4,092, 403,
where acetonitrile is used as separating agent, is achieved here.
Furthernore, the reconditioning of an ionic I|iquid has significant

advant ages over the recycling of an orgah€ solvent such as 10 acetonitrile
or a hydrochloride of an amine. It is also possible to treat m xtures

whi ch originate fromfluorination reactions of phosphorus-chlorine
conpounds Wi tthateifigls,iete. pwnat passddaat afflonratdef (08 epdvhand shightly dRFatelr om

phosphorus(I 1 e ilehiglER n 251 BRASEOREHALD1 SSPAd 55 R Bdufifg2nd o so. i
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separ at ed but h% ém«?fl :qmponentss, in particular the starting
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onl'y carbonyl TR s gt e “Rm%‘a@ﬁﬂé{?'égll‘i‘ils idt ed by means of the
ionic liquid. I%Ulsqofmmméafﬁcnmwtwemp is always p-tosylate. -

Bxanpl o 1 Separ aioBakint @g ek ebebiba GOl 2 1. 1. Use of

| -ethyl -3-met hyli mda atea roo érature AC(O)FZ/HCI
gas m xt ut® was pﬁeqsudt’egaswixpw@ mﬂgﬂ?&wpmoaflomC(@QFﬂQO%hﬁfﬁﬁlocess of

the abovenent bonsrh Amdyiels UPRiRk: RAGHHRLREARs Rk ﬁ%g@é @f@% gﬁ%ﬂ on 04 00

5421.5. A crug xt re haV| n t he corrgom tion 34% of
HCl, 6% of 02 grigoaﬁlh&‘} 882 ¢ (2amql) of gegtonitdle. npt eri al s,
etc.) was pashfshediatedy m@wOﬁmeacehe&o&ﬂmxb&@eﬂk HeifBldwing gV at ed -

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 liguid

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 Hquid to recondition it. |

The HCl-laden ionic liguid 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.



pressure through a wash bottle containing 115 g (0.49 nol) of 1-ethyl-3-
met hyl i m dazol i um et hyl sul phate ("EM M et hyl sul phate"). To obtain

hydr ol ysi s- sensitive conponents (e.g. C(OF2) of a gas mxture, it is
advant ageous to 5 exclude or mnimze noisture in the apparatus and in the
lonic liquid. This was achieved by flushing the apparatus with dry
nitrogen and evacuating it while heatind®the ionic liquid. | mediately
after comrencenent of the experinent, the follow ng gas conposition was
detect ed downstream of the wash bottle by means of gas 10 chronat ography:
67% of C(O) F2, 0. 04&¥teady be gsiphfished wheiethedasic tiquig lseompetelyt i on

conponent s. Thecalitait agandbs bhesiHpemaGHIRARE B theRb S Bhkid HafdD§aPas

m xture is not_geduced on.passage through the ionic Iitquird. 1.2. Use of
acetonitrile (CEAPAFHESRE W) The experinental procedure was as descri bed
under 1.1. 15 A4dUsedsd lgetbylnd-riethvlintidarohigmt dieyladpmesatoegn 47% of C(O) F2, 30%

of HC, 9% of 02 .49 urt .reaction c onent.s sed at a
feed rate %/f 0.8 Iﬁglp?’/%(fﬁr%b'gha ng%t eo%?*@‘ec@ﬁ?%qxh%&fﬁn\gga nol ) of
acetonitrile. Whights timeconigined A0%fiG(EYENSAY aff I€ handdurtherireaztion t he

foll owi ng gas coagpRass WadAsddeThagu_E r ottle by
nmeans of gas 20 chrpg&to raphy: 55% %W%dlﬁ%@ggﬁgﬁ%%gpoz and 18%
of further reXdfs Sightyalyaed pessure grogglha wash basve trgevaousinBushed vath | qui d
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i nper cept iRl e r pressure. .a,vagc 0 ar of |ess can be applie

to the Zégl acféﬁﬂ‘%lﬁaﬁ%gf/ 304%%?8?& #ﬁgb't’{ﬁefﬁgnm@?r&?fgﬂ%ﬂ%i c liquid from
Exanpl e 1.1. vaisodvafion,dhafellowingsgasedmpeositiopmas detegniaéd d®vidseimfdthel hour .
Gent | e heati ngy t i J . Q6Le e h yal of the
gas froman i on“}sgbg‘f“&??dﬁ%ﬁf(?ﬁ@ﬂ [ qﬁ?g[lag%‘r%ﬁnO%@é@%@S)of ﬁfgt‘i@{guat i on
was conti nued of firther Fractien eomppnenis viuehyean hsfseparatsrhofihy dgtillaionc | i qui d.
Experiment 1.3 v oePRatiyd-abthi1iiRALoRis 1diuotsdeMidsuftidndid ¢ case
again |led %O reﬁotn,lb{lonlnc 0 eltonc riquid. nper at ure
to, for ekanpielatedatroqmicmperang se be expected to effect desorption with
recondi tioning, i gasshiatdrewhidhiad onddagain 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 Na) 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 HCL, 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 u_séd 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 HCL, 44% of
further reaction components. |



It can easily be established whether the ionic liquid is conpletely
recondi ti oned by neans of a sinple nmass bal ance of the ionic liquid before
and after passing gas into it. 1.4. Use of 1-ethyl-3-nethylimdazolium

et hyl sul phate at OC 5 As in Exanple 1.1., a gas mixture fromthe

phot ooxi dation of CHCIF2 which this tinme contai ned 40% of C(O F2, 32% of
HCl and further reaction conponents waslfised. The crude gas was passed at
a flowrate of 0.8 nol/h under slightly el evated pressure through a wash
bottle (previously flushed with N2) containing 115 g of EM M et hyl sul phat e
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gas conpasition was det ec ed.
gas chr orflt &u&b yea%ls%cgmp@(e@}scz 5% of HCI 42% of further reaction

conponents. 25 Thqnlﬂg,g { t(g‘@.lfheqqc ESHIGH rbtjlyg tacting
With EMM triflate. 1. %ethg/l ngiaﬁ Haﬁ azorjl& heed!
t ol uenesul phorfé’f‘@ctmﬁwi tl}edilg[:g e‘%&“’é‘@@ The react ion mxture used in

1.5, vas, aftdihxad'rp,l_re ReSephratibreoFHORFBIER b m@s ﬁpgmwpa‘nlﬂgge andoapgl i cat on
(0] vacuumto the 1 no (0]
BV M tooyl ate. ar oIeCBiiE smBlirtgrosad P ghe a1 el Lo eiidesaR g gas

~ conposi ti &dh weendensatinmedf agpmpsiste esouots of BEs aebHCI. I¥itis me(tﬁxy- wmsgassedfat gas
chromat 0gr ap " P RAObS 68 QTR th3eaPh Wi botd W Rhinide fdo 6 EIARG tkiflee

conponent s
at room temperature for 15 minutes. During this time, the ionic liquid became

laden with HCL. A desorption was then catried 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
0.1N 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. lon chromatography indicated a ratio

. of chloride to fluoride of 60:40. This comparison demonstrates that HCI is highly
préferentialiy absorbed by the ionic liquid compared to PFs.
Complete desorption can be concluded from the mass balance of the ionic
30 hiquid 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  ovemnight in an autoclave at 50°C. The resulting mixture of TFAF arid HCl and
also unreacted TFAC and HF was passed through 100 g of EMIM ftriflate. The



-17- 1.7. Use of a mxture of 1-ethyl-3-nmethvlimdazolium
trifluornethanesul phonate and |-ethyl-3-nethylimdazolium
t ol uenesul phonate at OC EMMtriflate and EM Mtosylate were used in a
nolar ratio of 1:1 and any water was renoved as descri bed above. This
time, a crude gas m xture 5 containing 41% of C(OF2, 32% of HCl and
further reaction conponents from the phd8eoxi dation of CHCl F2 was used.
The flow rate was once again 0.8 nol/h and the total anount of ionic
liquid was 100 g. After commencenent of the experinent, the follow ng gas
conmposi ti on wascrapastivned thfogassnikeembaféretpassapathnoughathe Ecmidi)qumaaras of gas
chr onmat ography ) 7y

deirAi ot bﬁ@cﬁ%ma%@r%;hﬂﬁ& %Iﬂg[%A 38 éfﬁélhgﬁ’ Jﬁ?‘%@d further

conmponents. Hi:hl s experi nment nf'ent “can’be

by renewed d’(’E‘ESF‘Ng}ﬂ & gAS{EtuFR Was desecyyd quakitatigely by dbgurvation dbetobpd e 2:
Separati on of $ifacéy afplRE Befoye ms'ags ﬁﬁBuﬁMhMéxﬁd: tlgﬁae A test mxture

conpri si ng g 56% of o) and 4 %o wa]i lﬁ‘i g by 15 condensatl on of
appr opr i at@ anpuntNEPIHRE AU, W‘f%‘é@éﬂm&l" the f1ow rate
of 0.8 nol/h tgﬂsmlgtmawwééteﬂnun&dlqgasmhmmutmaﬁt@%@/Mf TEMHAVDYS off i@t e  at
Fo0m & eper &t Uy bPEPAR. KuaihieSr MRSy Pty o o Gy d Pecare

| aden with HCI, A desor hen car
mbar at 100C i chigridg ﬁH‘é’@‘stO b gxmicieddupiso flyoxdd 4riiens These iatstveare nby gas

chr omat ogr aphyprédeht QB¢ infladénlibnit Mﬁuldsﬁ%eﬁﬁoﬂe Nfe ﬂﬁbﬂ@alu& lt&am& gl | ow ng
procedure f\%ﬁﬁwﬁﬁ he of ream_fromt esorption was passed

t hr ough a @g ¥ hieber %@9@9‘61 @Y&XW%WMME@IQW‘IFMW
(Titrinorm \W\Rpes dﬁmmeﬂura):lmﬁh@ghﬁnhmld)f the acidic scrub solution obtained
|nd|catedarat|o 0 fluori f 95: Far .25 conparison, the
starting nixture é ‘E@% % ﬁ@gﬁﬁg 5@8%“‘["&"?85@’“?3: iR ligwd o donge - ough 100
g of the 0. 1N¢ glasy rfages. | on chr omat ography indicated a ratio of
chloride to fluoride of 60:40. This conparison denpnstrates that HO is
highly preferentially absorbed by the ionic Iiquid conpared to PF5. _
Conpl et e desorption can be concluded fromthe mass bal ance of the ionic 30
liquid before and after desorption. Exanple 3: Separation of hydrogen

fluoride (HF) and hydrogen chloride (HCI) fromtrifluoracetyl fluoride
(TFAF) by nmeans of EM M trifluoromethane- sul phonate



Trifluoroacetyl chloride (TFAC) was stirred with hydrogen fluoride (HF) 35
overnight in an autoclave at 50C. The resulting m xture of TFAF and HCl and
al so unreacted TFAC and HF was passed through 100 g of EMMtriflate. The
conposition of the gas m xture before passage through the ionic liquid was
determ ned by gas chromat ography (56% of TFAF, 34% of HCI, 7% of TFAC). HF
present in the gas m xture was detected-qoalitatively by observation of
etched surfaces of glass before passage through the ionic liquid. 5 After
passage through the ionic liquid, the follow ng conposition of the gas

m xture was determ ned by gas chromat@drAdy:S 86% of TFAF, 2% of HCl, 11%
of TFAC. Analysis of the laden ionic liquid for halide ions found not only
the chloride anions to be expected but al so fluoride anions. These ions

were not present 1rp5 ik rtherrmre the.f| uoride
value found is fL/? 'F% 3 slcanék%%ﬁ{gggggﬂtph%;i{%aﬁg &a%g}lﬁmegﬁon?wngexarrpl e,
by hydrol ysis B Hr and, epecor nagre giies gageous Wmh%lents;wheremqhnsclga.tt was

al so found t haixtiies gR%omfarted hth BR\E Abrt Rfid [&s"vhﬂﬁ'%bﬂ@q': o Chehed
or I rom

gl ass surfaces I ocess _for s ratin

gas m xturgs c%ﬁf%%l??ﬁ&qffdflth‘?-ﬁhﬁrrcqqﬁ‘mﬁwao ﬁ@g@?%ﬂﬂ@@t%ﬁe%eous
constituents, ddgeseein these gas mnixtures are contacted with one or nore
ionic liquids which sorb HClI, HF or 5 HBr or at |east one of the other

constituents of t ] erl .. Process
according to d aj %IP&?%?JH@&' r%t&‘bi I"thfg (?@E é%ld‘?pﬁeteilfﬂ from
i xt ures cont ditk Hemapicires C&ﬁwlm C(OMHersd HMGlhwberein thescmuaesarecont act ed

with one or rr%ﬁtab@ahﬁmldnwr%rmml?ﬁf&? kb n*@g':fg& mﬁ; J;ﬁ@ﬁh@g 10

degr ees. ? Pré%cess according to d al or isolati
depl et ed ?1 8% om ni xt ures contai ning PF5 and HCl, wherein these
m xtures are contacted wth one or nore ionic |iqui ds whi ch sorb PF5 and

HCl to differing GeBroses acdordﬁgmexzﬁmmﬁﬁsum tFFSQ'tﬂéHnslleﬁl@fedhﬁﬁ(ﬁt' ng

carboxylic aci n rom m xtur

cont ai ni ng caﬁg} %/nl Ic egg? sﬁgagﬁ(g Y em @%ﬁ?r@xﬁurf’%%@&oﬂtﬁﬁ@ res are
contact ed wi t Withrane®r mase wmmmmds thhderhlﬂ'ﬁsczind B@irtb diféaringdebiees.aci d
fluoride and HCl to differing degrees, with the m xture

4. Process according to Claim 1 for isolating carboxylic acid fluoride
15 which is depleted in HCI from mixtures containing carboxylic acid fluoride and
HCI, wherein thesé 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.

3. 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,F sC(O)F.

6. Process according to any of Claims 2 to S, 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,
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 E¢(30) value of more than 20 and is capable of
30  coordination is used.



being able to contain HF which is |ikew se separated off. 5. Process
according to Claiml, characterized in that the carboxylic acid 20
fluoride is CH3C(OF, CHF2C(OF, CF3C(OF or CF5C(OF. 6. Process
according to any of Clains 2 to 5, characterized in that one or nore ionic
| i qui ds whi ch sorb carboxylic acid fluoride, C(O F2 or phosphorus

pent af l uori de nore strongly than HCl or -Bf-are used or in that one or nore
ionic |iquids which sorb HCI or HF nore strongly than carboxylic acid
fluoride, 25 C(O F2 or phosphorus pentafluoride are preferably used. _ 7.
Process accordi ng ?-dPr@eas ancordingtarGleine i j chadicienizedit thatrthé amibe of thetouic

contai ning nity; A i LS: - ing to Claiml,
characteri zed ihﬁ‘ﬂtgklr};a% &é]%}ﬂ&l?%tﬁhgéﬂﬁ& 3%1?1(1# \?ﬁ%gﬁgt%%{é&gﬁﬁ%%@g%&%%ﬂ% has an
ET(30) val ue of rmgg t han 20 and is_capabl e of 30 coordjnation is used.
-20- 9. Process actbF&sss aceording; thClaing . characierizeddy thaf thewnior e ani on of

the ionic |iquindnosikdsupHapwiei, enonduitylii@stats fheor) n afte®SdEhadphadopf a

pol ybasi c %ci d'ho 11%6 Fr 0Cess accigr%'kng t? C]?ng m 6, char erldé d in that
the anion i°s aP WBARBAICAND, MEFSEE akyb AT RErErPURs mavatidlesited B an
esterified phoshauedby 15rproe phlogat atoaus] paferabieflaoridecatadky| , aryl or ester
groups may, if desired, be substituted by 1 or nore hal ogen atons,

preferably T1uori nel pIRER-acdddinBiO T AF CRRALIAG I HaP b fon Saar act eri zed
in that the anion IS a_ nono-U -Cl2-a sul phate, preferably a

O - C4- nonoal kyhewt-Gih:ftle-alkylgiphate prefyapbes Sl Ldcmpnraligyisdpiate pipno,
characterized in that the ionic liquid 10 contains the anion p-tosylate,
mtosyl ate, o-tosyllaPecandbeddingitd Chlif 101 Sharkt@9R8 Sn 8¢ tedbig igaidd ai m 12,

characteri;gzed in,th the ionic liquid. is i xture of, at | east two ionic
li qui ds hé\éli ngCOPWg‘SEi}?%}BWB’?%Syéﬁ?’g?#os@’%eﬂ%ﬁ'?w& oraiflalh and/or the
mtosylate anion or a mxture of one or nore ionic |iquids having the
p-tosyl ate ani on, lBhBrogessassording taQlam & chdracterized sy that thedomiotigaidds at. 15

| east one furthgiurt 8fiSedst Qi i ql‘ﬁ'(lrm ani ferak e
triflate anion. 14. I-1>r ocess lag%or. [ ng@?g{g?ﬁ% %&@%ﬁgégéﬁ%?%%’%l n that
the cation bel3igsndiosthera-tesylaieanipn phi griErg efrueionimtae miliguids pyr azol i um
oxat ri azol i umhavinBitiad ﬁ-t@gla{d ahion, B d-EsHlasBnidy sags i-RisyiRte AYEd fAd4ni um and
pyrazi ni u o und@h 2Q 15.. Pr %cess accordi.ng to.  C ?I m 14, characterized
in that t Ci%ggpei léenr 1onic 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-propyi-3-
methylimidazolium or 1-n-butyl-3-methylimidazolium.

17. Process according to Claim 16, characterized in that 1-ethyl-3-methyl-
imidazolium ethylsulphate, 1-ethyi-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.



i mdazoliumcation which is substituted by one, two or three substituents
each having 1-24 carbon atons, where the substituents nmay in turn be
substituted, for exanple by aryl groups such as phenyl. 16. Process
according to Claim15, characterized in that the cation is 1,3- 25

di met hyl i m dazol i um 1-ethyl-3-nmethylimdazolium 1-propyl-3-

met hyl i m dazol i um or 1-n-butyl -3-nethyl i-mjdazolium 17. Process according
to Claim16, characterized in that 1-ethyl-3-nethyl- imdazolium

et hyl sul phate, 1-ethyl-3-nethylimdazoliumtosylate, 1-ethyl-3-

met hyl : m dazol i um lS.iPlfrd)@Eﬁa@brcﬁngfﬂ@(ltlhﬂ’rﬂl,td‘l%i‘eﬁﬁbﬁ“i%zedmﬁt:hﬁt thé ﬁﬁz)z’thléttﬁ'bei S g
o-tosylate, 30, mtosylate or.p-tosylate an ef ergbl.y .p-tosyl ate, is use
as ionic |iquit ?atéglf%)a‘i%.& I,‘:;?%Eaé)i}él a%?é%oruﬁ?W’B%O@eléﬁﬁ‘%“g&‘ﬂﬁﬁact erized in
that the mxture to be treated is passed, preferably in gaseous form

t hrough the ionic 19 -dueatss agordigpioddainat bohdiangrieesl 1@l thatrthd ibpicdmidist er i zed
in that the i opjeGent ifiithHobiBseddbfgent in inmmobilised form 5 20. Process
according to aim1, characterized in that the contacting of the ionic
liquid and the m xture to be Se‘%r ed is carried OUL at a tenperature in

ar (
the range Prom 10 1 Faeressargonting eddaim Lgharacisrized inghaighe gontqoipg pf 21
Process acc ﬁr diha goﬂ.i(-)}i@‘hia iafd he rﬁixa&ac% B?ep@titdd(rjis tdraied bbﬂat@qaﬁpéﬁhtu%ﬁls
sorbed in the jonj j qui esor bed in er t ec r the ionic
li quid and/ or ﬂhgg&fgg qogrbkgfogﬁfﬁgmgﬁ%gﬁu@oﬁ% Ejé‘ﬁ?@i’aﬁ(%gs Process accordi ng
to Caim?2l, characterized in that the desorption is effected by reducing
t he pressure, incr¥adrorgssaceondingdeCGlainy b chavterizghimghatghaconstituents gas
through the i ofied ih @y ¥nicdRmi j i 1 ﬁfé@ﬁ erized
in that m xtures 1i ch lgtfga;aﬁﬁl{rﬁg?%%%ﬁn%t&%éI&gﬁ%l&éécgﬁgém% hqglm at(it’ron of

wh ori gl
CHCLF2 f oVt heopiplajethe serbedspaBipensy C(O)F2 or from fluori nation reactions
of phosphorus-chlorine conpounds with HF, in particular fromthe

preparation of PFR2f Pagessplosiingrio €ditd 21, chirasibdas iR tha Aesqberptiss ¥

chl ori des and elfg %gg) al(io ith ae%%}rtopri ate%ﬁ; or F2, or, , from processes
for preparing ESFBSRYITRCINg the PRI daceawis e SReatuis- A 2HSHHC and 1
bar (abs.), i nnqagis tbuugh teobnprimmebses whi ch conprise the phot ocheni cal
oxi dation of chlorofluoral kanes or the fluorination of carboxylic acid

LG5 B e ey SR S RS i 101
15 onginate from the photochemical oxidation of CHCIF, for the purpose of
preparing C(O)F; ¢r from fluorination reactions of phosphorus-chlorine
compounds with HF; in particular from the preparation of PFs from
phosphorus(III) chlorides or phosphorus(V) chlorides and HF and also, if
appropriate, Cly or F5, 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 CH3;C(O)F, CHF,C(O)F, CF3C(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



24. Process according to Caim1, characterized in that it is carried out
25 batchwi se or preferably continuously. 25. Mxtures of ionic |iquids
which contain the triflate ion and tosylate ion. 26. Mxtures according to
Claim 25, wherein the nolar ratio of the ionic |I|iquids having the tosyl ate
anion and the triflate anionis from3:7 to 7:3. 27. Mxtures according to
Claim 25 or 26, characterized in that thé2ecations 30 of the ionic |iquids
are different or preferably identical and belong to the class of -22-

i mdazolium imdazolinium pyrazolium oxatriazolium thiatriazolium

pyri di ni um pyiidazeligmy pidgelingra; prranelivmdoxapriazolinmg thiswiapdiunds . 28.

M xtures accor ghirnii®, HaiBddm, ﬁ}fiﬁﬁiﬁﬁﬁlﬁﬁ'aﬁ@gyﬂaaﬁ*ﬂgoﬁp@mﬁg_tl ons of the

ionic liquids are different or preferably identical and are selected from

anmong 5 1, 3-di net i dazol i u - et hyl - 3- et hyl.i mi.dazol.ium. 1-propyl - 3-
net hgl i m dazol i um%nhﬁlf- QWPVH!‘?-%H@%% %ﬁf@?ﬁ%ﬁ‘ﬁm%@mﬂ%‘ﬁ?ﬁfﬁggor di ng

to Caim25, chscdtualsiazedifierent boprefdrablpidepical aodafselctlee fioanirtodd qui ds
having thestrifh: tﬂ:pflﬂ] _anions Lsqat. .|l east 5% by wei ght of the
total amount ot;’k i%glﬁ? c |£]dé|§(¥iﬁslﬂﬁ’glr gtﬂ %I?g%“’%/h%i‘ﬁﬁ%zﬁ Ui '&Wf’?ﬂq’ )

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.




