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TITLE Utilizing lonic Liquids for Hydrofluorocarbon
Separation This application clains the benefit of U S

weraniosssenal Application No. 60/719, 735, fil edPCT/US2006/037137

Sept enber 22, 2005, which is incorporated inits
entirety as a part hereof for all purposes. Technica
Field The present invention relates to a process for
separating conponentsmqﬁia m xture that contains one
or nore dr.of | uor ocar bon conpounds by the use of an

i oni ¢ |.qéhhmngﬁgnﬁkswé§ébx335§8#@wcw§9n§ﬁgﬂg {&¥ar at i on
of conponents from an azeotropic or close-boiling

m xture by a process that may include, for exanple,
extractive distillation wherein an ionic liquidis

used .an nt[ai er. kgr.ou ocesses for. the
separ s APE TR0 R B P e ARPEE No.
i 19 55 HEB S%{)féﬁﬁ)%xsﬁ @@bS J WhicR (9B HotaiRdn |1t§ entirety as a
distiflation, Wwhich effect’s the separation of

qmﬂdmnﬂﬁﬁ@%ﬁhﬁeﬁﬂﬁﬂ differences in their respective
volatilities. Azeotropic m xtures, in which the
conmponents have the same vapor phase and |iquid phase
conmposition, and close-boiling m xtures cannot,
however , be easi |y separated by conventiona

n. To renmedy this situation, a process that

ft : -
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mixture that contains one or more hydrofluorocarbon compounds by the use of an

ionic liquid. The process is useful for the separation of components from an
azeotropic or close-boiling mixture by a process that may include, for example,

extractive distillation wherein an ionic liquid is used as an entrainer.

Background

Processes for the separation of components in a mixture are numerous, and
one such process that is commonly used is distillation, which effects the
separation of components based on differences in their respective volatilities.
Azeotropic mixtures, in which the components have the same vapor phase and
liquid phase composition, and close-boiling mixtures cannot, however, be easily
separated by conventional distillation. To remedy this situation, a process that is
often used for separating a mixture of components that have similar boiling points
is extractive distillation, in which an entrainer is added to the mixture to
selectively interact with one or more of the components of the mixture so that
separation of the other component(s) is made possible. Seiler et al [Amer. Inst.
Chem. Engrs J. (2004) 50:2439-2453] describe the use of an ionic liquid as an
‘entrainer in extractive distillation for the separation of the azeotropic systems

ethanol-water and THF-water. U.S. Patent Application 2004/0133058 also



is extractive distillation, in which an entrainer is
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separation of the other conponent(s) is nmade possible.
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afixt@sd byaiheeie bﬂlo@ﬁﬁ liqsds. ve distillation for the

separation of the azeotropic systens ethanol -water and

THF-water. U. S. Patent Application 2004/0133058

al sode |

and. hommeed ST PeRiAE TN, (R RS oS D o e

| eparatidn gfi colmporfentemdazsbdirdpic oe rcrhusa—bpﬂimngvmmmrgs fhat contain at

I mpr ove rocesses to be used for the separation of

&Sng%Sﬂ% Y Oﬁﬁorﬁ‘iaé 1% B(HPEOWﬁ' cl ose-boi ling m xtures

that contain at |east one hydrofl uorocarbon conpound.

Sunmary This invention involves the separation of a

conmponent froma mxture where the m xture contains a

h%%ygor ocar bon conpound i one enbodinent, this

[ n thus provides a process for separ at | ng one

OF  NDI"Ehi§ VRAAGNInYofve® thedepathtidr STANGRaRRAENToth W heixture

wherein the m xture conprises an azeotropic or

cVhere thgnixtyrg canteingradydepiiporgearbonsoppeurd. x {iyppe embodiment,

c e
bl aRp BuHERl L PROERS o ATRALER SR abmbn RS

hﬁtdm&fﬂmjlmmmohem mxireunitkreih Yheamixdturerconpribesan azeotropic or

gnpound; . . . .
clgge-borhqng mixture, and wherein the mixture comprises a hydrofluorocarbon

compound and one or more members of the group consisting of:

a) another hydrbﬂuorocarbon compound;
b) a fluorocarbon compound,
c) a non-fluorinated hydrocarbon selected from the group consisting

of C; to C4 straight-chain, branched or cyclic alkanes and C; to Cy
straight-chain, branched or cyclic alkenes; t
d) an inert gas selected from the group consisting 0f N2, O,, CO,, CO,
NH;3, Ar and Hy; and
€) water; and
wherein the process comprises contacting the mixture with one or more ionic
liquids in which one component of the mixture is soluble to a smaller extent than
at least one other component of the mixture, and separating the lower-solubility

component from the mixture.

When the process is performed by using a technique such as extractive
distillation, the process may also involve steps such as adjusting the temperature

and/or pressure of the mixture.
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branched or cyclic al kenes; d) an inert gas sel ected

f he.qarou ] gofI\IZ(ICOCONHSAr
gf’fgﬁ@desm f%ed)%ﬂg\i?%{rvﬁhgﬂd wherei n the process

conpr i H€s 140 akétednatg didpeartiof b yingplevexthactine distillatomesystem.

ionic liguids in which one conmponent of the mxture.js.
sol ubldG-@ 1 asrliematic diagemn of gaimale 4@%‘%@ e rectiyerfbistitlation

c&g&ggent of the m xture, and separating the
["ower - sol ubility conmponent fromthe m xture. Wen the
procesHG.S shewh mamafe&bjsoﬂmirmgl salubelatyiatau(en molﬂfrasion) of the

UL L b B b BT
g §%§éﬁrt emg%sgelaels&}féhﬁﬁle dBni &f @b’%crﬁlﬁ’éd' ﬁ?an% est t‘ﬂ represent

i's a schematlc di‘dgram of a sinp
eme:xsamﬁl wotldimali Idhtat abr25s S} dited F$qﬁar63 () aemcﬁhe‘rraneasured

e due 378 Gl S elrenr LY Fefrh! eofiR beperma

d&&@at(’)‘S”C"@oﬁdflﬁ@@Ifép?é%):nthateI t?&d&y stem HFC- 32 +
[bm m as a function of pressure. Filled circles

() re Ié%, hois areaserdd iispthamaahaelubikity slate (in motedfragtion) afithe
tsryls%mgi-l%%—{ﬁ +rﬁ)%11mﬁﬁﬁ‘t6] as a function of pressure. Filled circles (o)

represent measured isothermal data at 10 °C, filled triangles (A) represent

measured isothermal data at 25 °C, filled squares (m) represent measured
isothermal data at 50 °C, and filled diamonds (@) represent measured isothermal
data at 75 °C. Solid lines represent data trends. |

FIG. 5 shows measured isothermal solubility data (in mole fraction) of the
system HFC-134a + [bmim][PF¢] as a function of pressure. Filled circles (o)
represent | measured isothermal data at 10 °C, filled triangles (A) represent
measured isothermal data at 25 °C, filled squares (m) represent measured
isothermal data at 50 °C, and filled diamonds (4) represent measured isothermal
data at 75 °C. Solid lines repreeent data trends.

FIG. 6 shows measured isothermal solubility data (in mole fraction) of the
system HFC-143a + [bmim][PF¢] as a function of pressure. Filled circles (e)
represent measured isothermal data at 10 °C, filled triangles (A) represent
measured isothermal data at 25 °C, filled squares (m) represent measured
isothermal data at 50 °C, and filled diamonds (4) represent measured isothermal
data at 75 °C. Solid lines represent data trends.

FIG. 7 shows measured isothermal solubility data (in mole fraction) of the
system HFC-152a + [bmim][PF¢] as a function of pressure. Filled circles (e)
represent measured isothermal data at 10 °C, filled triangleé (A) represent

measured isothermal data at 25 °C, filled squares (m) represent measured
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wo 2oolzesB36s anonds ()

measured i sothermal data at 25 0C, filled squares ()
represent neasured isothepnal data at 50 0C, and

represent measured i sot her Pel/USZ0&037137
at 75 0C. Solid lines represent data trends. FIG 4

B ERRLLES SIS G Yol Ly e
fdbnracat 7oPC OSom BeGUEsresdnt Hhtadrends.cl es () represent

neasured i sothernmal data at 10 OC, . filled trj l.e
(A) 1 é“*éﬁe§éh@wméw@dlsp@%ﬁ%rsﬁ%abﬂ%fl%a&n meledgatiion) of the

S
S RO ekipl BT 3800 JEREPH] G pleRRh e G KBRS (0
rgRtdeat Hﬂéasﬁi@ﬂ aisétherftal Odata Sol 10 °CL rﬂ:—ltedr’emnglﬁer(tA)jabI&esent

trends. FIG shows neasur ed_ i sot herma solubilit
d@qaaur@ql nlsﬁ@P@er datR i Yni ofot ﬁ@efi - FopTes et measured

%%&FE&& af50 3Cf 4 lléarhlgl%oﬂ({se“}% resEit! 1Jncecgu1céﬂrlﬁtﬁémal

epresent neasured |sothernmal data at 10 0C, fil
tdatazan G6 6. GAMdtlamleplemma’asthdm i sothernal data at 25

dat 2 RICSY FE g foaedal pEEYy foA s B srEaction) of the
asir Afcl %g{-d; trer%lém § asad ﬁ?m':btﬁg ofSPlekhrd.i nﬁﬁed circles (e)

present FIG 6 shows neasured
|rsln’eshmt mataseed uisbibietyal dédta 4ti b0 rf6) diliqdamallg}@)? (Oh) tregresent

ﬂ%St ‘Sf?{i ﬁgﬁ%ﬁﬁ dd%tl[dr %t| gk[ P‘;‘: 6¥é16$ e%élfﬁ]tj oe ggﬁpged;ent measured
Ii§AhdIRlaBAta 4856 °@} ankOfIRE dibinbh@r( @) tepagkRSméaihred isothermal

repr esent measured i sot hermal data at 25 0C, filled
stqtaaa’céé °C) Selg liaseispresend slatadepnds.

FIG. 10 shows measured isothermal solubility data (in mole fraction) of

the system HFC-23 + [enﬁm][PFs] as a function of pressure. Filled squares (m)
represent measured isothermal data at 60 °C, and filled diamonds (4) represent
measured isothermal data at 75 °C. Solid lines represent data trends.

FIG. 11 shows measured isothermal solubility data (in mole fraction) of
the system HFC-32 + [dmpim][TMeM] as a function of pressure. Filled circles
(*) represent measured isothermal data at 10 °C, filled triangles (A) represent
measured isothermal data at 25 °C, filled squares (m) represent measured
isothermal data at 50 °C, and filled diamonds (@) represent measured isothermal
data at 75 °C. Solid lines represent data trends.

FIG. 12 shows measured isothermal solubility data (in mole fraction) of
the system HFC-32 + [emim][BEI] as a function of pressure. Filled circles (e)
represent measured isothermal data at 10 °C, filled triangles (A) represent
measured isothermal data at 25 °C, filled squares (mw) represent measured
isothermal data at 50 °C, and filled diamonds (4) represent measured isothermal
data at 75 °C. Solid lines represent data trends.

FIG. 13 shows measured isothermal solubility data (in mole fraction) of
the system HFC-32 + [emim][BMel] as a function of pressure. Filled circles (e)

represent measured isothermal data at 10 °C, filled triangles (A) represent
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WO 20ve®383epr esent data trends.

i sothermal data at 50 0C, and filled di anonds ()

represent neasured isothermal data at 75 0C. Solid
FIG 7 shows neaBCr/@82006/037137
i sothermal solubility data (in nole fraction) of the

%&glﬁ% 'ﬁ&]_:%ﬁﬁﬁ aa‘l;abgq 5]5[ R ,6h11§§ %él%ll[‘ég %ﬂggﬂeﬂag%ent measured

pressure. ed circles () repre
iisalidigairaita data °@} ankOfilldd difinbhdsd( @) repagperisméaipred isothermal

represent measured isothermal data at 25 0C, filled
é’&%@?ﬁgé © SPBB#@%WI%@&%%”E& hermal data at 50 0C,

and fi di : o
210 T3 Uk SARSSSETLARSN S o
8he byavean FHRS02 ed]pnsyl[BMelhlas 8 dindiohi dfypretatz. (Hilledhaitaes (o)

fraction) of the system HFC- 32 + [ bpi BF4
ffﬁ?fﬁ%ﬁzlfﬁs“{ﬁde%ﬁ}%@alﬂ?tﬁeﬁ e e@{% %’ﬁleégéﬁ? represent
?%%%Weﬁdisbﬁl%hﬁﬁr el 9203 8t Hhe®Gquble! git; %é’gh’%%ﬂtl ®Feasured

represent neasured i1sothernal data
fisdtherthad datarag S0 T, ampfibakdibmoends(# ¢ tepresentmeasateddasthermal

5 G filled di S ) represent neasured
?dt?@tagggn‘&r %g”gflémﬁi re%esﬁ%.ra%%gﬁngs‘l i nes represent data
trendsgrd; 168 siwahawsurgaissthethdl $ekubRityahtaS@ Hild Fadtion) of
data (in nole fraction) of the system HFC 23 +

[thersystgnPER]C-328 ‘albimmdiBMel] 06 afresionraf pressiee Filled eirdes (o)

represent asyred Jj sot her mal, .10,0C, ,filled
PR CRECAISE CRIEOER JMEatu B SHTHO PRI Aot A) debGion
Qfseashitcd! adtheaMalr @ata( it PBPPES Eilled NRASLESE () SEpréRAMBRheasured
data at 50 0C, and fill ed di anonds represent

nsetbermad dpact 56, Frapndifilled diempsdp(®) (S%H)IPS&H mggsgred isothermal
r&R] §5RE. %%tha 1§ ﬂa%f'esent data trends.

FIG. 16 shows measured isothermal solubility data at 25 °C of the systems
HFC-32 + eight different ionic liquids as a function of pressure for comparison.
Open diamonds () represent measured isothermal data for HFC-32 + 1-ethyl-3-
methylimidazolium bis(pentafluoroethylsulfonyl)imide, open circles (Q)
represent measured isothermal data for HFC-32 + 1-propyl-2,3-
dimethylimidazolium tris(trifluoromethylsulfonyl)methide at 25 °C, open squares
(O) represent measured isothermal data for HFC-32 + 1-propyl-2,3-
dimethylimidazolium bis(irifluoromethylsulfonyl)imide at 25 °C, closed diamonds
(®) represent measured isothermal data for HFC-32 + 3-methyl-1-
propylpyridinium bis(trifluoromethylsulfonyl)imide, open triangles (A) represent
measured isothermal data for HFC-32 + 1-butyl-3-methylimidazolium
hexafluorophosphate at 25 °C, filled circles () represent measured isothermal
data for HFC-32 + 1-butyl-3-methylimidazolium tetrafluoroborate at 25 °C, filled
squares (w) represent measured isothermal data for HFC-32 + 1,3-
dioctylimidazolium iodide at 25 °C, and filled triangles (A) represent measured
isothermal data for HFC-32 + 1-octyl-3-methylimidazolium iodide at 25 °C. Solid

lines represent data trends.
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msasured i sothernmal data at 60 OC, and fill ed di anpnds

i hes THGE 32 haPE RRHATET LR TR B in ol ToeRa' 10
i°gosthie ngktean| Hbtl?izl; Hfdau ﬁZaC IHF Q0B 42, FHBCH26N ind HF843a +

z/)stem HFC- 32 + as. a fun tion of
B8] [PE] m.tpqr@d%ahsell pr@§sufee§w§érhy 8as, padgration pressure

LR, et 5, A e g

SEdtBEratil Ghtaffﬁpﬁmm aITE@S(Ul‘vx&tﬂl Posﬂeﬂh]ﬁ%%ar d)@%ﬁl cadss hetch (X)
0C, and fill ed di anonds f) resent neas

|r§mpﬁf@¢mpa%ﬁdaw%fﬂewl deta %HF 13238819 ep r"@@e?ﬂ deld’ bar,
1 er&d?rcle': n(Da re]pf S8 01%{5%% qu% yétﬁ&rﬂa? (a% ﬂﬁgp%gi@bzitelpf"ﬁ with

[I%Ei h.1a81 daf, Ldﬂ)@hlsqmar@éf ([@7 RProdEe. mé?:lshﬂeédsdihérﬁiai?ﬂaté)for HFC-
repr esent measured i sothernal data at 10 0C, fill ed

t erSam 4P &6 V(i Py & 908I4 e, iidlad girelgs () semeserhmeamred igpthomnal
G LR AR Vi 050 LIS B PRk

rmﬁsug}md linsathresdied Rewilds bdw.75 0C. Solid |ines
represent data trends. FIG 13 shows neasure

i sot hefhteI 181 ashemate dugmny phigdrevmelis m%ﬁﬁéibaé%n"? pged for
Sﬁiéatsﬁﬂhglggé &i% @g{ogl : 2{}6[ 1%'1 ufts. %&M&%ﬂg@l u’?’ 3% and js refer to

pressur epresent
| the thertemiveight, doak ahd chan, Ifespdcﬁdelyr i1ahgindds {efr to the sample

;Q{{’ %?Izeg n%,r}gasg PE%EL%%%FQ’EE%?@%# faersat 65 fc%g%b dlflel {0 grgvrty, and

B refers to the force due to buoyancy.

Detailed Description

The present invention relates to the discovery that components of a
mixture that contains close-boiling or azeotfopic components, wherein at least one
component of the mixture is a hydrofluorocarbon compound, can be more
effectively separated when an ionic liquid is added to the mixture. Separation can
then occur by employing conventional methods of separation such as by
performing extractive distillation wherein the ionic liquid functions as an
entrainer. The invention thus provides improved separation by a process that
involves separating at least one close-boiling or azeotropic component from a
mixture, where the mixture comprises a hydrofluorocarbon compound together
with at least.one member selected from the group consisting of:

a) at least one other hydrofluorocarbon compound;

b) at least one fluorocarbon compound;
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WO 20ve®383epr esent data trends.

i sothermal data at 50 0C, and filled di anonds ()
represent neasured isothermal data at 75 0C. Solid
FIG 14 shows neRCTIUSN06/037137
i sothermal solubility data (in nole fraction) of the
syste FC-32 + . I u '

3 asadl clorse B M Riorin R vRBafbon, RALUAT Bom the group
i sot hepn@stingadfaCiab AOstight-Chdih dstatchednglcpdio Akanes and C; to
represent neasured isothernmal. data at 25 0C, filled
squar &= syighbphaindrpnched suexedc phsbter mal data at 50

i%sﬁ ang 1Ja'Fﬂ !a‘g{in@hagég REGCEY FRPHRSSRp FBASSIRMS N,, 0, CO,,

ot her ma a at” /5 0C. Sol i(rtJI | Tnes represent dat 2
t r end<CO,AVK, Arsndibywsindeasur ed i sot hermal sol ubility
dat a (v!,n nmol e fraction) of the system HFC-32 + [ bnpy]
[BMel ] AL 3 function of pressure. Filled circles ()

rSRIpERBB coNBREHE eFe nHRMube Wil atdRid e ibRicOKquid ith lvalch one
triangles (A) represent neasured isothermal data at 25
eompbh¢ited themixese (9 sqlelle ds animatisa syicat thag it Heastrgne other
data at .5 C..and fill B d

RBoRiay Bl st S8 Aokl D8R, EBmponcnt from
riepnegert data trends. FIG 16 shows neasured

i sothermal solubility data at 25 0C of the systens
HFC-32 + eight different ionic liquids as a function

of pregRULAokMe EAIRA ﬁﬂlchﬁ’gaggzrgbﬁg@ PStSceftain tfrminology as

represent neasured 1 sothernma for HFC 32
| enggilbryeld-iB3 thisspdeifidatoutaz ol i um

bi s( pept af.l uog,oethyl sul f onyl ).i,m de, 0 circles (O
r epr es'eht '{E4s (i eaﬂ(?g%f:%? -\ 5&1’"&%%&%@&% on)lpound
|ha9{1%pbhle' #endral formula CyHonso, and may be a straight-chain, branched or

cyclic compound.

An “alkene” or “alkene compound” is an unsaturated hydrocarbon
compound that contains one or more carbon-carbon double bonds, and may be a
straight-chain, branched or cyclic compound. An alkene requires a minimum of

two carbons. A cyclic compound requires a minimum of three carbons.

An “aromatic” or “aromatic compound” includes benzene and compounds

that resemble benzene in chemical behavior.

An “azeotrope”, or an “azeotropic” or “‘constant boiling” mixture of two or
more components, is a mixture in which the composition of the vapor phase and

liquid phases are the same, or substantially the same, at a selected temperature or

" pressure. Included in the definition of a constant boiling mixture is a “near-

azeotropic” mixture, which is a mixture that maintains a substantially constant
vapor pressure even after evaporative losses, thereby exhibiting constant boiling
behavior, such as more particularly described in U.S. Pat. No. 5,709,092.

Azeotropic and constant boiling mixtures also include mixtures wherein the
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HFC-32 + | -propyl -2, 3- dinethylimdazolium
: £ )i
S bSO A LU AT B ld 06y AA3E b onty

Hb6ni32 Crordes¥et hyl - | propyl pyri di ni um
bi s(trifluoronethylsul fonyl)imde, open triangles (D)
represent neasured isothermal data for HFC-32 +

| - but yo 1‘§1’g§§55‘1¥1}1é’§&?}?ﬂ9&! jsuniaxalih Uptop %S@Ji?ﬁépﬁ%]fszgf the

0C, fifled crrc represent nmeasured 1So

dahdpoherts HeCGsidiRlar shelbus ylImidture ihyihidh ttlabollingnpoints of two or
tetrafl uoroborate at 25 0C, filled squares ‘%2

maerieed di comepeuants therend rreiepatated yp v abqut &0 Fponless. 3.

di octylim dazoliumiodide at 25 0C, and filled

triangles (A) represent neasured isothermal data for

HFlC- 321|“h|e Forftichlypres3ure tof\al subbtdiaczok ithepreatdisieqaire@ o Dtiefy a
Solid, lines represent data trends. FlG 17 ows .

rsa ShiHte i deraperaiires BIbiMh 18 ths teperptyre 4t fosd e agishy wgpor

F . . _ .
B e e e R, Ry Soptid.

absol ute pressure divided by the gas saturation

et Sttt shons b Lo (sl e i
16 Deottbgib oPbbristahll- 2@ HsBBOilingRER1EE, AR S Plédetsdch)as extractive

represents neasured i sothermal data for HFC 152a at 10

otistilfation pehere sheratrpings pnterpets selgetiiele el (pyt dosppelsdgmically
%g&%ﬁﬁ A)'g? 8%@1%%@11 IR 504 c%’ ehpsF Al Cwth
= 4, ar, open squares 9 represen nmeasur ed
i sothermal data for HFC
“Extractive distillation” is a separation process in which an entrainer is
added to an azeotropic or constant- or close-boiling mixture to aid in the
separation of the components thereof by volatilization. The entrainer interacts
selectively with (but does not chemically react with) one or more components

within the mixture.

A “fluorinated ionic liquid” is an ionic liquid having at least one fluorine
on either the cation or the anion, or both. A “fluorinated cation” or “fluorinated

anion” is a cation or anion, respectively, comprising at least one fluorine atom.

A “fluorocarbon compound” is a compound comprising fluorine and
carbon, but not hydrogen. A fluorocarbon compound includes an FC-
fluorocarbon compound (“FC”), which consists solely of fluorine and carbon, as
well as a chlorofluorocarbon (CFC) compound, wherein FC and CFC are common
terms used to define refrigerants [see, for example, Ralph C. Downing,
Fluorocarbon Refrigerants Handbook, Prentice-Hall, Inc., Englewood Cliffs, NJ

(1988)].  Fluorocarbon compounds also include, however, compounds selected
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trend and dashed |ine represents Raoult's Law. FIG 18
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Description The present invention relates to the
di scovefhalbgal’ icbiopins idding chlarine xt flnerinehat cont ai ns
cl ose-boiling or azeotropic conponents, wherein at
| east one conponent of the mxture is a
hydr off UBPterearbols a8 grp GO, hayHig heteferle™ef f ect i vel y
separated when an ionic liquid is added to the

m Xt ur g.q Sepay at.i : '
Toeyor BTGP 0 S LR il RN, A sy,
POt Ryl edromatid stengbiuadi | | ati on wherein the ionic
liquid functions as an entrainer. The invention thus
provi des i nproved separation by a process that

| nvol vgs: Aot cd dORE aCLARSIRAA! ddriiHistg fluori
azeotropi conponento fcfo am it Sre, where the m'gxt Ll?réne’

carhami adsat feaktyairediyigen emnb o kshpitumndcarbepetdmegouni iteludes
(a;{n_ ﬁlgéﬁltydgo%uogc?car on c%%lpgﬁrtuf {d‘}ﬁ;(? 5? \}Vﬁgh il &18 %fio%tﬂiug ne,
carbon and hydrogen, as well as a hydrochlorofluorocarbon (HCFC) compound,
wherein HFC and HCFC are common terms used to define refrigerants (see Ralph
C. Downing, Fluorocarbon Refrigerants Handbook, supra). Hydrofluorocarbon
compounds also include, however, compounds selected from the group consisting
of hydrofluoroether compounds, hydrofluoroketone compounds,
hydrofluoroaromatic =~ compounds and  hydrofluoroolefin ~ compounds.
Representative examples of hydrofluorocarbon compounds include methyl
nonafluoroisobutyl ether, methyl nonafluorobutyl ether, ethyl nonafluoroisobutyl
ether, ethyl nonafluorobutyl ether, and 3-ethoxy-1,1,1,2,3,4,4,5,5,6,6,6-
dodecafluoro-2-trifluoromethylhexane. ~ Hydrofluorocarbon compounds also
include compounds wherein one or more optional substituents therein may be

selected from one or more of bromine, chlorine and iodine.

An “ionic liquid” is an organic salt that is fluid at about 100°C or below,

as more particularly described in Science (2003) 302:792-793.

“Optionally substituted with at least one member selected from the group
consisting of”, when referring to an alkane, alkene, alkoxy, fluoroalkoxy,

perfluoroalkoxy, fluoroalkyl, perfluoroalkyl, aryl or heteroaryl group or



a) at |east one other hydrofl uorocarbon conpound; b)
at | east one fluorocarbon conpound;c) at |east one
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consi sting of Cl to CA4 straight-chain, branched or

P lnfaname I &R maft gl e SR e BL SR Bty or

fdo@r[ﬁohh@ 3019!@ 11£‘déf3§rlcféhtlﬁ Quisktitiv@d wikh, o8y nﬁ@a oNIdﬁe of\rmore
and H2; er; npri si ng[ cont act| ng
rKnbers omerﬁpa@ﬁpé a@lﬁct@ﬁ@f iSBPRtiEUtPRtg i HPT .eﬁalmecﬁ sghstituted --

exzt%r#&ﬁ]mg{' \xfﬂfc)umqiﬁt%@n' s soluble to a smaller

an’’at’ T east one ot her conponent of the
M-GF101, --6RdCHePHraat-+CigCEkle | ower - sol ubi l ity conponent
fromthe mxture. The follow ng definitional structure
is provided for certain term nology as enployed in

this spelfi]Lalion: +Abs@hkaREch A8 andFEAMRIEQARALUNG" HFC-
is a saturated hydrocarbon conpound havi ng the géneral

f lgrinefler @k 2, cmuﬂnwcarbom ashy@pqrﬂom@mamarbbnam hikdne,

or clic co "

0 K 65 PRI g GRS B RGO Th I Cae iy sases
OfiRh Ofs APArBg&Rr B8Rek ahthBerlQUbl ScbOntst ianfarBiridel dy the
strai ght-chain, branched or cyclic_conpound. An_ al kene
riEgperese ghat, AW Rghmiimchanges phase  from liquid to vapor (i.e. when it

evaporates), it removes heat from its surroundings; and when it changes phase
from vapor to liquid (i.e. when it condenses), it adds heat to its surroundings.
Refrigerant substances can also contain oxygen, or bromine, chlorine or iodine, as
described above, for example, in relation to hydrofluorocarbon and fluorocarbon

compounds.

32 <C

“Selectivity”, “separation factor” or “oC;” refers to the ratio of the infinite

activity coefficient of component i to the infinite activity coefficient of component
j where components i and j are present at an infinite degree of dilution in a
mixture, such as a mixture that contains an entrainer and is being subjected to

extractive distillation.

“Separating” or “to separate” refers to the removal of one component from
a mixture. In various embodiments, separating or to separate may refer to the
partial or complete removal of one component from the mixture. If further
purification is required, one or more additional separation steps may be required
to achieve complete removal. Such additional separation steps may include, for
example, one or more of the steps of distillation, stripping, rectification,

extraction, chromatography, and/or evaporation.

A “vacuum” is a pressure less than 1 bar but greater than 10™ bar for

practical use in equipment that is capable of performing an extractive distillation.

10
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WO p@l7 088383 benzene and conpounds t hat

two carbons. A cyclic conpound requires a m ni num of
three carbons. An "aromatic" or "aromatic conpound"

in chem cal behavior. An "azeotrope", or an

"azeotropic" or "constant boiling" mxture of two or
nore conponents, is a mxture in which the conposition
of thaheppaentihoationnelates qua proobssessepamting ehammgonemts of
substantially the sane, at a %ﬁ{l ect ed t erature or

g gestive. theth cpiigdd Ph 1?%?& oSt AT RIS DR, SoTapand
%g"d}dfﬂlgrd&l)&)ﬁ s m{pﬁmil i g%‘é%@ﬁ@@eﬁ FRIn® on%f‘hi&@meﬁ@e{"srbf the

a mxture th i ns substantial Iy constant
\@ar pr essusiséngven afft er élR(pbydoifwerdcabers, t empoynds,

T Proeblor RS GRRT | popmits. e AR Tafpoumds

%@f&ﬂu%fm&to%ed CBfipbais, boh diBBudiotioniAie aldengolfidd!de and
m’xt ures wherein theboi f p0|nts of two or nore of

thydraiblnmxh@”m somh@trr@ef dneadﬁéms dhee mlwr% ﬁ@lya@baytleastone
or | ess m xt ur.e
deortengite Setrd nEBols S R, Sherys Hoylke ' dhe other
&H dfﬁforoc&ﬂféh cafmpdurid; xn}dteeasnonﬁﬂmodahﬁ)mnhpdmgdp(eb nit 18ast
two or nore of the conmponents thereof are sep argted
mewﬂwe&aﬁed foydrasarbogsglected drom fthe B’i%}P spgsEng ef Cpfo Ca

Zstn%#@'? LRAE enrl\rﬁzlhte@ 8&%!0%%%2@1% éﬂil C{‘Iﬁi 2 ahéhg-léﬁguﬁ Brafldhed or

critica erature, e tenpetrature
aiychm dikeiasy 61) \ah i enbt ompinert ghs s;eﬂmteslulfwnah@ grouprosistbeg of N,

o), TR 53 Tl e o QoS BRxpRCipay
ocfptﬁﬁﬁﬂ%p rb%ﬁfp%sé I'bne or more additives that include without limitation

corrosion inhibitors or stabilizers.

A hydrofluorocarbon compound, as present in a mixture to be separated by
the process of this invention, while containing at least one fluorine atom and at
least one hydrogen atom, may contain any combination of those atoms in addition
to carbon atoms, and may include compounds with carbon-carbon double bonds.
Examples of HFC-hydrofluorocarbons often found in such a mixture to be
separated include trifluoromethane (HFC-23), difluoromethane (HFC-32),
pentafluoroethane (HFC-125), 1,1,2,2-tetrafluoroethane (HFC-134), 1,1,1,2-
tetrafluoroethane ~ (HFC-134a), 1,1,1-trifluvoroethane  (HFC-143a),- 1,1-
difluoroethane (HFC-1522) and fluoroethane (HFC-161). In one embodiment,
HFC-hydrofluorocarbons present in a mixture as separated by a process of this
invention may be selected from the group consisting of trifluoromethane (HFC-
23), difluoromethane (HFC-32), pentafluoroethane (HFC-125), 1,1,1,2-
tetrafluoroethane (HFC-134a), 1,1,1-trifluoroethane (HFC-143a) and 1,1-
difluoroethane (HFC-152a).
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an azeotropic or constant- or close-boiling m xture,
in a process such as extractive distillation, where

w0 b@7@s836Ri ner i nteracts selectively with (butPdDES2000037137

chem cally react with) one or nore of the individual
conmpongn he ,m x 7 Ext [ IstillatiqQn.

o a degpitshitasietifund; S pRG 1Ep b bk Appraged
thy BProdERAfTBP iitvedtios,onsilcdntaining it dsst tiod flucrinendtorhiang at
to ald in the separation. of the conponents thereqf QX
Jeashene PhlgpngaomT EYSoPtaRE ARY Combiaplen of thapeipmydp gddition

W LB R YhorHO Sid ol iﬁ@lﬁﬁé €8 Fud BaFSH Wirb&-c486n A6uBIBb8nds.

conponents Wi t e mxture. A uorinated ionic
| Bxquaipdes ofschimoflwrocarbangenntpdvads Hgt ataylbedetndimesuch a mixture

fluorine on ejther. the cat,i ol..t he api on, . A
Ap1 L PRy | PGy - PERBr AT agh: (GG 1Y) ‘and
Qﬁidr%br@gﬂ@meg&m(@p@qqts')_vel y, conprising at |east one
fluorine atom A "fluorocarbon conpound” is a conpound

conprising fluorine and carbon, but not hydrogen. A

fluorocarbhon,conpound i ncl udes an FCfl rocarb
ComounfCRGbeb At BB fsptABliOfF o Mkre, o be

GRpaard B5a WeddesAST this Mvehodd, WoKiQe asiginingCQast one fluorine
conmpound, wherein FC and CFC are common terns used to:
ipng least prydremnasatpand at dsaseonenideoseRafqp, Teay contain any
i . F -Re i t , .
PR o, N B ELALE1 0, S0 At g ey i
Fougronads beithc aayondsbonl sdovbiec| bolels. howeviar , example of a

SOy S ech SOl 0T Lo, 8 SUP JEOREATEA L i o be
fdeHALRANAIRALs Chiopt R ARG EmeaRHe (HOPCO) ef m conpounds.
FI uor ocar bon
A fluorocarbon compound, as present in a mixture to be separated by a
process of this invention, may have any combination of fluorine and carbon
atoms, and may include compounds with carbon-carbon double bonds. Examples
of fluorocarbon compounds that may be found in such a mixture to be separated
include  perfluoromethane  (FC-14), perfluoroethane  (FC-116), and
perfluoropropane (FC-218).

Non-fluorinated hydrocarbon compounds that may be found in such a
mixture to be separated include methane, ethane, ethylene, propane, cyclopropane,

propylene, butane and isobutane.

A process of this invention may be employed, for example, to separate
reclaimed mixtures of refrigerant gases to recover the individual component gases
for subsequent reformulation. An azeotropic or constant-boiling mixture of
refrigerant gases that is commonly encountered is a mixture of difluoromethane
(HFC-32), pentafluoroethane (HFC-125) and 1,1,1,2-tetrafluoroethane (HFC-
134a), as described in U.S. Patent 5,709,092, and such a mixture could be

12
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conmpounds al so i nclude conpounds wherein one or nore
opti onal substituents therein may be selected from one

woroomossedf brom ne, chlorine and iodine. A "hedDyswb6/037137

is bromne, iodine, chlorine or fluorine. A

n n H '. t'

RS o300 B n AU RING 5 ELEEARRA™ ot
aypaiof unetieé that edukdiibgl advahtigeopkly sgpatated by apomatsi of this

conpound. A."hydrofl uorocarhon conpound' is a conpoun
SR8 1 & i i a1 ABe SE MR TP A AP aEh bR AP AR e os

ﬁlaﬁ%%‘f whidly e Yrinky R6AhERM: GRERWE it J3ch WH@Sx#kn.  Particular

FC- hydr of | uor ocar bon” conpound ("HFC"), which consists
guixgirgs of refrigeranheasesaicbvhichnthehpmdcergeot, thas imshtiomgnay be

A REseay cenp bR R PR pm OHa R o arpiegRs i grow

(asstisd ¢ C. Downi ng, Fl uorocarbon Refrigerants
Handbook, supra). dr of | uor ocar bon conpounds al so
i ncl ud®, hdWever and 4AYs sel ected fromthe group

consi s(itii'zng Igﬁ(gﬁ&graﬁﬁﬁfi@-i) at]er conpounds,

hydr of 1'uor oket one "conpounds; hydrof | uoroaromatic
conpoufiiths aMECI2ANAHREGE 434, ef m conpounds.

Represent ative exanples, of hydrofl uorocarbon conpounds
i ncl udév)net -Ii8A8f Fi6rbsobut yl et her, net hyl

nonaf | yor obiytylsoel,RefrC-e84y kngonaf | uor oi sobutyl et her,
et hyl nonafluorobutyl ether, and 3-ethoxy-I,

1,1, 2,@)4, .CBCH 26 a6d BFC-134a.
dodecaf |l uoro-2-trifluoronetiiyl hexane.
Hydr of | uor ocar bon conpounds al so

Tonic liquids are organic compounds that are liquid at room temperature
(approximately 25°C). They differ from most salts in that they have very low
melting points, and they tend to be liquid over a wide temperature range. Many of
them are not soluble in non-polar hydrocarbons; are immiscible with water,
depending on the anion; and many of them are highly ionizing (but have a low
dielectric strength). Ionic liquids have essentially no vapor pressure, most are air
and water stable, and they can either be neutral, acidic or basic. The properties of
an ionic liquid can be tailored by varying the cation and anion. A cation or anion
of an ionic liquid of the invention can in principle be any cation or anion such that
the cation and anion together form an organic salt that is liquid at or below about
100 °C.

Many ionic liquids are formed by reacting a nitrogen-containing
heterocyclic ring, preferably a heteroaromatic ring, with an alkylating agent (for
example, an alkyl halide) to form a quaternary. ammonium salt, and performing
ion exchange or other suitable reactions with various Lewis acids or their
conjugate bases to form the ionic liquid. Examples of suitable heteroaromatic
rings include substituted pyridines, imidazole, substituted imidazole, pyrrole and

substituted pyrroles. These rings can be alkylated with virtually any straight,

13
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an organic salt that is fluid at about 100C or bel ow,

S r artic described 0
BRuB6S PRk 2 ik ED5R R b b6 Bl g, arg €1
RORBe! sifed g@hﬁﬂlafr%@ Mhdr i Omey praiups iet ndtigg solids edther than
referring to an kane, al kene, .al koxy, fl ugroal koxy

p@mmlmr al k%quftnaWAMleynes é@P?"hﬁF@r%’él RYpAic a&flwond-‘rychc

%g s?tftg %{gr%oﬁﬂgbeéﬂa 3 foPadis gﬂ?pcﬁé " fterions
roge s on e car ain o the gro conpoun
nhyt ey itedesed ncielitle )chmm;lumimtee dormmbhulutmmtc;r gzdbmm @ifloride,

one or re nenbers he specifie cti.on
§Et5%q‘%°fc31%é"ﬁ?as Fé‘i’tm&g{&’ OLaic,g su5‘§1‘? °~P}}ate@2H nitrate,

| %ﬁH&oﬁRYhanW t hogﬁlféﬂa[@ tat i ashigiifolhte2 CF3, p-1&hbréGiiesdake,

A "refrigerant” s a subst ance such as
a’cwxﬁﬂildrme;matebon anh$a@nowparsthater ocar bdeirachloroaluminate,

chl aqr of | uor ocar baon hy. hIoroquorocarb
e ae P ) RPEHAP oo RS R iR Ry Bnion, ron
&Hﬁﬁlﬁhée aidh,0aRc Bchldride a@lonPhNREll gasasosUaithasum, potassium,
hydr ogen, oxygen, nitrogen and argon, that is

dihiugs nigkel eebally mapgansse @@@ piher mgfal-cpaming 2iepsnges
phase fromliquid to vapor (i.e. when it evaporates),

it renoves heat fromits surroundi ngs; and when it

chang eISni@Hamiadsf maynalsapersyhihesizefubyl s{li netathdsesn by tan acid-base
condens it .adds h@gt to its surrOlIlg

RAHAGEIART TEGHER ARl cOPEPLIE dht SHFHShy pgerontaining

braPontd; SR bRy RSy BE ob@fedRom@Rercially from several companies such
as Merck (Darmstadt, Germany) or BASF (Mount Olive, NJ).

Representative examples of useful ionic liquids are described in sources
such as J. Chem. Tech. Biotechnol., 68:351-356 (1997); Chem. Ind., 68:249-263
(1996); J. Phys. Condensed Matter, 5: (supp 34B):B99-B106 (1993); Chemical
and Engineering News, Mar. 30, 1998, 32-37; J. Mater. Chem., 8:2627-2636
(1998); Chem. Rev., 99:2071-2084 (1999); and WO 05/113,702 (and references
therein cited). In one embodiment, a library, i.e. a combinatorial library, of ionic
liquids may be prepared, for example, by preparing various alkyl derivatives of
the quaternary ammonium cation, and varying the associated anions. The acidity
of the ionic liquids can be adjusted by varying the molar equivalents and type and

combinations of Lewis acids.

Among the ionic liquids that are suitable for use herein to enhance the
separation of components in an azeotropic, constant-boiling or close-boiling
mixture are those that are capable of absorbing a hydrofluorocarbon,
fluorocarbon,  chlorofluorocarbon,  hydrochlorofluorocarbon,  fluoroether,

fluoroketone, fluoroaromatic, or fluoroolefin compound, or an inert gas, a non-

14



descri bed above, for exanple, in relation to
hydr of | uor ocar bon and fl uorocar bon conpounds.

WO Seess3pyi ty", "separation factor” or "Cj" re€¢PUS2000037137
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g&%gzﬁ ﬁﬁnyfh‘ot og%plge innf Iléngdé:]o Swa%I vi Elé(allgr ‘tec]( Maging 2%; sgéaration

ithd i0aid BqEe gnaad @ﬁvd?iﬂllshiﬁdtlﬁ}ﬂobvﬁr §olﬁb11it}Udir&l dlﬁﬁl@lhltﬁ?fomt least
m xture that contains an entrainer and is b

B cRBPERPNE of g mpixpre then dorcthe pihst ?%pones@é& élifi Hiitugy
"to separate” refers to the renoval of one conponent
froma mxture. In various enbodi nents, separating or

t 0 sefanat emaginieaf of thivinvhetiqna Iidrii(aliqlnids sw'mbleefoe use therein
renoval of one co ent, f onit m xture.

Aarinds thass %arYni%caitﬁ’ga BP%?&be% ﬁ%nea% A %nf‘a%fdinﬂ”e ?ifaii{ Blfhwing
SERANALI on steps may be required to achieve conplete
renoval . Such additional separation steps nmay include,

for exanple, one or nore of the steps of distillation,
stri pping, rectification, extraction, chronmatography,
and/ or evaporation. A "vacuum is a pressure |ess than

1 bar byt greater than 10 4 bar for practigal use in
equi pnrent that is capable of perform ng anjextractive

drSti |l Lati onpPhe present invention rrBate 0 aR®

pr oCgsE separating the conponents O ture
t hat | Ns at | east one hydrofluoroc. onpound.
ng p ugy ocar bon conpound may seheetMd from
0 or Nore m¥hbers of the group conB stiny of
HFC—hydéQfluorocarbon compounds, R

Pyridinium Pyridazinium

R3 R3
|
R% _R4 R2 R*
O )6

R™ °N R® R N R®
Pyrimidinium Pyrazinium
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hydr ochl or of | uor ocar bon conpounds, hydrof | uor oet her
conpounds, hydrofl uoroket one conpounds,

whyarosdsedr oar omat i ¢ conpounds, and hydr of | uor pOT/E82006/037137
conmpounds. hi addition, the m xture contains at |east
one cpnponent sel ected fromthe group consisting of
(1) R{ | east Rohe ot her hydr of | uor ocar bon conpound; (2)
at | east on€ fluorocarbon compound; (3) at |east one

non- f | yet™at ed hydr ocarbon sel ected f7om t he group
consi @ Cl to &4 straight-chai anched or
8t aLkahes-gid Cl to C4 straight-thain, branched

or cycligq al kenes; (4) at |east one inert gas sel ected
fromthe lgroup consisting of N2, 2, CO2, CO NH3, Ar
and H2; @& (5) water hi addition, the mixture may
optionally conprise one or nore additives that include
wi t hout IRfi tati oR&orrosion inhibitors or

stabilizer A hydr of | uor ocar bon conpound, as present
in a mxtur be separated by the process of this

i nventi on, Ll e\containing at |east one fluorine atom
and at s ongNwdrqgen atom may contain any

combi nB’i on hoseMatons in addition to carbon
atons, and may| i ncl ude conpounds wi th carbon-carbon
doubl e bonds. anpl es of HFC hydrofl uorocarbons often
found in such m xture to be separated include
trifluoronethane (HFC 23), difluoronethane (HFC- 32),
pent af | uor oet hane (HFC- 125), 1,1, 2, 2-tetrafl uoroethane
(HFC-134), 1,1,1,2- tetrafluoroethane (HFC 134a),

1,1, 1-trifluoroethane (HFC 143a), 1, 1-

5
Imidazolium Pyrazolium
R* R’
/
N
AN, ®)
R S R
R* R,
/
N
* )\
3 2
R 0 R
10
Thiazolium Oxazolium
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may be selected fromthe group consisting of
trifluoromethape (HFC 23), difluoronethane (HFC 32),
pent af | uor oefwane (HFC- 125)1 1,1,1, 2-

tetraf ¢t hane (HFC-134a), 1,1,1-trifl uoroethane
(HFC- 1 and 1, 1- difluoroethane (HFC-1 52a). A

chl or g carbon conpound, as present in a mxture
tR4 ypatedply a process of this invention, while
containiyg at | east one fluorine atomand at | east one

chlorine latom nay contain any conbination of those

at ons inFéﬁdition to carbon atons, and may i ncl ude

conpounds with carbon-carbon doubl e bonds. Exanpl es of

chl or of | uorocar bon conpounds that may be found in such
L xture to be separated include -

g?%kP%@%difluoronethane (CFC-12) and

chl or opent af | uor oet hane (CFC-1 15). A

hydr ochl or of | uor ocar bon conpound, as present in a

m xture to be separated by a process of this

invention, while containing at |east one fluorine

atom at |east one chlorine atomand at |east one

hydrogen atom may contain any conbi nati on of those

atons in addition to carbon atons, and may incl ude

conpounds W th carbon-carbon doubl e bonds. An exanpl e

of a hypﬂbchlorofluorocarbon conpound Eﬁat may be

found ip such a mxture to be separat el i ncl udes
chl or od (buor%ﬁethane ( HCFC- 22) .
RS- p=— R and R10_— N®— RS
R® R
Phosphonium Ammonium

wherein R, R% R?, R*, R’ and R® are each independently selected from the group
consisting of:

®» K

(i)  halogen;

(iii) -CHs, -C;Hs, or C; to Cys straight-chain, branched or cyclic
alkane or alkene, optionally substituted with at least one
member selected from the group consisting of CL, Br, F, 1,
OH, NH; and SH;

(iv)  -CHs, -C;Hs, or Cs to Cys straight-chain, branched or cyclic
alkane or alkene comprising one to three heteroatoms
selected from the group consisting of O, N, Si and S, and
optionally substituted with at least one member selected

from the group consisting of Cl, Br, F, I, OH, NH; and SH;
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A fluorocarbon conpound, as present in a mxture to be
separated by a process of this invention, may have any
andP@EYS2006/037137
i ncl ude conmpounds wi th carbon-carbon doubl e bonds.

Exanpl es of,_§!| ugsocarbon ¢ ound h e .
in such a rﬁ’it u:‘:tl:@ foo Cg% ug%l%gﬁ%l e@diﬁyifc%ggat ¥ &5 [iRttiiuted
per f | uor omet haneeldréarihavife bht wotiget hareoafdrhs indefgndently
and perfl uoropropane (FC- 218). Non-fl uorj nated

hydr ocar bon cony§lgaied iioﬁafherﬁwpd@nﬁléﬂi*&iof‘ﬁ» NyRipng S; and
m xture to S ed éﬂdﬁ.!, aneg 2

et hyl ene, pg?lgpaﬁgjt%?ﬁ gg?@ﬁane,ﬂg gﬁ)fﬁe%ﬁg? Etﬁ%%}éetgr?glryl
i sobut ane. A prdmefss ofie tidithre netarbitomsnaefendently selected

enpl oyed, for ex le, to separate_.re I med, m xtures

of refrigerant ﬁ@géhet%ome bq?‘mgﬂgbrﬁld&/. I

CRNRARSRH sHRSRStel Ayl SHRFRANE @b Y M sk 8 thrésubstituents
azeotropic or const'ant-boiling mxture of refrigerant
gadapsnddudlly selscted froomthg geovpoensistiegiof: s a mi xt ure of

di fl uor onet hane (HEC , t af luqr get hane FC- 12
and 1,1,1,2-tetrafl ud?%%t harie” PHEE-©1 35%?1g1§é—c am’]brga(;hed

described in U S. Pat@ngychic 741Rar398:; akRfle,Sisttonallyn substiteted
coul d beadvant ageously processed for_ separatjon
according to this invEitt@bleastionstmenbenselecksd Hpmy theegroup
that coul d be advant a&%?igﬁllgﬁlo PRL & £OHRWAE, HLggss of
this invention is a mxture of o6n€ or nore 2r%rlg’erant
gases with a contadi n@Hf such as air, of which the

pri mary conponent gaggﬁ arfe1 ni trogen and oxygen.

Particul ar m xtures- Pt i gerant gases to which the
process of this invengjrogyqay be

wherein R, RS, R®, and R'® are each independently selected from the group
consisting of:

(vii)  -CHa, -CHs, or Cs to Css straight-chain, branched or cyclic
alkane or alkene, optionally substituted with at least one
member selected from the group consisting of Cl, Br, F, I,
OH, NH; and SH;

(viii) -CHas, -C;Hs, or Cs to Cys straight-chain, branched or cyclic
alkane or alkene comprising one to three heteroatoms
selected from the group consisting of O, N, Si and S, and
optionally substituted with at least one member selected
from the group consisting of Cl, Br, F, I, OH, NH; and SH;

(ix) Cg to Cys unsubstituted aryl, or C; to C,s unsubstituted
heteroaryl having one to three heteroatoms independently
selected from the group consisting of O, N, Si and S; and

(x) Cs to Cy5 substituted aryl, or C; to Cys substituted heteroaryi
having one to three heteroatoms independently selected

from the group consisting of O, N, Si and S;
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advant ageously applied to effect separation include
one or nore of the group consisting of: (i) HFC 32 and

WoR©G702863 (i 1) HFC- 125 and HFC-143a, (iii) HFCGrERUSI0d6/037137

10

15

20

25

30

HFC-143a, (iv) CFC-1 15 and HFC-125. (v) HFG 32 and

F\!\E}greég é’%ﬁ s@g Q.ltlgt%a rydi:z%\#%ﬁtu?eﬁ%ﬁ'ff%&géa% onE %‘ lcﬁ}eé éu%yﬁtqénts

tlﬁ(ﬁ@eﬁdiﬁtl&@el(eaﬁ@ lﬁ@lﬂ ﬂiatgedqp c%ﬁﬁiﬁi)ng dihey di f f er from

nost salts in that t have ver | ow el ti poi
and they tend to bE) I‘ﬁé’b dCblse pr 3\/de%zst5gﬁl§ggghalgqgranched

range. Many of them e ﬁg{s aﬁﬁéﬂéb&e ahggn@og,et g{, substltuted

hydrocarbons; are immiscible wth water

the anion; and many o#ith Ia‘emasa;rcmehngmbgr se&mtqll fngn(b‘twtgroup
havealowdlelectrlc stren [

essentially no vapor ¥F @Eﬁg%tj&ngg’ %haﬁﬁ @igﬁét er
stable, and they cgp @it her be neutral acidic or

basi c. The propertieés of an ionic Iqu|d can be

tailored by varyi n@ﬁmﬁz,e@il on and anion. A cation or
anion of an ionic d o the invention can in

princi pl e be any cgjf)o%fﬁ anl on such that the cation
apkkréini opfiohs1Beithesst @b mfaad P, RNRS, RYIRS Rha®, RS, andomi®cban

at or bel ow about 100 C.
together form a cyclic or bicyclic alkanyl or alkenyl group.

In another embodiment, ionic liquids suitable for use herein include those
having fluorinated cations wherein at least one member selected from R, R% R,

R* R’, RS, R7, R8 R® and R', as described above, comprises F.

In yet another embodiment, ionic liquids suitable for use herein comprise
anions selected from the group consisting of [CH3CO,]", [HSO4]’, [CH30S0s],
[CHs0SO0s1, [AICL], [COs]*, [HCOs], [NO.J, [NOs], [SOs*, [POJ,
[HPO4]2', [H,PO4], [HSOs], [CuCl], CI, Br, I, SCN’; and preferably any
fluorinated anion.  Fluorinated anions suitable for use herein include [BF4],
[PFs], [SbFs], [CF3S0s]", [HCF,CF.SOs], [CF:HFCCF,SO0s]", [HCCIFCF2SOs],
[(CF3S02)2NT, [(CF;CF,S0,):NT, [(CF:SO2)5CT, [CF5CO.T,
[CF;OCFHCF,SOs], | [CF3CF,OCFHCF;S0s], [CF3CFHOCF:CF,S0s],
[CF,HCF,0CF,CF,S0s5], [CFICF,0OCF,CF,803], [CF3CF,OCF;CF2S0s],
[(CF,HCF3S0,),N], [(CFsCFHCF2SO,),N]; and F. In yet another
embodiment, ionic liquids suitable for use herein comprise a cation selected from
the group consisting of pyridinium, pyridazinium, pyrimidinium, pyrazinium,
imidazolium, pyrazolium, thiazolium, oxazolium, triazolium, phosphonium, and
ammonium ions, as described above; and an anion selected from the group
consisting of [CH3COz]", [HSO,], [CH;0S05], [CoHs0SO0s], [AICL], [COsT%,
[HCOs], [NO.I, [NOs], [SO4%, [POs]%, [HPO,T”, [H,POLT, [HSOs], [CuCl],

Cl, Br, I, SCN’; and any fluorinated anion. In yet another embodiment, ionic
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wheaenssssdmat i ¢ ring,

Many ionic liquids are forned by reacting a
ni trogen-contai ning heterocyclic ring, preferably a
with an al kyl ati ng agent PCT/082006/037137
exanpl e, an alkyl halide) to forma quaternary

i I o] [ h I
IR PR, o TR BRER (M PP MG ) 156 enou

eonjistiat & papEuing pihdaitite, pymnﬁinhmmu pgiraziﬁxmnpinﬁﬂazmﬁmm
suitahle het eroaromati ¢ rings j.nclu ubsti t ut ed

FyFazalipas thipzalams opzolyBs tHazQlwy, PRPIRLBIVEL Hid Apmenium
W&?sﬁ%y %&aﬁblépea%wr r ke %nmg%ae&e& Iﬁéme %ﬁo@l &»}ﬂsﬁhﬁg of

vi rtual stral ranche cyclic
dBEyll, gfRdup, tD&bFsﬂ)r ef[@FaSm)ﬁ t[ﬁEECIE},SO;j;OL{@sHF@CFZSOﬂ

ek R RS0, BEF TR N R, femicon

Y@F&@QPHUFE@@M* phoq@hgm@cﬁﬁmsw{sr S a[m@mom@mbog

non-cyclic uat er nar anmoni um sal | so been

USEHEBOCT z@@x]poséCFﬁ@E@QFz%§Oehat [@WE@Q&Q&SOQ

i I al umnate, gallium
é@&?&?@%ﬁﬁw gﬁﬁ?ﬁ%@?@é%ﬂﬁ efr rcg%hl or obor at e,
hexaf | uor ophosphate, nitrate, trifluoronethane

sul fonate, nethyl sul fonate, p-toluenesulfonate,
hexat | Bc¥¥atnothes arbo dimatalonisolBHds wHkgbls for use herein have a

tcﬁh&ﬁ%\%l&!t&f" naLe. gﬁoﬁgr QBEpDa! %”g?@ﬁﬁo“ yridazinium,

per chl orate rOXId I on, copper anlon

: ipymmmﬂmimin,l tpyraztmmn; anudazohmm; rpiycdzbbvmgl ehimzaolony, @xazohum

Bt opeee HOmOTRBRT TR L URCHPR A raRen

l1eRtk Gnb i HShES 86t SOnPERSYRA SRR DROSRI IRE, R®, and R'
met at hesi s, by an aci d- base neutral i zation reaction or
tpmpuiseeFni zandgam anieh seleeied rfram dlege Brovp reoasisiing) of [CHsCO,],

[HSO4], [CH30805], [C;Hs0SOsT, [AICL]T, [COs]*, [HCOs], [NO.J, [NOs],
[SO41%, [PO4TY, [HPOLT*, [HoPO4], [HSOs], [CuCly], CI', Br, I, SCN'; and any
fluorinated anion. In still another embodiment, ionic liquids suitable for use
herein have a cation selected from the group consisting of pyridinium,
pyridazinium, pyrimidinium, pyrazinium, imidazolium, pyrazolium, thiazolium,
oxazolium, triazolium, phosphonium, and ammonium ions, as described above,
wherein at least one member selected from RI, Rz, R’ , R4, R® , R® R7, R8, R9, and
R comprises F; and an anion selected from the group consisting of [BF4],
[PFs]", [SbFe], [CF3SOs], [HCF,CF,S0s]", [CFsHFCCF,S0s]", [HCCIFCF,SOs],
[(CF3S0,).NT, [(CF3CF2S0,),NT, [(CF3S0,):CT, [CF3CO.Y,
[CF3OCFHCF2S0s], [CF3CF,OCFHCF,S05], [CF3;CFHOCEF,CF,S0s],
[CFHCF,0OCF,CF2S0s3},  [CFICF,0CF,CF,S0s],  [CF3CF,OCF,CF,SOs],
[(CF,HCF,S0,):NT, [(CF3;CFHCF,SO,),NT, and F".

In still another embodiment, ionic liquids suitable for use in a separation

process of this invention include those comprising:
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conmpound; or they may be obtained commercially from
several conpani es such as Merck (Darnstadt, Gernmany)

wWor0BASB6X Mount A ive, NJ). Representative exap@l/ES2008/037137

useful ionic liquids are described in sources such as

J Chem) Tﬁ&iﬁzolﬁh@taﬁcﬂiéoéatloﬁs aﬁélemg%l@loﬁ 1Q%6ed §BEMhe group
I nd., .68:249-263 199&%9 % Condensed Matter, %r
B) . [GhBehi

(“Esisting ) oBoolHkbe ( ,callCESD:Engi HBEFiGRySOsT,

A hgrgé%é%iggzﬁ%cﬁéﬁﬁ%%\/ N@B%%&zoai@%%oﬂmﬁ

IGGFMM’-LB[UIQE%?M [(H‘EGCFH‘CESG)H‘%" e[®F3@Fz©¢FHdP3803]

RrRalt e T e AR e e AN ”Ziéﬁggé@é@rcaﬁﬁoa]
PCERREIOGrXALS0US Al KY(CARIGMBDLNRE, Of ! RETQUAIBRIEN,NT,

ammoni um cation, ‘and varying t oci a ani ons
TRELQSQHI 1y of the |on| c liquids can be adjusted by

t nd t d
Combi rok 19 o e e i heatom aion glgciad fiom
tthat gt Sdfisisahl Soff PBELS e[HIET e'[QbFéP %F?S@ﬁ tECF,CF,S04],

separation of conponents in an azeot ropic

SHERCFpP1li ng BECH S8 Mnbi | |[|6@F3ﬁ09bzm]e al €F’:0085%0,),NT,
t b fl .
st ciapafiiecely <bsesthpprly6ho! | HOER82 ilcr.so.

EW@EHD@E@CFM@;a][[FJchF%coK?szseg], g [@m@kﬁ@ﬂeﬁzsoﬂ
o or uQr ool erm conpoun or an 1 ner
ggg é%WGgQ?]négdH@@?%%&(p 02N nat er .
I deal I 1; [
g, iRofust A @qmezdlﬁﬂ} ad i %ﬁ’ L Gnft bflhfbn selected

shoul d have ower so
didrh dke¢ graup dopsisting bEHRF.] 0 iRF G0 mg‘entcmsome[m%wa@og]

eRFEERSS 0" " ERTIOREN. S Ch.SIENT. X! Hckcr.s0mT,
[(CF3SO2):CT, and [CFsCO,], [CFs0CFHCF,S0s], [CF;CF,OCFHCF,SO;],
[CF;CFHOCFCF:S805], [CF,HCF,0CF,CF,S05], [CF,ICF,0CF,CF,S0;],
[CF3CF,0CF,CF,S0;], [(CF.HCF,80,),NT, [(CF;CFHCE,S0,),NT;

d) 1-ethyl-3-methylimidazolium as the cation, and [(CF3CF,S0,),NT,
[PFs]", and [HCF,CF,SOs]" as the anion;

e)‘ 1-propyl-3-methylpyridinium as the cation, and an anion selected froin
the group conmsisting of [BF.], [PFs], [SbFs], [CFiSOsl, [HCF,CF,SOs],
[CFsHFCCF,S0s],  [HCCIFCF,SOs],  [(CF3SO.),N],  [(CFsCF,SO,),NT,
[(CF380,)3C], and [CF3;CO,J, [CF;OCFHCF,SOs], [CF;CF,0CFHCF,SOs],
[CF3CFHOCF,CF,SO0s], [CFZHCFZOCF'ZCFZSOJ, [CF.ICF,OCF,CF,S0s],
[CF3CF,0CF,CF,280;], [(CF.HCF,S0,),NT, [(CF;CFHCF,S0,)NT ;-

f) 1,2-dimethyl-3-propylimidazolium as the cation, and an anion selected
from the group consisting of [(CF3S0,);C] and [(CF3S0,):N];

g) 3-methyl-1-propylpyridinium as the cation, and [(CF3S80,),NT] as the

anion;
h) 1-butyl-3-methylpyridinium as the cation, and [(CF3S0,),N] as the

anion;
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In one enbodi nent of this invention, ionic |liquids
suitable for use therein include those having cations

walewcisdsesl generally by one or nore of the fol POMUIRZY06/037137
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formul ae Pyridi ni um Pyridazini um Pyrim'di ni um

Pyrazi; 23%' a%éﬁ%hh‘é A 'a%/\fﬂlHClFﬁC%ng,]' as

Oxazol'i umrla oI|u oni um n I um
RBe aitdn; R4, R5 and R6 are each i ndependent |y sel ect ed

(10 Y o atge it Giriest che Hagifn. brh OISO as
bpangipgd or cyclic al kane or aI kene, optionally

substituted with at | east one nenber selected fromthe
gr oup lHotsradeeylgrindxyDbhosBhonifm |, @H, N#Z andc8kn, (i v)and

R R T P AL >

het er ogt @rﬁ'&tf’l@ﬂeﬁ'ﬁd&?l)ﬁﬁd@ dri@n Gk QHY &3S sl 0B, FFCEF,SOs]
N, Si and S, and op |ona ly substituted with at | east

asdhoretiper sel ect ed

m) 1,3-dioctylimidazolium or 1-octyl-3-methylimidazolium as the cation,

and [I]” as the anion.

Other cations suitable as part of an ionic liquid as used herein include
1,2- dimethylpyridinium, 1- methyl—Z—ethylpxridinium, 1-methyl-2-ethyl-6-
methylpyridinium, N-methylpyridinium, 1-butyl-2-methylpyridinium, 1-butyl-2-
ethylpyridinium, 1-butyl-2-ethyl-6-methylpyridinium, N-butylpyridinium, 1-
butyl- 4-methylpyridinium, 1 ,3-dimethylimidaiolium, 1, 2,3-
trimethylimidazolium, '
1- n- butyl-3-methylimidazolium, 1,3,4,5-tetramethylimidazolium,
1,3,4- trimethylimidazolium, 2,3-dimethylimidazolium, 1-butyl-2,3-
dimethylimidazolium, 3,4-dimethylimidazolium, 2-ethyl-3,4-
dimethylimidazolium, 3-methyl-2- ethylimidazol, 3-butyl-1- methylimidazolium,
3-butyl-1-ethylimidazolium, 3- butyl-1,2- dimethylimidazolium, 1,3-di-n-
Butylimidazolium,
3-butyl-1,4, 5- trimethylimidazolium, 3-butyl-1,4-dimethylimidazolium, 3-butyl-
2- methylimidazolium, 1,3-dibutyl-2-methylimidazolium, 3-butyl-4-
methylimidazolium,  3-butyl-2-ethyl-4-methylimidazolium and  3-butyl-2-
ethylimidazolium, 1-methyl-3- octylimidazolium and 1-decyl-3-

methylimidazolium ions.

As the process of this invention is used for the purpose of separating a
hydrofluorocarbon compound from the other components in a mixture in which it
is contained, ionic liquids that are suitable for use for such purpose will include

those that are capable of absorbing one or more components of such mixture to a
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wWa@Ie@aose3ss ut ed het er oaryl

fromthe group consisting of d, Br, F, I, O4 NH and
SH; (v) C6 to C20 unsubstituted aryl, or C3 to C25

( havi ng one to three PCT/US2006/037137
het er oat ons | ndependent ly sel ect ed from the group

sistl N, S
SR e s Doy nhsorto PR X w R sobinbafls iy etuce ope or
Rt NhyaRluogodatioRe &tﬁﬁ@mag ormldydrde@emgémhlpramoecmaﬂnbn
fromthe group consisting of O _N Si and S;
S flsamsther.u edofrgrpkepnss fydreiueraaionatie s am@:? Hhiosootefin
ﬁl%p[)ﬁ)n(f &S $i HBI?IQ sﬁ%ﬁ#ﬂé ﬁ){ hied %Egﬂg ﬁ%)loéle §ie§e$§1taﬁﬁ’g fdrh‘ﬁmure

€ group consi’s C3to
&bm@bgehﬁ - hdbmresail nmimﬁtedlose haymgua:czaidnasméecmd ﬁrbmeﬂne group

optionally substituted wi.th at. t
SRR PEIEHE: Y% m&‘&msmffl ﬁa?logi?’fag%fm pnjidazafium,

gg&z%gﬁ&nsﬂuagohu%' odizoiR, tréRdlidm, PhbsphbBiuh)edl Bmtbnium

are each indep endentlﬁ sel ected from
tibwes, g5 desoribethsbastei nip af em‘(mdlm)ent mthlc @zngcturg compoRgt 1s a

PRl s aoB S TP e B, e i Epag of FFC-23,

HFC-32, HFC-125, HFC-134, HFC-134a, I-IFC 143a, HFC- 152a, HFC-161,
HCFC-22, and a hydrofluoroether, hydrofluoroketone, hydrofluoroaromatic and

hydrofluoroolefin compound, ionic liquids suitable for use for the purpose of
separating a mixture component as aforesaid include those having a cation
selected from the group consisting of pyridinium, pyridazinium, pyrimidinium,
pyrazinium, imidazolium, pyrazolium, thiazolium, oxazolium, triazolium,

phosphonium, and ammonium ions, as described above.

In an embodiment in which a mixture component is a hydrofluorocarbon
compound selected from the group consisting of HFC-23, HFC-32, HFC-125,
HFC-134, HFC-134a, HFC-143a, HFC-152a, HFC-161, HCFC-22, and a
hydrofluoroether, hydrofluoroketone, hydrofluoroaromatic and hydrofluoroolefin
compound, ionic liquids suitable for use for the purpose of separating a mixture
component as aforesaid also include those selected from the group consisting of:

a) an ionic liquid having a cation selected from the group consisting
of pyridinium, pyridazinium, pyrimidinium, pyrazinium, imidazolium,
pyrazolium, thiazolium, oxazolium, triazolium, phosphonium, and ammonium
ions, having R! through R'? independently selected as described above;

b) an ionic liquid having a cation selected from the group consisting
of pyridinium, pyridazinium, pyrimidinium, pyrazinium, imidazolium,
pyrazolium, thiazolium, oxazolium, triazolium, phosphonium, and ammonium
ions, having R' through R'® independently selected as described above wherein at

least one member selected from R! through R'® comprises fluorine;
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menber selected fromthe group consisting of C, Br,
F, I, OH NH2 and SH, (viii) -CH3, -C2H5, or C3 to C25

W@ R00ai0gg363 chai n, branched or cyclic al kane or BCRES®06/037137
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conprising one to three heteroatons selected from the
group ¢ onsi st . [

substi?ute vmmﬁ% 1gc{m@é%\ls¥{lg gr? S%r:rlg n%mg[g grloglgghg ?"lrlﬂo?ﬁ’nsﬁtmg
gfoupyidinsnst | pgidakingim, Blpyrilﬁidlhl,una-l, peiZnmng Shhidéiotium,
C6 to C25 unsubstltute to C25 .
URERASS, (s HE e pERzP M iweg}u@n PhORPhofRy and ammonium

heheRFHRR! 'tlﬁgﬁﬁ? Ra® mdeﬂerﬁl%ht%‘: ts@l@c(:tfeé)i o &eBﬁllﬁHoéb‘%ve and

consi st % o)
shayatg amltwd)rasgllbcte@rfrcm th@ gﬁz@p ssobsstuthDédCHeC@abaEH$O4]

OB T oaHsIa A, dR G o T A EP AR SRRl ST

S@b}f%u d)}]ht e, 10,1 [cp{scwbgt:hwq edcheBer aar §ENhasnd any
one to three substituents in ependently sel ected from
tﬂl@@ﬂ@d@nmnmstlng of: (1) -CH3, -C2H5, or C3 to C25

trai h
opt +orl 7 B LR CPEAR S kel B Redhod EiMRting of
@rﬁﬁmm byadazidiemg pormidioing, yramniomh, GhidaBoliuk, pyrazolium,

OH, 2.and SH, (2) i . . 1
thiazolium, oxazolium, triazolium, phosphonium, and ammonium ions, having R

through R'® independently selected as described above; and having an anion
selected from the group conmsisting of [BF4], [PFs], [SbFs], [CF3SOs],
[HCF,CF,S0s], [CFsHFCCF,S0s],  [HCCIFCF,SOs], [(CF3S0;),NT,

[(CF3CF2S0,),NT,[(CF3S02)sCT, [CF5CO.], [CF;0CFHCF2S05],
[CFsCF,OCFHCF,S0s], [CFsCFHOCF,CF,SOs], [CFHCF,OCF,CF,S0s],
[CE,ICF,0CF,CF,80s],  [CF:CR0CF,CE,S0s],  [(CFHCF;SO,):NT,

[(CF3sCFHCF2SO,),N], and F;

€) an ionic liquid having a cation selected from the group consisting of
pyridinium, pyridazinium, pyrimidinium, pyrazinium, imidazolium, pyrazolium,
thiazolium, oxazolium, triazolium, phosphonium, and ammonium ions, having R!
through R'® independently selected as described above wherein at least one
member selected from R' through R'® comprises fluorine; and having an anion
selected from the group consisting of [CH3CO,], [HSO4], [CH3O0SOs],
[CH5080:], [AICL], [COsF*, [HCO:J, [NO.I, [NOI, [SO4*, [PO4I,
[HPO,]*, [HoPO4], [HSOsT, [CuCL], CI, Br, I, SCN,, and any fluorinated
anion; and

f) an ionic liquid having a cation selected from the group consisting of
pyridinium, pyridazinium, pyrimidinium, pyrazinium, imidazolium, pyrazolium,
thiazolium, oxazolium, triazolium, phosphonium, and ammonium ions, having R!
through R'® independently selected as described above wherein at least one
member selected from R' through R'® comprises fluorine; and having an anion

selected from the group consisting of [BFa], [PFe], [SbFs], [CF3SOsl,
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(3) NH2,and (4) SH, and wherein optionally at |east
two of RlL, R2, R3, R4, R5, R6' R7, R8, R9, and R10 can

W o@ebs3s3 f orm a cyclic or bicyclic al kanyl orP&l/ks1w9é/037137

group. In another enbodi nent, ionic quuids sui tabl e

UEPERESORLY of ARG naHSCr Rl Ta HChsRa

WE3CFQSOB§‘N R6, [EUE3SR$)3CER§9 an@CF%ﬂDz] as deSEjOEEICE,SO5],

P TRk A R bR B RO, 8B,
WC‘F%@] g,r OF%%%S@ C?g[%ﬁ CU]CF%(]’:%S,Oz)zN ,

[EIGBFHCH,S0PpNT, @] , [SO4]2 , [POA]3 , [HPO4]2 ,
[H2PO4] , [HSOG8] , [@w@?2] , A, Br , I , SCN; and
preferably any fluorinated anion. Fluorinated anions

sui t alhh gnfdb Hﬁﬁerﬁ?% WIﬁbH nelielee E&hfdnent {spfﬁ}droﬂﬁﬁbgﬁbon
, [CF3SXB] 8] , [ CF3HFCCF2SO3]
[coOppEGE28ash fro[n( @rea s@zlpzcrqnsstl{lg @Lﬁéﬂﬁ@g@z}ﬁ*‘lﬁq -32, HFC-125,

é@%%%%ﬁéﬁé% SR TR SR o, [ . o

Yoethelr Q'r’dedfﬁE)r&%eZ G?&Sﬂﬁbroardn%%ﬂ@@lﬁi@ﬁﬂﬁ@kﬁn
( CF2HCF2SQ2) 2NT, (ICFSCFHCFZSOZ)ZN] ; and F In
yuempaﬁm Hewic dightstgisitehle oropsector e RO AftsepIrating p migire
NS 'oﬂ 1t QY Rfo 'Trésgldaalsg) H:lﬁﬁe %@@9&&9@& H D thd ol QHIPsmtln of:
con |ng of pyridinium pyridazinium pyrimndiniu
pyr aZIg)l @i ionic liquid having an imidazolium cation or a fluorinated

imidazolium cation; and an anion selected from the group consisting of [BF4]",
[PFs]", [SbFe], [CF3S04], [HCFZCFstg]', [CF;HFCCF,S0s], [HCCIFCF,SO0s],
[(CF3SO.),N], [(CF380,);Cl, and [CF3CO;], [CF3:OCFHCF:SOs],
[CF3CF,OCFHCF,SO;], [CF;CFHOCF,CF,S05], [CF,HCF,OCF,CF,80;],
[CFLICF,0CF,CF,SOs3], [CF3CF,0CF,CF,805], [(CF,HCF2S0,),NT,
[(CF3CFHCF2S02)2N];

h) an ionic liquid having a 1-ethyl-3-methylimidazolium or a fluorinated
1-ethyl-3-methylimidazolium as the cation, and [(CF3CF,S0;),N]  as the anion;

i) an ionic liquid having a 1-butyl-3-methylimidazolium cation or a
fluorinated 1-butyl-3-methylimidazolium cation; and an anion selected from the
group consisting of [BF.], [PFs], [SbFs], [CF3SOs], [HCF,CF,SOs],
[CFsHFCCF,S03], [HCCIFCF,SOs], [(CF3SO;).NJ,  [(CF3CF2S02):NJ,
[(CF3S0,):CT, and [CF;CO;], [CF;OCFHCF,SOs], [CF3CF,OCFHCF,SO0s],
[CF;CFHOCF,CF,S0s], [CF,HCF,0CF,CF,S0s], [CFICF,0OCF,CF.S80s],
[CF3CF,0CF,CF,S0s], [(CF,HCF,S0,),NT, [(CF:CFHCF2S0,2),N];

j) an ionic liquid having a 1-propyl-2,3-dimethylimidazolium cation or a
fluorinated 1-propyl-2,3-dimethylimidazolium cation; and an anion selected from
the group consisting of [BF4], [PFs], [SbFs], [CFiSOi], [HCF,CF,SO0s],
[CFsHFCCF,S05], [HCCIFCF,SOs1, [(CF3SO2)::N],  [(CF3CF2SO,)NJ,
[(CF380,)5CY, and [CF;CO,], [CF3OCFHCF,SOs], [CF3;CF,OCFHCF,SOs],
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waelemciosdsesl above;

i m dazolium pyrazolium thiazolium oxazolium
triazolium phosphonium and anmoni umions, as
and an ani on sel ected from t PET/JROE037137
consi sting of [CH3C02 , [HSO4] , [CH3Os@3]
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pyrazi ni u | um pyrazoiium thiazolium
@xapo| ¢ommisting i af o[BE @ﬁiphtﬁ’un]n AFdSanmo i HGIRCHE)s]

gé@gﬁ@@%%%g i 28®C@§%ﬁ&]a%ﬁ@#§bﬁﬁd ff(eﬂ“ &H80,)NT,
HeEsoker. & S R eI G[ﬁ;%azg%cmocmcmsog

[CEAIIREBL] qus 3(@&]H P2 2 SASJE! chéﬁcmFzsog]

e e e

[ CF3CH (EFﬁﬁFcZﬁ@idl havihg @H.Zlﬂﬂlﬁm)ﬁbﬂapyhmldazohum cation or a
CF3CFHCF28(2 2 and dn st ot her

eBa b A SN g e gL oD a0 88 P SPleid
pyrgghgeoﬁﬁétﬁ%o?ggmmﬁ@ﬁam PHEESOORNTS [ ng_of

lum p zinium- pyri I niuny - pyrazini um
i m dazo) annpnipyliqud|lHaving & h3-awthyildapropylayodinum cation or a

dhoBf Rt d TpByr haalnarricin 848t aonDcrangartt e heeuip
from Rj, a1|1:22ion1|8311cg1 anhﬁ@ng R6"1-%if lﬁ&et}B@pyrﬁﬁlﬂuﬁlQatmn or a

conpri ses F ; ani on selectedfromthe group
cﬂngmghed A cpusyl-I-methetpyidinium cation, and [(CF3SO2):N] as the anion;

0) an ionic liquid having a 1-dodecy1—3-methyhmldazohum cation or a
fluorinated 1-dodecyl-3-methylimidazolium cation, and [HCF,CF,SOs]” as the
anion,;

. p) an ionic liquid having a 1-heptyl-3-methylimidazolium cation or a
fluorinated 1-heptyl-3-methylimidazolium cation, and [HCF,CF,SOs] as the
anion,;

q) an ionic liquid having a tetradecyl(trihexyl)phosphonium cation or a
fluorinated tetradecyl(trihexyl)phosphonium cation, and [CF3CF,OCFHCF,SOs]
or [CF30CFHCF,S0s] as the anion;

r) an jonic liquid having a tributyl(tetradecyl)phosphonium cation or a

fluorinated tributyl(tetradecyl)phosphonium cation, and [CFsHFCCF,SOs] as the

anion; and

s) an ionic liquid having a cation selected from the group consisting of
1,3-dioctylimidazolium, 1-octyl-3-methylimidazolium,  fluorinated 1,3-
dioctylimidazolium, or fluorinated 1-octyl-3-methylimidazolium ions, and [I] as

the anion.
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wQ bPEY363 [ HSO3] -, [Cud 2] , O , Br , |

[HSOH4] -, [CH3OSsMB]-, [C2H50s™3]-, [AICYU , [CO8]2 ,
[HCGBI , [NO2] , [NOB] , [SM4]2 , [PO4]3-, [HPO4] 2 ,
,  SACT/US2Vd6/037137
any fluorinated anion. In still another embodinent,

i oni ¢4l ig #Jﬁlgosth%%rﬁb%ka et QF 1S ﬁ‘{\%ﬁtﬁ(ﬁ‘l %ﬂ%ﬁ%ﬁe Q?P‘a?:}tioﬁ'brocess

sel ect ea' rom consit s

R thisl Brietitidits upst foli’fﬂdal mlrptmb oﬁy&mzatmgdwp 01r modazafhg&rmts that
pyrazolium thiazoliu ox zol i um

ﬁﬁ‘b%@ﬂ% theraogasryAl i V&ng ug%O%@gg@ﬁfoLll un%%{g capable
gx%%a%ﬂin%gqﬂegg%%%r@ tHE gelsaﬁiﬁﬁttﬁg nfik@Re Rla dﬁ?enn@%xtent

R10 conprises F ; and
dahamothsed £k adifgenmtst h &hg rreﬁqgemtssmsy bagelottefl Brog) the group

%ngghﬁécég %gjg%oﬂm%q%g%%%g@@%goﬁé%%i fkﬂo\roﬂuorocarbon

[da @RI %anouhﬁ@: 38 EleBiativh Cmbodbhents, two or more of the
[ CF3OCFHCF2SG8] , [ CF 3CF2CCFHCF 2S(8]

2ekz8@B]s may BFsgdedtrd ﬂ@@ﬁhggmg@er}mstmmf %%3 2@6@ =32, 33, HrC-

f&%%[%ﬁ%ﬁ@ﬁﬁghm {50 AT ESCRIEN- 22, FC-14,

e ds, {IE{D-Q18 JOFE-a2] ar]gmﬁs 194i thbétﬁeffmbdiiﬁxﬁemtm, tevo or more of
separati on I OCess t t

SBarEPRgs T Bt Beseird HRms o aEUR SPIR B P S FER-32.
ﬁg@gg]&gdﬂfgggéogfcgfﬂumematﬁmg 1%[1%116,1 ﬁEE@lzz FC-

THCR2CF2 508
[ MOBCFORR BOR2 18, (FCCE3 308 CHJ-115, [a(ldiﬁ'(ﬁ@FBmy SIN]:able for use for

é&CF3SOZE%?fC %ge@flr%: T %AIWMCDFHCFZS ne ts[ %Eﬁﬁ}fi include
268 %@Ei?@q%] catloﬁlc's_'elgétgf BT t}?ea‘_g%&@]consmtmg of pyridinium,

pyridazinium, pyrimidinium, pyrazinium, imidazolium, pyrazolium, thiazolium,

oxazolium, triazolium, phosphonium, and ammonium ions, as described above.

In various other embodiments of this invention, an ionic liquid formed by
selecting any of the individual cations described or disclosed herein, and by
selecting any of the individual anions described or disclosed herein, may be used
for the purpose of effecting the separation of any of the hydrofluorocarbon
compounds described or disclosed herein from a mixture in which that
hydrofluorocarbon compound is contained. Correspondingly, in yet other
embodiments, a subgroup of ionic liquids formed by selecting (i) a subgroup of
any size of cations, taken from the total group of cations described and disclosed
herein in all the various different combinations of the individual members of that
total group, and (ii) a subgroup of any size of anions, taken from the total group of
anions described and disclosed herein in all the various different combinations of
the individual members of that total group, may be used for the purpose of
effecting the separation of any of the hydrofluorocarbon compounds described or
disclosed herein from a mixture in which that hydrofluorocarbon compound is

contained. In forming an ionic liquid, or a subgroup of ionic liquids, by making
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[ CF3CF20CF2CF2S08] , [ ( CF2HCF2SCR) 2N
[ (CF3CFHCF2S®2) 2N] , [CH3OSCB] ; b)

ani on selected fromthe group consisting of [BF4] ,

5 S0, TR o R Ay st

[thé&Em3kba S0 iaNroup b IR BE anjorsChl @P¢mitted from the total
%eof to[r@icejhﬁ;pﬁ?;@?ggg%% aﬁa?e t%e’;seﬁcégn %gl-(lx]:be

[%-%%%iﬁ%fﬁg é) E%f‘%{‘f%ﬁﬁ%%i grou1£) gﬁgﬂé’%@é@ 18N use rather

|thqr thp ydenthess afi thee pioyp ithwt deeziotiuded fs ushie Iirgetioter and an
anl 0 mﬁgnlfgct edlgr?g t h&l?cli] H?‘p@n i Sti n?or?ct,o 50%4 "

[SGEFB C%@g@?%ﬁ I\?]m 105 %ﬁ%oup (gf(nlgiﬁggéﬂﬁg Nbrmed by
i maforeﬁami mem n2gye} the qﬂ@I comPPKITSS
20CF 2CF2SO3 CF 2| CF 20CF
Z%E%@(% dls%]ﬁﬁfiéﬁ%zwzsoe] , ][(CF[ZHCFZSOZ)ZNT,
[(CFBCFHCFZS@) 2N]-; d) |-ethyl-3-nmethylinidazolium as

t he catl on, and [(CFSCFZS(I)ZN]\ [ PF6] %nd ) )
[ HCFE2 g@] of pagtieuha igkgresh i ghis mvention are those in which one or

mBe4R gﬁ%k? ¥ de ﬂérg\‘,eﬂ BA? am%f@édn%mng Rl Ef](ifo or more

anl on se ecte romthe group consisting of
[chEﬁ]hydrc[fEioEﬁ]arb,ong BF 88CRIditjon| iR DEAHEAIL af least one fluorinated

L CFBQ@%% ]rQ]s’an[ ionic ﬁc?ch?I%%gt] fds 4 AEhAnaTed 2h n, a fluorinated
cation or both, in view of what may be useful interactions between and/or among
the various fluorinated species that may increase the solubility of a

hydrofluorocarbon in the ionic liquid.

The process of this invention to separate the components of an azeotropic
or constant- or close-boiling mixture involves contacting the mixture with an ionic
liquid. Th1s is advantageous because at least one of the components of the
mixture w111 be less soluble in the ionic liquid than the other component(s), and
preferably much less soluble. This difference in solubility facilitates the
separation of the lower-solubility component from the mixture because when that
component is removed, such as by volatilization, the more-soluble component will
be removed to a more limited extent, and will preferably not be removed at all,
because to the extent that it is soluble in the ionic liquid, it will tend to remain in,

and not be removed from, the mixture.

The process of this invention may be performed, for example, by a
technique such as extractive distillation. In extractive distillation, as in
conventional distillation, at least one component of the mixture is caused, through

temperature and pressure control, to be volatilized, and the volatilized
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[ (CF3SO2) 3C] - and [CF3C2] , [ CF3OCFHCF2SCB]-, [CF
3CF20CFHCF 2SO3] ", [ CF 3CFHOCE 2CF2SC8] -, [CF 2HCF

WQW/OMQSGS] , [CF 21 CF 20CF 2CF2S(3] ", PCT/US2006/037137

[ CF3CF20CF2CF28338] , [ (CF2HCF2SQ2) 2N
& Larate str
L:gnilpgnen}f}t(s\’g %).uzew]m 3 separate s pam in which it is condensed apa ﬁaor{n,

propyl | azolrum as the cation, an
and Mhﬁséfeﬁlbtvedi fibmo etthxtgeo Up extragivs distiglaidn, however there

CF3SO2 d CE3S
%‘5( e o el]ﬁ?‘g‘g?ﬁ %}E}?%@F%&@%@ﬂg#@a&é{?lwﬁnv%ﬂe component,
[tlge%a!: %%9@%12 ttﬁ@c 1'%9 R {atdhk heat of va valt)onzatlon does not form an

pyrl Inium as the cation
[a@éd%ﬁﬁé%)@l‘«ﬂnyaﬁ thehmnginents i) the mixture, and does not chem1ca11y

l[ri-?-id@?:g’%%?g&ﬁf t )gscogwlg{lngﬁ? f}ﬁtye J-lflqu]xgl%e t lf‘ﬁe er?tramer 18 specmlly

chb%ttbf Hnté’i‘aéﬁilﬂyﬂehﬂ@f dXBAhd VRS cbidBoictd Githe Mitture, thereby
[ HCF as the anion; k

ta@pnwémylrelahvmmlgtnl)tm @@é hbw%lang athepeotiope imwhichibey cF

S PPECTa P el TS RIS SToeas e b th hicyrdne or
[hér3 HF%%ﬁ@herﬁ§ of ﬁhe ndRte]s Myre SoBbl and yrefenatdp rmlch urore

or |-octyl-3-nmethylimdazoliumas the cation, and )
Foubice s PR SYHCE SORORRTS O DRBHEUES Jescinges{bais

ORI Sl Ak ERratiRe ﬂqal}?ﬁseé RshiHeWilSte easily volatilized and

separated from the mixture than a component that is more soluble in the entrainer.
The tendency that the components of an azeotrope would ordinarily have to
volatilize in the essentially the same compositional ratio as they possess in liquid
from is thus altered by the presence of the entrainer, which, by solubilizing at least
one component of the mixture to a greater extent than at least one other
component, causes a corresponding change in the compositional content of the
stream of volatiles liberated from the mixture at a selected temperature and
pressure. The component(s) that are caused to be more volatile than others by the
presence of the entrainer in the mixture are then removed from the mixture as
vapor in much higher concentration than the other components at the selected
temperature and pressure. The more soluble, less volatile component(s) remain
in the mixture with the entrainer, and another criterion for selection of the
entrainer is that it be a substance that is easily separated from the remaining high-

solubility, low-volatility component(s) of the mixture.

In various embodiments, it may be desirable to select as the entrainer a
substance that causes the lower-boiling of two components in a mixture to become
the more volatile of the two components as well. For example, a substance
having greater chemical similarity to the higher-boiling of two components than
to the lower-boiling may be selected as the entrainer in such an embodiment. In

various other embodiments, criteria that may be considered in evaluating a
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1, 2- dinethyl pyridinium 1- nethyl-2-ethyl pyridinium
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@g@ﬁ%&é i mdazolium 2, 3-dinethylimdazolium

2, 3- dinmethylimdazolium

3 4- d| met hyl i m dazol ium 2-ethyl-3,4-

3 b WiSRes B Ryttt iy miciures O iorit 53R as entrainers,

Qnak%ma}éb be elsbinl 19 deEieling M RBsir&lte¥lent .02-separation.  In one

di msthyl i mdazolium 1,3-di-n- Butylimdazolium
ynent an,ml)guretqﬂ engramym maibe 83leqied wherein one entrainer has a

u {
el B eV BRA0L et Cboerng, opd, e otbr
Inbbingl s aetiply| daphelBz ad i solubilize that component In another
3- butyl - 2-et hyl - 4- rrethill i.m dazgl [ ura and 3-

mﬂ}rﬁﬁ’rﬂa"k@l‘m&ﬁ?\(’fm% fiS may bg tﬁlsaléaf%tﬁ lg%qoglmfnents of
| f
5 T O st Byt

hyraltiplel discrecacpoati@ostgund from t he ot her conponents
ina mxture in which it is contained, ionic Iiquids
that are suitable for use for such purpose wll

i ncl ud§hen the separation process of this invention is performed by extractive
distillation, it may be advantageously performed in a distillation column such as is
shown in the schematic diagram of Figure 1. In the column of Figure 1, separator
elements 1 are used for the separation from the entrainer of the top product, which
is the mixture component that is made more volatile by the presence of the
entrainer in the mixture. Use of an ionic liquid as the entrainer has the advantage
of essentially eliminating the presence of the entrainer in the overhead product 7

because of the negligible volatility of an ionic liquid.

The flow of the entrainer enters at inlet 2, which is preferably located in
the enriching section close to the top of the column below the condenser, or at the
bottom of the rectifying section, wherein any amount of the entrainer that has
unexpectedly volatilized is separated from the higher-volatility component of the
mixture. The ionic liquid as entrainer then proceeds in a countercurrent flow
direction downward in the column relative to the upwared flow of the higher-
volatility component, and perhaps other components of the mixture to be
separated. The mixture enters at inlet 4, above the stripping section, where any of
the higher-volatility component that is still admixed with the entrainer is finally

vaporized. The inlet feed of the mixture to be separated may be in liquid or
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ECSHHIE cOBEIEMS ffche geluIRe Y, ICHéwil@V%b%%%eﬁﬁteééwg%ﬁwmose-
; D opi o di i . c o
BRI Pup O35l YAy gk g bohmor
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S TR S R A

compeHad. sel ected fromthe group consisting of HFC 23,
HFC-32, HFC 125, HFC 134, HFC 134a, HFC- 143a,
HFC- 152a, HFC- 161, HCFC-22, and a hydrof | uor oet her,

hydr ofd uor oket one dr of | uor oar '

hydr of | ?ﬁag% Iejﬁ]?eﬁﬁscg %Ib(%ﬁ 1o f{alP%ﬁ]lScﬁﬁ’%rﬁP%ébqss balgie Sé\%lf)%g gmg r
Usegohit OF theRe1upit OstECIP thefeip dicrbidhogas- litjuid coneactiogpaireln fs
as aforesaid include_ those having a cation selected...
fheshytlnfor dhopippessrfioblaipes SFepSYS YPAAHAT ObYy ﬁ%gaaszfﬁ?tHHV
p i agGhl -
e R e A e
avrolaility cormporsnt, ahicdesdtsithecbledo vegetien vaih therbutiimasas then

i ch i Xt [ . hydr of | b
Bt on cForc ARl Phetec BixgE SRS R § thpSHipts both
HekmBes oF e rd@izerddtfail B C- 1 5ndliBHE-126HEFE 413355 the lower-

HFC- 152a, HFC- 161, C- 22, and a )
solubility component that is separated from the mixture while HFC-32 is

preferentially solubilized by the entrainer.

Separator elements can be either plates, or ordered or disordered packings.
In either event, the purpose is to provide a downward cascade of the liquid
entrainer to contact the rising stream of vaporized high-volatility component. If
plates are used, the liquid may flow over the edge of one plate onto another, or the
liquid may flow through the same holes in the plates through which the volatilized
component rises. In either case, the objective is to achieve maximum residence
time of gas-liquid contact consistent with providing a rate of upward vapor flow
that is high enough to prevent the column from being flooded by the downcoming
liquid, but is not so high that the vapor is pushed out of the column without

sufficient time to contact the liquid.

There is, in terms of the amount of the mixture to be separated, a minimum
amount of the entrainer that is needed to “break” the azeotropic, or the constant-
or close-boiling, characteristics of the mixture, and enable the separation of at

least one of the components from the mixture from the others in a yield and at a
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tri az iy WiaiRas RRAVEMEY e BRGmM AR th @liser Wiayihe ¥idRér-
through R10 independently selected as described above

wobatiGihynccapaneaisn a@nl@arh@mtﬁ@r anglis seayelgd o Bie cRiungmh Fos gerRniry

iR inlet 27 I ey D pleS s R rofift Bdudin
ﬁ).‘x‘delﬂt 6 hsiﬁg Vﬂfidds@aﬁarﬁmmng@aﬂdnmﬁélhmlmegmeramn’byﬂmple
i m dazol i um ﬁyrazol ium thiazoljum . oxazol

teVPROFAH 90w n Rip BB YEROaHALS, SReh afabmedHm Qfﬁetarih %\‘(ﬁpﬂ’g‘ft‘?-*ai
ta?é &#%& %leécpﬂ)? ESﬁ'tﬂﬁBhg ¥y glra%%he dn AfscIR Sl E6hRROM N

an ani on sel ect fromthe group consisting
qfroc{e@éﬂ@,@@@] evapdri®Odfhges reHBOSEB]atsly pCiab @ rated ionic

LD kel are St Sy b g .
Bhvtrainkr can2%y be 8B¢hefdi¥d by HRhhy WHa8kigHh@E6lumn since the vapor

pressure of the ionic liquid is essentially zero. An alternative means of

recovering an ionic liquid as entrainer takes advantage of the fact that many ionic
liquids can solidify below 0°C. In these cases, low cost separation of the ionic
liquid can be achieved by cooling to form a solid phase. The bottom product can
also be precipitated using techniques such as cooling, evaporative, or vacuum

crystallization.

These and other aspects of extractive distillation are further discussed in
well-known sources such as Perry’s Chemical Engineers’ Handbook, 7% Ed.
(Section 13, “Distillation”, McGraw-Hill, 1997).

When the separation process of this invention is performed by extractive
distillation, more than one distillation column may be required in systems in
which a mixture contains multiple components to be separated. For example,
non-close-boiling components' may be separated and removed from the mixture
using a first distillation column, and azeotropic mixtures can then be separated
using a second distillation column. An ionic liquid may be used as an entrainer

for one or both of the distillation columns. For example, where it is desirable to
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[
t@f@@%&&#&?ﬁ?%ﬁ%@ ﬁ{clrﬂ;‘l O%]Q]?’Eop of t@%ls@illatn{;ﬂ'%j and the

[Hy8tdluorodawdl @mpoudi mayBpe recbvered;@nm t}mrm)’ﬂ@ny of the column

2 %ll‘?rlllenear}treagne?nsu%ﬂ as andlomc liquid. The hydrofluorocarbon compound

may then be separated from the entrainer using a flash tank, and the entrainer may
again be recycled to the distillation compound. Where it is desired to separate a
mixture comprising two refrigerants and air, the air may be separated by
extractive distillation and recovered from the top of the column. An ionic liquid,
as used as the entrainer in the process, may be separated from the mixture
comprising the refrigerants using a flash tank, and the refrigerants may then be

separated using a second distillation column.

The ability to separate a binary mixture of two components i and j by
distillation can be determined by calculating their selectivity. The closer the
selectivity is to the value of one, the more difficult it is for the components of the
mixture to be separated by conventional distillation. —Therefore, an extractive
distillation method may be used to enhance the separation efficiency. In
extractive distillation, an entrainer influences the separation by selectively
absorbing or dissolving one or more of the components in the mixture.
According to the present invention, the selectivity of an ionic liquid fc;r a binary
mixture composed of i and j is defined as the ratio of the infinite activity
coefficient of component i to the infinite activity coefficient of component j,

where components i and j are present at an infinite degree of dilution in the ionic
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WQ@Reo7AB8IsNi UM pyrazi ni um

f) an ionic liquid having a cation selected fromthe
group consisting of pyridinium pyridazinium

i m dazol i um pyrazoPCTIIE2006/037137
thi azolium oxazolium triazolium phosphonium and

Zigg@g%rg%ﬁﬁeg NS %ﬁ%ﬁg t@seﬁ&ﬁ%? Qaﬁ?]o%a%r@ﬁ@lp GRS le¥s than 1

as des ed above erein | east one
dependingsel whethet the tw Boildnoohigh beiler is amfireinseerdtbuoNoneally

nd hﬁmxﬁ?’ls[ﬁ ap rlIseI ecg1 gpf@p[bg%%g]seele%roug onsi .?stellvn e
iZSCﬁ] order[thlgglngg @Blkion, 4 56@5&15%)0@'&6&& than about
CF3CF28 2N -, [(CF3S2) 3C]

ﬂ@&oeqamsdzscm one {BI@MBEJIEHQQEFEHGFIV@M] the 4dditi@OpHaDoNic

CE 2HCF, 20CF, 2CF CFE, 21 2
S i e B S ATR b g oot
et Bb3ERACFASEH) @Mntiona ke Bdditibfl EMareiRgel iR td hevahigture

a m xture conponent is a hydrofluorocarbon conmpound
pepadesecselactmty Beaige hap aboHA &t i ng of HFC 23, HFC- 32,
HFC- 125, HFC- 134, HFC-134a, HFC-143a, HFC- 152a,

HFC- 161, HCFC- 22, and a hydrof | uoroet her,

hydr ofWhar theedepmetiomprbeedsl afcthis iaventiahiic parformed by extractive

h drofluorool onpound, ic liquids suitable for.

o S R ImERHsat e A ey BB oranEive
2n@nBLESA Anghs GolMoues.05 RO s 99 s tesle f)éx@é‘ﬁttrglﬁtwe to the
group consisting of: g) an ionic |liquid having an

itotabwzight ofeltetmpements imthelnyighire plus the eritraines eppmding on their

ggé?léﬁggﬁ and%a ni t]?rﬁe %ﬁbgct d fr g{{% cﬁ%%&%%& 1m,e they may
[Ué(éﬁgﬁ%&%hfemb@ﬁﬁma% of flonCHehehaiBdmperature to the

condenser temperature, and a pressure in the range of from vacuum to the critical

pressure. Extractive distillation processes operate at varying feed, reboiler, and
condenser temperatures depending on the appropriate conditions for optimum
separation. A typical extractive distillation process might operate with a
condenser and or feed composition chilled by water to a temperature of 5 to 10°C,
or chilled by brine or ethylene glycol to even lower temperatures of 0 to —40 °C.
In some cases, if the extractive distillation column operates at close to the normal
boiling point of a compound at about 1 atmosphere pressure, the feed and or the
condenser may cool the gas to even lower temperatures of —40 to —80°C. The
reboiler can operate over a wide temperature range depending on the operating
pressure of the column and the identity of the compound(s) being separated,
which in the case of fluorinated compound could be a temperature range of from

about -80 to about 240°C.

For example, over a temperature range of from about —80 to about 240°C,
the following fluorinated compounds may have a concentration in a mixture with
an ionic liquid in the range of from about 0.1 to about 99.9 mole percent, relative

to the total weight of the compound and the ionic liquid, at a pressure in the range
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WQ@oR288853 , [ CF 2HCF 20CF 2CF2508]

[(CF3S2) N , [(CF3SOz)3C] , and [CF3C2] -,
[ CF3OCFHCF2SM3] -, [ CF 3CF20CFHCF 2S] , [ CF 3CFHOCF
, [ CF 21 CF PCXZBS2006/037137
2CF2S™3] , [CFBCFZOCFZCFZS(B] , [ (CF2HCF2S2) 2N
l[o_g‘g%?bog vac% to’ 5’?% ‘Lﬁ@ e‘é’&iré? V%l:l_lg g_rﬂ)éilﬁ‘@vfgpgacﬂ compound
I[a?g:ltbws— 3- et hyI [ m dazol i um as the cation, and
3CE2SQO) 2N as the anion; i) an ionic liquid
havi nglBB2but yIS7R Bt hyl i mi dazol i um cation or a
quonHﬁF §ds | - bufeyd 5 3- met hyl i m dazol i um cation; and an
ani on sel ect ed fromthe group consi sting of [BF4]
%(F;Izg] HFQ-3B#6] ,4006BBSO3] , [ HCF2CF2SO3] -

H ] 2S33] -, | (CFSSOZ) 2N] -
[(CFsﬁéggr\u\ﬁ{%lﬁg) 3C] 5 and [ CF3C2]
[ CF3OGHRER3DB] -45.1 6. 3SCF2OCFHCF 2SQ3] -, [ CF 3CFHOCF
2CF2S(8] , [CF 2HCF 20CF 2CF2S(3] -, [CF 2|1 CF 2CCF
ACRP 838t in [tth&:PﬁCﬂHES@S?mmn[ W@EE—IQFBZSQWE\I]COHIPHSGS a

CE S2 [
ﬂ;ﬁq?': %%ﬂrocza %O%?(?{%?'\‘gﬁ}lpl sle?e tgc%o O%{]u{rlﬁ%calg %(J) r%g[b hﬁ}{ %r@the mixture
fs| subfeteatdecing -sB;iISati@b[drr @, Btethiperitlvglih nhalnge Iolﬂ fofa kbhonm 80 to
and an anion selected fromthe group consi sting of

#twm4 240°C; phe mixtyrsprgjalso beerbiseigy dun{lmpmh@s@]ﬂ pressure in

{ CF%%%}%W {'BF%%‘ gg@%ﬂ“ %&%@g@fewpwﬁm for each

[ CF3CF20CFHCF2S08] |, [ CF 3CFHOCF

ZCFZS [CF 2HCF 20CF 2CF2SCB] -, [CF 21 CF 20CF
2CF2Sa8YC-32 CFschoCF%c%Eiﬁoe] . [ (CF2HCF2502) 2N] \
[ (CF3GIHO3S™R) 2N ; 36.2 bar,

HFC-134a 40.6 bar,

HFC-143a 37.6 bar, and

HFC-152a 45.2 bar.

Other substances that can form a mixture with a hydrofluorocarbon
compound may be present in such a mixture at a concentration that may vary over
a range of from about 0.05 to about 99.95 mole percent, relative to the total
weight of all components in the mixture including an entrainer such as an ionic
liquid. When such a mixture is fed to a column for separation in an extractive
distillation process, the concentration of the component will vary according to the
conditions of temperature and pressure, where the temperature may vary over a
range from the reboiler temperature to the condenser temperature, and -the
pressure may vary over a range from vacuum to the critical pressure. Examples
of such substances are shown in Table 1, which contains boiling point and critical
point data for those substances obtained from Reid, R.C. et al, supra; and
REFPROP V. 7 [Lemmon et al (NIST Reference Fluid Thermodynamic and
Transport Properties — REFPROP, Version 7.0 User’s Guide, U.S. Department of
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k) an ionic liquid having a
| - propyl - 3-net hyl i m dazolium cation or a fluorinated

wo 2q07088363 3- met hyl i m dazol i um cation; and an aPCDNS2006/037137
selected fromthe group consisting of [BF4] , [PF6] ,

P RS ARl BB B Bl and

[TethdHR) SthdardRudereade30ER ProgritFEOCEHBERS B8 rylanfl CF002)].
3CF20CFHCF 2SX3] -, [CF 3CFHOCF 2CF2S(3] , [CF 2HCF
20CF 2CF2SC3] -, [CF 21 CF 20CF 2CF2S@3] ,

[ CF3CF20CF2CF2SC3] , [ (CF2HCF2S2) 2N]

[ (CF3CFHCF2S2) 2N] ; 1) an ionic liquid having a

|, 2-di met hyl - 3- propyl i m dazolium cation or a
fluorinated |, 2-dinmethyl-3-propylimdazoliumcation
and an anion selected fromthe group consisting of
[(CF3S2)3C] and [(CF3S2)2N] ; m an ionic liquid
havi ng a 3-nethyl -1 -propyl pyridi niumcation or a
fluorinated 3-nethyl-I-propyl pyridi nium cation, and

[ (CF3SO2) 2N] as the anion; n) an ionic liquid having a
| - butyl -3-methyl pyridiniumcation or a fluorinated

| - butyl -3-nmet hyl pyridiniumcation, and [ (CF3SQ2) 2N] as
the anion; o) an ionic liquid having a

| - dodecyl - 3-net hyl i niidazoliumcation or a fluorinated
| - dodecyl - 3-nmet hyl i mi dazol i um cati on, and [ HCF2CF2SQ3]
as the anion; p) an ionic liquid having a

| - heptyl -3-nethylimdazoliumcation or a fluorinated

| - heptyl -3-net hylimdazoliumcation, and [ HCF CF2S(3] -
as the
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anion; ) an ionic liquid hav

ing a

tetradecyl (tri hexyl)phosphonium cation or a

wo baoasssat ed tetradecyl (trihexyl)phosphoni um ce¢T/U82006/037137

and [ CF 3CF20CFHCF 250B] or [ CF3OCFHCF2SCB] -as the

anion; r) an ionic liquid

g a

tributyl (tetradecyl)phosphonium cation or a

fluorinated tributyl (tetradeqgyBpjlihoRphoni Criticd &bihon
aRd b GR3HFCCF2SCB] - as the ani of,,afd.S) ap.leic
|Iq8 haV|ng a cation selectled fromthe group
conS|st|ng of 1,3-dioctylinidazol ¢tm (bar)
ey Vi N ggb yiTmdazolum [fTuopgnated I, 3,5
eocfy# d h]llum or quorlnateg
h%gﬁ&y&mge@enm@lln1dazol|un1|ons_7amd [I] aso$he
nion ln yet another enhodingnt of the invention_ {when
ﬂhém@@pammﬁWGﬁlﬁrocess of thijs in¥@®htion i s2e8ed for
nao nnnr-o I'\'F L ; o
ll]C \4 U.I U.ll Irg LV\I\. UI TTOUT C I C1 ulll\
ﬂﬁﬁ#ﬂ%# OWHE%@*H t he prlocesd i | | |nvgfve t he
dthat 1[s  capgpie Orormg
UCsn?mg)em%ﬁom&fc;)]aipe&cﬁbqlﬂ%fr|gerants i%'the m1xture tola
dirJatoRmbrb@mBihRMine (a@-0Y her gf thepgefrigeramys. The
refrigerants may be selected fromthe group consisting
dﬂmhyﬁma&Kﬂmiebarbon hydr ochl or off$.uor ocar bé»9
r\hl or n‘Fl 4oL nr\ﬁr”v”, nnrl fl uotrlocar bon co N
ah b b} hirbrolionpioRis ERESMt wo lor nore of |the20 |
TE fironT group STSting
o S TR PSS | e 1%, HEC. 1o
qumgﬁﬁgmeHFC-152a HFC- 161, |[HCFCGi22, FC 1454
Ammonia 333 1133
Nitrogen -195.8 339
Hydrogen chloride -85.05 83.1
Fluorine -188.2 52.2
Hydrogen fluoride 19.9 64.8
Oxygen -183 504
Hydrogen -252.8 13.2
Argon -185.9 46.0
Methane -161.5 46.0
Ethane -88.6 48.7
Ethylene -103.9 50.4
Propane -42.1 42.4
Propylene -47.7 46.6
Cyclopropane -32.9 54.9
Butane -0.6 37.9
Isobutane -11.7 36.4
H,0 100 220
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FC-1 16, FC 218, CFC-12, and CFC-1 15. In other
enbodi nents, two or nore of the refrigerants may be

wa@elgosssds from t he group consi sting of HFC 23, PeFCSBEG/037137

HFC- 125, HFC 134, HFC 134a, HFC- 143a, HFC- 152a,

HFC- 161, HCFC-22, FC- 14, FC- 1 16, FC- 218, CFC-12, and
CFC-1 15, and ionic liquids suitable for use for the

p ur poJae dbliseipgrextinpips raeé pregeartadits ilastraﬁextha radvantages of the

nponents, as aforesaid cI ude %t]ﬁk;l g@ ng, a ca%h
§eqsetettl%emlpaﬁp@ Fféasawbe&? gHdinay; aﬂ%}lﬂﬂ% € same.
%Eé@%ﬁx@l%l uRAtk 'ﬁ‘léjbféb%loﬂﬁf %BhUBnid thﬂé@ OfnldUustrate

pyraz I azol | um oxazol i um triazoli um
o deriahleupnopentiels afiveriousnionisnBquids injeglatidrbéad theirovss. for rbe

FE PP TR R0 o Y Pl 748 o

oRdsb@Ns HApseiidednese sonllesad Mehtiiedandnbyvay to limit the
Sel ecting any of the indi'vidual anjons described or

dbensl osthe distlesunc. nhyBes wosy task smétwww@@ Fgample 1) and

A I Bges SraBRRE St ae G T, GlBrdec,MA) moding Gee

e Dy Qferé ulkd k! ldetetinehihe mbilhgttohsegmfd Hedrofiasoesbon
compound i s contained. Correspondingly, in yet other

eApoduRasHTen aanigtsyr oup of ionic |iquids formed by
selecting (i) a subgroup of any size of cations, taken
fromthe total group of cations described and

di scl osed herein in all the various different

conbi nations qof the jndivi I r f _that total
group, and (i %F@ng’%gﬁg @ﬁﬁ%}’ ni ons,
taken fromthe total group of anions described and

di sclosed herein in all the various different
conbi rlaBityhs8-roéthylimidazolium hexafluorophosphate ([bmim][PFs],

CgH;sN,F4P, molecular weight 284 g mol™), 1-butyl-3-methylimidazolium
tetrafluoroborate ([bmim][BF4], CsH;sN>F4B, molecular weight 226 g mol™), 1,2-
dimethyl-3-propylimidazolium tris(trifluoromethylsulfonyl)methide
([dmpim][tTFMSmethide], Ci2H;sN2FoOgS3, molecular weight 550 g mol™), 1,2
dimethyl-3-propylimidazolium bis(trifluoromethylsulfonyl)imide
([dmpim][{bTFMSimide], CioH1sN3Fs04S2, molecular weight 419 g mol'l), 1-
ethyl-3-methylimidazolium bis(pentafluoroethylsulfonyl)imide
([emim][bPFESimide], C1oH11N3F1004S,, molecular weight 491.33 g mol'l), 1-
propyl-3-methylpyridinium bis(trifluoromethylsulfonyl)imide
([pmpy][bTFMSimide], C;;H14N,F04S,, molecular weight 416.36 g mol™), 1-
ethyl-3-methylimidazolium hexafluorophosphate ([emim][PFs], CsHi1FsNP,
molecular weight 265.13 g mol™), 1-ethyl-3-methylimidazolium
bis(trifluoromethylsulfonyl)imide ([emim]{BMel], CgH;1FsN304S,, molecular
weight 197.98 g mol™), 1-butyl-3-methylpyridinium
bis(trifluoromethylsulfonyl)imide ((BMPy][bTFMSimide], C12Hi16FsN204S;,
molecular weight 430.39 g mol ™) were each obtained from Fluka Chemika (may
be obtained from Sigma-Aldrich, St. Louis, Missouri) with a purity of >96 to 97%
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the individual nenbers of that total group, may be
used for the purpose of effecting the separation of

w@ry7o883he hydrof | uor ocarbon conpounds descr i PEUS2006/037137
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di scl osed herein froma mxture in which that

hexa{ ofnf%?orglgl%{hggg gﬁﬁ@ﬁ?}f r&ﬁlﬁ thﬁ?é @-]ﬁdl‘ 3& rbf—lcﬁz r@nﬁ&c@igr

iront c T qul I onic
nggsmeg:mbnbsp@safmbmeeﬁae (ﬁ;lFChl@S; 65H[E5, knodm:luﬁlr oreight

S8R el )i b e b M L o D e B AL eieht
f1bg@3t4ﬁof LAl 19260 Eﬂﬂ%ﬁ@gﬁ?é 943@@H%Een§ﬁécﬁ@r wRibht

irabl e, ese t1on hus be made 1n
t8@r(hisg mb! Hhands ilmielﬂlmrmeﬁhMéHF& bﬂZaQCMzImalecldﬁ@Nelght

tted th
s Sl Dt afaien o DUP ) SR Er s Rt o
tmﬁa\mré} With 4 "n?thMH Sltity BEORNYO,0fA HRIRGRE biete ﬁm@y nd

is separated by use of an ionic liquid, or subgroup of
iipstalted tp q@m@hse trmranmnwf mqurfgmg Hleazesscing eagh of the tonic

Qi wrR B B B P A P I SR T

interest in this invention are those in which one or

. nore h%Srofluorocarbons IS separated froma mxture

cont8f ipg BOmeEREature angd ARbIGYIREPITAIA NS uor ocar bons
by the addltlon to the mxture of at |east one
fluorinated ionic liquid, such as an ionic Iiquid that
has-ankhﬂ@mumah&ﬂqaﬁ)on a fluorinated cation or both,
in view of what may be useful interactions between
afig ForoapasyforasdNar i ous fluorinated species that may
i ncrease the solubility of a hydrofluorocarbon in the
i EpiTcearregtipwy factor (kg)

C, = initial concentration (molem™)
C, = saturation concentration (molom'3)
< C > = space-averaged concentration (molom'3)
D = diffusion constant (m*es™)
= gravitational acceleration (9.80665 mes?)
L = length (m)
m, =mass absorbed (kg)
m, = mass of i-th species on sample side of balance (kg)
m; = mass of j-th species on counterweight side of balance (kg)
m,;-= mass of ionic liquid sample (kg)
MW, =molecular weight of i-th species (kgomol'l)

N = n-th number component
P = pressure (MPa)
P, = initial pressure (MPa)

¢t =time (s)
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The process of this invention to separate the
conponents of an azeotropic or constant- or

with an ionic liquid. This is advantageous because at

Ize.a__sgn.o&ggﬁ%ﬁge&%&ecoqmﬁ%g{%(ﬁz the mxture wll be

I"éss s he i'0 gui d than the other

i bl h | | ubl e. Thi
%%ﬁg%ﬁ% Oflagg]cggg(lgllgslf ?{)a y much | ess soluble is

nce in s y facilitates the separation of

tﬁe;{emggfaﬁglog tH ddetics@aponent fromthe m xture

bédcause when t'hat "conponent is renoved, such as by

vpl;{eyyemrgg@mﬁe&ﬁ(g?r e-sol ubl e conponent will be

rénov to a nor ted extent, and will preferably

= / : 3y because to the extent that it
ne %’cﬁu @@Yﬁfjstpﬁ&egtﬂl_)

is s e In e tonic liquid, it will tend to remain

i, —apgihobs BeicigmyesH)f rom the mxture. The process
ofthis invention may be perforned, for exanple, by a

tpchmihqid%aﬁl@m(ﬁ&ne&h?)act ive distillation hi
extractive distillation, as in conventional

df stinhdiatvyohine 8f gdsqaStmertg conmponent of the nmixture is
cdused, through %enperature and pressure control, to

volatilized .. th el atiihi zedconponent (s) is
(k:)gpt Wlpg’l Vf’iﬁlmae dsfelgg?%?cée%g"r ergérirl] ?n which it is condensed
art from and_is.thus regoved from the mxture. In
ekt rABPTY ¥OlHmE Of 1qnig l‘é‘f}fi(lﬂo%@e , there is added to
the m xture a m.scible, ;hi boiling, relatively
NonToRARY Y u@%ﬁﬁ%‘l‘?@\‘ﬁe,(mfffégﬂél vent or entrainer, that

has | ow | atent heat of vgporization, does not form an
azeotnitplanoler volamy (&f*re¢le) conponents in the m xture,
and does not chemcally Jeact wth any of the
caffponhates in moldrerotrink¢ ('emoTHe entrainer is specially

x; = mole fraction of i-th species

z = depth (m)

A, =eigenvalue (m™)

p, = density of gas (kgem™)

p; = density of i-th component on sample side of balance (kgom'3)

p; = density of j-th componeﬁt on counter weight side of balance (kgem™)

P, = density of air (kgem™)

p, = density of sample (kgom'3)

Units

Pa = Pascal

MPa = Mega Pascal
mol = mole

m = meter
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chosen to interact differently with the various
conponents of the m xture, thereby altering their

WO ed0assse3 vol atilities and "breaking" the azeorCDps20061037137

whi ch they woul d otherwi se exist. The entrainer is
chosen .to.be a substance in which one or nore of the
gghﬁor%ﬁ?s of the mxture is nore soluble, and

& efkel@R! y much nore sol uble, than at |east one other
conmponent of the m xture. A conponent that is |ess
oENsivgonn n t he entrainer may, as a result, be nore
easily volatilized and separated fromthe m xture than
&EEEﬁ%bnent that is nore soluble in the entrainer. The
%ﬁgﬂgﬂ{ 1éhat t he conponents of an azeotrope woul d
ofdinarily have to volatilize in the essentially the
%anEkitpmaesi tional ratio as they possess in |iquid
fromis thus altered by the presence of the entrainer,
whg &milliggarg ol ubi | i zi ng at | east one conponent of the
m xture to a greater extent than at |east one other
HEpBNERE ™ causes a correspondi ng change in the
q@g%ﬁﬁéﬁ al content of the streamof volatiles

I'i berate romthe mxture at a selected tenperature
andppisageure. The conponent (s) that are caused to be
nore vol atile than others by the presence of the

énbarz mBkbarn the mixture are then renpved fromthe

m xture as vapor in nuch higher concentration than the
d?ﬁ%?nW%ﬁ%onents at the selected tenperature and
ptg§g&&§m(§ﬁggggge sol ubl e, less volatile conponent(s)
remain in the mxture with the entrai ner, and anot her
cec t=aecamd for selection of the entrainer is that it be
a substance that is easily separated fromthe

ke IR thi ghsol ubility,

kg/s = kilogram/second

In the following description, (A)-(D) provide syntheses for anions of ionic
liquids that are useful as entrainers for the invention, and (E) —(U) provide

syntheses for ionic liquids useful as entrainers for the invention.

Preparation of Anions Not Generally Available Commercially
(A)  Svnthesis of potassium 1.,1,2.2-tetrafluoroethanesulfonate (TFES-K)
([HCF,CF,S05]): (A)Synthesis of potassium 1,1,2,2-tetrafluoroethanesulfonate

(TFES-K):

A 1-gallon Hastelloy® C276 reaction vessel was charged with a solution
of
potassium sulfite hydrate (176 g, 1.0 mol), potassium metabisulfite (610 g, 2.8
mol) and deionized water (2000 ml). The pH of this solution was 5.8. The vessel
was cooled to 18 degrees C, evacuated to 0.10 MPa, and purged with nitrogen.
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| ow-volatility conmponent(s) of the m xture. In various

enbodi nents, it nmay be desirable to select as the
we@niorassles a substance that causes the | ower- bpCT/URYO©H37137

two conponents in a mxture to becone the nore

;‘f %%%Jugt ﬂ{]mél@gyctlmag ég}égt@ﬁ L 1t eWihds: fc?fhee\?%%‘ég? lvx%s tHen

st ance reat Sln][arlty to
htil@hlefefrbﬂucbrbetgyleﬁe {(WBE cofmpnant & whahedted thé00 degrees C at

ARG BErTo0] RGHRT OUS. bt AQRPEmEBH HEFHS: CEMFFaTEges
ﬁ asBRY% 18 &QRRE @%ﬁ’nﬁ%ebﬂh@fé%f@h‘ NSs S %@&@ré ®@creased

ection as an entrainer is mhet er the substance
dael dedha rfpi@ElOIt,l mered ENE avasoaddfed dm sReeduhliquety GaN-3 ereachketo

| o - b

i R A SRR R T e
(heo h¥n FOP AR bEen MdaXifttr @be RHitigNG6 @ Iﬁe&hﬁrge@rﬂl@b 7é836] was
m xtures of ionic liquids as entrainers, al so be

erglétﬁ@nanflmoo?@éﬁp &V drgreesdes i Thecbid af dhe clspr SaWar oo Feaction
&Iu%,[? v%tgq%df 1B Phis s@lu%%f s %u?feﬁegiglto a}ﬁgi X g}‘”h«p Eddltlon of

wher'ei n-one entrai ner ectivit
fpotassitie thetgbieulfiteqlléfg).l i ty of the two conponents, and
the other entrainer has a high capacity to solubilize
t hat conponent. I n another enbodi nent, a m xture of

| ONi C TieQiHi1ElSwEPYnRGed P dud o%eaoﬁftﬁgr%vﬁ}gtﬁ‘at%f)fmﬁ%ﬁﬁéesa wet
of a mxture conprising at |east two {(drofl uor ocar bon

soligo ukitssdbiyl was ﬁlgnm.laqedplnea figezc deee (Yapataazonobile 35x1;
i%éarg%erp mgr&? }gitgrr 3§ F\J;vra(t)cecSo%te(r)l td hf)p%)lﬂﬂl\é?en}t? Wt %

(1387 g crude material). The theoretical mass of total solids was 1351 g. The
mass balance was very close to ideal and the isolated solid had slightly higher
mass due to moisture. This added freeze drying step had the advantage of
producing a free-flowing white powder whereas treaiment in a vacuum oven
resulted in a soapy solid cake that was very difficult to remove and had to be

chipped and broken out of the flask.

The crude TFES-K can be further purified and isolated by extraction with
reagent grade acetone, filtration, and drying.

F NMR (D,0) 8. -122.0 (dt, Jry = 6 Hz, Jer = 6 Hz, 2F); -136.1 (dt, Jew = 53 Hz,
2F).

'"H NMR (D,0) 8. 6.4 (tt, Je = 53 Hz, Jp = 6 Hz, 1H).

% Water by Karl-Fisher titration: 580 ppm.

Analytical calculation for C;HO3F4SK: C, 10.9: H, 0.5: N, 0.0 Experimental
results: C,11.1: H, 0.7: N, 0.2.

Mp (DSC): 242 degrees C.

TGA (air): 10% wt. loss @ 367 degrees C, 50% wt. loss @ 375 degrees C.

TGA (N2): 10% wt. loss @ 363 degrees C, 50% wt. loss @ 375 degrees C.
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walcagnassedf Figure 1.

distillation, it may be advantageously perfornmed in a
di stillation colum such as is shown in the schematic
In the colum of Figure RCT/US2006/037137
separator elements 1 are used for the separation from

cthio: &hgﬂeéﬁl%rﬁte

FJIPEgLK)entral ner in the mxture Use of an ionic
iquid as the entrainer has the advantage of
essentially elimnating the presence of the entrainer

int h?AT ? 1%1%6 ?ﬁst@fl(gﬂg (6%7% @fcgi%ﬂ_slﬁsé%ﬁ wal %h%l%g(l}l] L@t Stution

vol at ani | ow ©

%Bfaét@ssﬁkﬁﬁ sEMftehadrae (8L.e0. 562mo‘1®t'lp@thsslnﬁn mﬁbﬁmaﬁﬂejﬂo g, 1.53
| ocated in the enriching section close to t

) eod ipobsoniien St i, skl fo dnfegees C.

? b G h fO%’(#;@P%ggﬁd u@ﬂ% od it 311190 %Cgl[ Tﬁgg%ha@fpu}éhecycle was

rainer atilized is
$£pbareatmd> fropentinies. th hee Wsslehmals ithgn acbatqdop@ﬂmm(ethﬁemyl
m xture. The ion gu i.n t.hen oceeds ..
ethes) BBV, G085 PR G i Yttty B oan ABPESS o o Eien time
Qﬂé O;ﬁ'lsﬁhfevﬁfaé 9 3t hapsl p"ﬁ%ergaétﬂoﬁWelﬁﬁe&ﬁﬁe was maintained at
ervol ati | onponent, and perhaps ot her
daﬁpbgmm € bf 110Hrg i bet m@sumdli@ep@bwae gf) &dPa Fwhighypoipe dhe

enters at he stki

SR et ShutoBP VR el SRR ROl o
aphTt txih&piebipitetetwici Medlorless fatpikaiuk Yayea(dt + 7 abovelie
inlet feed o? the mxture to be separated nay be in
l'iquid orgaseous form and, if the mxture is in

|'i qui drf ol fe Hednd t%%loHH@h?&/&?Fure desired product,
w il be

hi gher- vol at conponent t hereo

- wohitd the zpetttoyn bihthe tquepes ddyer shaazmi gosreal b butaletotabie anmslt of

of- t he col um, ic ave been eI ec for
Fﬁ“qy@ggated u1mpur1ty %]h cfesue 1somer 1s fess sofu%fje n Water so it

precipitated in isomerically pure form.

The product slurry was suction filtered through a fritted glass funnel, and
the wet cake was dried in a vacuum oven (60 degrees C, 0.01 MPa) for 48 hr. The
product was obtained as off-white crystals (904 g, 97% yield).

19F NMR (D,0) & -86.5 (s, 3F); -89.2, -91.3 (subsplit ABq, Jsr = 147 Hz, 2F);
-119.3, -121.2 (subsplit ABq, Jrr = 258 Hz, 2F); -144.3 (dm, Jry = 53 Hz, 1F).

'H NMR (D,0) & 6.7 (dm, J ru = 53 Hz, 1H).

Mp (DSC) 263 degrees C.

Analytical calculation for C;HO4FsSK: C, 14.3: H, 0.3 Experimental results: C,
14.1: H, 0.3.

TGA (air): 10% wt. loss @ 359 degrees C, 50% wt. loss @ 367 degrees C.

TGA (N): 10% wt. loss @ 362 degrees C, 50% wt. loss @ 374 degrees C.

43



10

15

20

25

30

wWoR@hesssedl atility conmponent of the m Xxture,

The vapors noving upward in the colum are
continuously enriched in content of the

liquid noving downward in the colum is continuously
d LN content of t

mefonﬁth@ivﬂgﬁ&e&lﬂﬁﬁmd (mIEfSng ht of the col um at
which there is thorough gas-liquid contacting, which

is desirable for the purpose of obt ai ni ng extensive
separ gf i r t C

oxits gﬁt % gﬁﬂgx{; %@égﬁﬁ hcéét%lv% 1 'g dyesge(f g&g rbﬁgx[ge? %{h Q solution
logwer vol atility conponent, which exits the colunn
together with the entrai ner as the botton1product

perasEwamylide hyfate(ld 4 Rt /drmol oprizsshian BStabswHEA éﬁﬂ%g, 1.98
SO SASB T SR, sy

iveasepkdad edls degeed O¢ emcnaﬂad eo W8l MPrF@:d3Rurged with nitrogen.
eferenti al l lubilized by the entrainer, Separato
B R GILBHTED &Y lF PHRSTORHARIcR0 BPTeCiiiET oo ghe Vessel was then

C&H&&w&ﬂ@&o&ﬁ&hmﬁm eﬂqer)fzpm f %:t?nﬁltlﬁ@) BHA RGSA Hefited to

provi de a downward cascade o e liquid entrainer
1@5 clegtege tC tah@fhrqhsﬁlmg the Ansadn plessup ek MPa. The reaction

h-vol at | i € r ,
T SRS a8 BBt ot o
am:x W% at Qmomﬁuﬂtlﬂﬁwv&smsfvle@mtam oo tolEs Gappeesithl Smce

in the plates through which the volatilized conponent

Peled, a Wi ‘Erbfétﬁn%lﬁs@w?]ﬁ%e &% the Uetieed; RrofuctaioRped deaving a
BTN 1E S S HERE Sotution above it (pH = 7).

The F NMR spectrum of the white solid showed pure desired product,
while the spectrum of the aqueous layer showed a small but detectable amount of

a fluorinated impurity.

The solution was suction filtered through a fritted glass funnel for 6 hr to
remove most of the water. The wet cake was then dried in a vacuum oven at 0.01
MPa and 50 degrees C for 48 h. This gave 854 g (83% yield) c;f a white powder.
The final product was isomerically pure (by '°F and 'H NMR) since the undesired

isomer remained in the water during filtration.

19% NMR (D;0) & -59.9 (d, Ji = 4 Hz, 3F); -119.6, ~120.2 (subsplit ABq, J = 260
Hz, 2F); -144.9 (dm, Jpg = 53 Hz, 1F). |

"H NMR (D;0) § 6.6 (dm, Jiy = 53 Hz, 1H).

% Water by Karl-Fisher titration: 71 ppm.

Analytical calculation for C;HFsSO.K: C, 12.6: H, 0.4: N, 0.0 Experimental
results: C,12.6: H,0.0: N, 0.1.

Mp (DSC) 257 degrees C.
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time of gas-liquid contact consistent with providing a
rate of upward vapor flow that is high enough to
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10

15

20

25

30

downcom ng liquid, but is not so high that the vapor

i s pushed out of the colum w thout sufficient tine to
contact the liquid. There is, in terns of the anount
afGA (er) M 0% twtelok@h3 3sdapaseats 6 0 Yaw trilass @ AP &idegrats Gf

the entrainer that s needed,tq "break"

R N T % r g S dinre o SB¥ioTh [65@ B deerees C.
characteristics of the mxture, and enable the
separation of at |east one of the conponents fromthe
m xture fromthe others in a yield and at arate that
COE ko A3.P1 S Rodgtal el IEnATRY P o
entrainer used in the ratio is the m ni mum anount

descri bed above, the value of the ratio may be set in
t he r anyieabién Hogalloy® Cocatstontvessel meechargad wih agelytion of

ar requently fou to fer, no,.part.i cul a t

RV PTRSOTB P K1 & 10D P e POt Sr0gPaned and
| JF RidnPled Water (260 Qﬁft).r ATHREFH ioF thibeplutieimeed. T.r Qi tvidssel was
m xture together with the highervolatility conponent

iaooledstpat aleaross e, cxpenatesl tec)OB eMPag ande thes) Ghersedwith
_entry int i pl i -
b B, 200 By, e bt TR
spfratiéd k1920 REE_&I&:E ;:(?llsanﬂrﬂcﬂpw dherg foegeher thcopreksprs irossl ® a
evaporation. Thin film evaporators, s ... .
PTG o1 17 SRP? SRy ayasrtarate G L NEghshin 30 e
fRF 18Ol BROVR s G URROEAPInd 1 RhBGRRY HIPOWSs vented, and the

concentration processes, two evaporator stages are run
alehatomatsspuygesiowith attrogege ke fingddolupinh bad a pH of 7.3.

The water was removed in vacuo on a rotary evaporator to produce a wet
solid. The solid was then placed in a vacuum oven (0.02 MPa, 140 degrees C, 48
hr) to produce 219 g of white solid, which contained approximately 1 wt % water.

The theoretical mass of total solids was 217 g.

The crude HFPS-Na can be further purified and isolated by extraction with
reagent grade acetone, filtration, and drying.

YF NMR (D,0) & -74.5 (m, 3F); -113.1, -120.4 (ABq, J = 264 Hz, 2F); -211.6
(dm, 1F).

'H NMR (D,0) § 5.8 (dm, Jey = 43 Hz, 1H).

Mp (DSC) 126 degrees C.

TGA (air): 10% wt. loss @ 326 degrees C, 50% wt. loss @ 446 degrees C.

TGA (Ny): 10% wt. loss @ 322 degrees C, 50% wt. loss @ 449 degrees C.
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the distillation colum. The entrai ner can al so be
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vapor pressure of the ionic liquid is essentially

el Qrati Rid 8L PRLtde means of recovering an ionic
Vér—r?m—é@s—e#rnt‘m%ﬁer t akes advantage of the fact that
@any iSgnihesis i qui dff can $outyd2f3rdiveltohinfi@azolinom hese 1,1.2.2-
cases, |l ow cost separation of the ionic liquid can be
&Eﬁﬁ@@gﬁﬁﬁ§gﬁgéﬂﬁﬁg to forma solid phase. The bottom
pr oduqtpan? 3l &R RS1iRAEELRIbh a8 | (DY 8t g{:mlzqu Bfl&YCRas

as cooling, evaporative, or vacuumcrystallization.
Tz vathdeagentgrads pedtore (350exb)riacy lavgs wusd-bpitempd flagg and

further discu d.n I+ kno sour c such

slireq vigotas daro) hier BRSP4
321" MbRE), Wadtad@d' to MagndWrddel dcetoh® €490 mihi@ra sdparate round-
separation process of this invention is performnmed by
bettormed i faskdiandi fhistsobiionyies eanefllynaddad stoj et i-Bpyl-2,3-
%?Aﬁut iRk, %ﬁféhﬁggofuﬁoﬁ.yslth%qgr L MR 18wBled litoSn oil
conrarns I'pl"e conponent's to & sSepar at ed. For
&sfngpldecheatudrut G0 asgrebo Tl umigr exdhprdne b dowmy The rsapian anigtire
and renoved fromthe m xture_usi first .

avast fhepatiliggRd dsimgng, lasgry L elass o“ﬁﬁ%e? nioxFmae then, Whifg K Cl
H)?ecﬁﬁpft’é fda Usldnge F1886 W PRl oh! Aot RY eGR10WaBr f 1 hours
ifonic litquid my be used as "an entrainer for one or
botdmare thbecethrst i | | ati on col ums. For exanpl e, where

it is desirable toseparate a m xture conprising two
refrigerants using one ionic |liquid, one refrigerant

may be recovered fromthe top of the colum whereas

t he second i
The reaction scheme is shown below:

HCF,CF,S05

F) Svynthesis of 1-butyl-methylimidazolium 1,1,2.2-tetrafluoroethanesulfonate
1-Butyl-3-methylimidazolium chloride (60.0 g) and high purity dry
acetone (>99.5%, Aldrich, 300 ml) were combined in a 11 flask and warmed to

reflux with magnetic stirring until the solid completely dissolved. At room
temperature in a separate 11 flask, potassium-1,1,2,2-tetrafluoroethanesulfonte
(TFES-K, 75.6 g) was dissolved in high purity dry acetone (500 ml). These two

solutions were combined at room temperature and allowed to stir magnetically for

~ 2 hr under positive nitrogen pressure. The stirring was stopped and the KCl

precipitate was allowed to settle, then removed by suction filtration through a
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separated using a second distillation colum (or flash

t
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Iyellow dﬂ qUheloit svas herthee ptmﬁedebly fiilamgt wWwigh hrghtmmtxaﬁcettdsma (100
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dry taenmsé Oﬂ%hg GPTROR m‘ir B XA U RS Slotion

'ﬁlae?@c}/ &ﬁh@ %éétg ehfavéeﬁﬁsa%&s t@gl‘% étcuroeegsoan ar Rk s @urther
ro uorocar on conpound and hydr ocar bon, and,

sdrmld at 4de,antiRé dhgn&csa@afmb@hr WHyO‘bée B2.6 @udipeativict.om t he
top of the distillation columm; and the
hydr of | uor ocar bon conpound nay be recovered fromthe

bef \IRIDMS6- d%ﬁés LA Midk [ £ BEIL D QEREYF); SHIER &R, AR 53 Hz,
ionic I|qU|d e hydrofluorocarbon conpound may t hen
B¥)separated fromthe entrainer using a flash tank,

SPENNE (BT Y, P90 PSS 88 { B o

33 )&t?gteJQOWZ' 511965 @, 7ef £3 ger ant Gaandryaiis (st E:ad.5 (s,
eparated by extractive distillation and
rﬁ&b@&r(@dlfﬂ) omthe top of the colum. An ionic liquid,

ed. a raj.ner oL he process, may be
se’p@?1 f@ﬂ%faffo]l?e# iltr o u?h}ﬁ]&jn‘pri sing the refrigerants

using a flash tank, and the refrigerants may then be
separated using a second distillation colum

ahmlb”tl%l calcalafien fr ColiBisNAPP: > eHot- 7t Wb Sc%ndgél?%ﬂ]@@tal
IRafls) P¥76: B, 46: N, 8.7.

TGA (air): 10% wt. loss @ 380 degrees C, 50% wt. loss @ 420 degrees C.
TGA (Ny): 10% wt. loss @ 375 degrees C, 50% wt. loss @ 422 degrees C.

G) Synthesis of 1-ethyl-3-methylimidazolium 1,1,2,2-tetrafluoroethane

sulfonate

To a 500 ml round bottom flask was added 1-ethyl-3methylimidazolium
chloride (Emim-Cl, 98%, 61.0 g) and reagent grade acetone (500 ml). The
mixture was gently warmed (50 degrees C) until almost all of the Emim-Cl
dissolved. To a separate 500 ml flask was added potassium 1,1,2,2-
tetrafluoroethanesulfonate (TFES-K, 90.2 g) along with reagent grade acetone
(350 ml). This second mixture was stirred magnetically at 24 degrees C until all
of the TFES-K dissolved.

These solutions were combined in a 11 flask producing a milky white
suspension. The mixture was stirred at 24 degrees C for 24 hrs. The KCI

precipitate was then allowed to settle leaving a clear green solution above it.
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components of the mxture to be separated by _
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separthtough adfifted glapcfnndlno eschoveche K€ 1dThe iabétans was rearoved
entrai ner influences e separation by sel iyel
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the selectivity of an ionic I'iquid for a binary

m xture conposed of i and j is defined as the ratio of
the infinite activity coefficient of conmponent i to

t he i nfhedprcionsehems s shown peleMent of conponent j

where conponents i and j are present at an infinite
degree of dilution in the ionicliquid entrainer. Ing

genera.l_g he sedfctivity can beogreater morﬂ¢§§§os
t han @ p i ng on whet her thé\lowboil L-high
bcyh&é\/l/s’* in The AuNBfERFeIO:X NorTral |y + e Lol boi T er
pllaced™i n the nunerator so that the selectivity is
shown as a value greater than 1. In order to achieve
separation, a selectivity of greater than about 1.0 is
required. In one enbodi mrent of the invention, the

A6 NNVB (DS Artls) SR 24.T i(diui/eh t 6 Ha e %tlle, @y 098 dedt, drn =

seglectjvity greater than about 1.3; and in another
eﬁcﬁﬁ'iiﬁ\ém of the invention, the addition of an ionic

.+
i s KcCl

- iR (OMYE-dY ¥t f proysdes Anselead Byt ¥04GeALET 3 Hy,

t han about 2.0.” When the separati'on process of this
iZWention is perforned by extractive distillation, the

Lﬁﬁktgaﬁi‘f%'es3°§quﬁé‘§%tﬁz, !5 b § (B84, 1),

% Water by Karl-Fisher titration: 0.18 %.

Analytical calculation for CsH;pN,O3F4S: C, 32.9: H, 4.1: N, 9.6 Found: C,
33.3: H,3.7: N, 9.6.

Mp 45-46 degrees C.

TGA (air): 10% wt. loss @ 379 degrees C, 50% wt. loss @ 420 degrees C.

TGA (N): 10% wt. loss @ 378 degrees C, 50% wt. loss @ 418 degrees C.

H Synthesis of 1-ethyl-3-methylimidazolium 1,1.2.3.3.3-

hexafluoropropanesulfonate

To a 11 round bottom flask was added 1-ethyl-3-methylimidazolium
chloride (Emim-Cl1, 98%, 50.5 g) and reagent grade acetone (400 ml). The
mixture was gently warmed (50 degrees C) until almost all of the Emim-Cl
dissolved. To a separate 500 ml flask was added potassium 1,1,2,3,3,3-
hexafluoropropanesulfonate (HFPS-K, 92.2 g) along with reagent grade acetone
(300 ml). This second mixture was stirred magnetically at room temperature until
all of the HFPS-K dissolved.
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concentrations ranging fromabout 0.05 to about 99.95
nol e percent relative to the total weight of all

wW@eowposssnt s in the m xture plus the entrai ner PEpPESINNGQ37137

on their location at any particular time in the

col Uy 4t WG A6 Bbl-RMheAlaldiHEa LABY: SRHIREN, pressure a

subj ec nperat ure range of from
nelieglces Ctiorpe hﬁtpudsdalcirrg 4 ;mékg¢ owndte rsamend;lenp é“haml@xedmithte
a pressure in ther, e of fromvacuu ecrltlcal
Sebetaned Omeerrrandrat § SeToN P OLL B SO eat o a

varyi ng feed reboil er, and condenser terrper atures
dependi ng on the appropriate conditions for optinum
separ aﬂaeaaactléntmmtlualwgmlmﬁd onee tireytghl 4 aclntg/iaccptpmp@t and

Sl dRE) Lt B R R el uY b R
GOl AR dndYhdY bie Hi‘;ghestahﬁ(drﬁ NgeOl4yRA) 23 Ge@eé@nc) q¥en hr. The
t enper at ures of to OC. In sonme cases, If the

exedust Wave vigtions llglét}ieliﬁw@(ﬂl (Lo 8 gpeYatvidddht cl ose to
the normal boiling point of a conpound at about 1

at nosphere pressure, the feed and or the condenser nay
cool the gas to even |lower tenperatures of -40 to
-80C. The reboiler can operate over a w de tenperature
range dependi ng on the operating pressure of the

col umThendadtiona stleban iis shoved b¢lbw: conpound(s) bei ng
separated, which in the case of fluorinated conpound
coul d be a teng?oerature range of from about -80 to o

abo exanpl e, over errper/a‘t-u%/\e(mﬁglescef

fro hQu 0 tq about f ol +
fmonp unes™ I?ﬁ%% ave a coafemj/atl onin a K
m xture with ‘

F NMR (DMSO-dg) & -73.8 (s, 3F); -114.5, -121.0 (ABq, J = 258 Hz, 2F); -
210.6 (m, 1F, Juyr=41.5 Hz).

"H NMR (DMSO-d¢) & 1.4 (t, J = 7.3 Hz, 3H); 3.9 (s, 3H); 4.2 (q, /= 7.3 Hz,
2H,);

5.8 (m, Jup=41.5 Hz, 1H,); 7.7 (s, 1H); 7.8 (s, 1H); 9.1 (s, 1H).

% Water by Karl-Fisher titration: 0.12 %.

Analytical calculation for CoH;,N,O3F6S: C, 31.5: H, 3.5: N, 8.2. Experimental
Results:" C, 30.9: H,3.3: N, 7.8.

TGA (air): 10% wt. loss @ 342 degrees C, 50% wt. loss @ 373 degrees C.

TGA (N3): 10% wt. loss @ 341 degrees C, 50% wt. loss @ 374 degrees C.

D Synthesis of 1-hexvl-3-methylimidazolium 1,1.2.2-

tetrafluoroethanesulfonate

1-Hexyl-3-methylimidazolium chloride (10 g, 0.0493 moles) was mixed

with reagent-grade acetone (100 ml) in a large round-bottomed flask and stirred
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wo@boozissseonpound and the ionic |iquid,

an ionic liquid in the range of fromabout 0.1 to
about 99.9 nole percent, relative to the total weight

t he rangeof from about vacuum up to about the pressure

o A R
HEfod8 (II3ES-K, harg, 08465 Hie(ss) S2a added2o haagenﬁgrade nesgeret (100

i t.h t hi t th
B BB Pt B S Bl SeioR SRS SPi P ied to
ttﬂ@ 13RI -hieBlylinBig oWher cﬁﬂéﬂh‘é/ AE6he hfxtufe. SPRY RGHRE was left

during separation to a tenperature in the range of
fto ohir aweutght. 8 The geaxbion miAOCvas leennfiliered asivgye Wrgsoftielass

S, ted dur ation.to rLes

#ﬂ#ﬁﬁ s SaER PP P BReT R 1t Y yREF on
%le%i)ofé%r 824 moGRAP adtidhc tAS adefddeows: HFC- 32 57 8

bar FC-125 36.2 bar, HFC-134a 40.6 bar, HFC 143a

37. 6 bar, and HFC-1 52a 45. 2 bar.
The reaction scheme is shown below:

o o}

7) Svynthesis of 1-dodecyl-3-methylimidazolium 1.1.2.2-

tetrafluoroethanesulfonate

1-Dodecyl-3-methylimidazolium chloride (34.16 g, 0.119 moles) was
partially dissolved in reagent-grade acetone (400 ml) in a large round-bottomed
flask and stirred vigorously. Potassium 1,1,2,2-tetrafluoroethanesulfonate (TFES-
K, 26.24 g, 0.119 moles) was added to reagent grade acetone (400 ml) in a
separate round-bottomed flask, and this solution was carefully added to the 1-
dodecyl-3-methylimidazolium chloride solution. The reaction mixture was heated
at 60 degrees C under reflux for approximately 16 hours. The reaction mixture
was then filtered using a large frit glass funnel to remove the white KCI
precipitate formed, and the filtrate was placed on a rotary evaporator for 4 hours

to remove the acetone.
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hydr of | uor ocar bon conpound nay be present in such a
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separation_in an extractive distillation process, th
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tenperature to t ondenser tenperature,
pressure may vary over range from vacuumto the
critical pressure. Exanples of such substances are
shown in Table 1, which contains boiling point and
critical point data for those substances obtained from
Reid, R C et aI supra and REFPROP V. 7 [Lenmmon et
al® (N Bf0ARGS1S bheppdeeidrf-methytinildaanipart ~ 1,1.2.2-

Pr oper, . ﬁ{%’ VerS| on 7.0 User's Qui de, U.S.
Depa‘re"J {rrriéiﬁ‘?om? ?IE:L:‘I % Technol ogy Adm ni stration,

Nat i onal | hsltekidd:bﬁ Dhneliydndaddsuanchided (PL.OSY 10.0496 moles) was
St andar d erence Data Pgwgr am Gai thersburg,
Mar y | RE5ERL YZ@)‘G‘G’S I gptgent grage restpre 10 @Rains @ngam}md-bottomed

pr esemisednd Qtn‘r!:d HngoﬁEI? @G?&sﬁﬁ?ﬁalni Q@et%trgﬁlf(otr?c?chﬁ{egﬁ onate (TFES-

i nvention and ssi st one of ordih
nidki g, 408 gs0. ﬁ@ﬁt h‘@les?arwas Q&aledetoeoeagﬂ@lt agadd hdbﬁdﬂeaﬂ@O ml) in a

the pre a{atlo of v S c i ulds an
1 uSEP R B p8lors GBS b st Vs FeSilivomded to the 1-
i qU'I@iadé&yI—@n?&hﬂﬂuH@zo‘hﬁﬁi thidsife fs%[utitoﬁe Ak %gﬁloﬁf mixture was

enhanci ng the separation of various fluorinate
Corrp(h?ﬁ@ aééoré@grqgé Cprl@@msﬂmn fer appxd?)umatelyl' hési@urs The reaction

exan%&ﬁlrg s M f’ﬂ"g'etre(?(i1 gsqrqg aQaragQ %n%lvgl\ésst i%nnelr?o remove the white KC1

15 precipitate formed, and the filtrate was placed on a rotary evaporator for 4 hours

t enper at ur

to remove the acetone.

The reaction scheme is shown below:

20
o E
e
cl P HCE,CF,S0,
AR T  HCR,CF,SO;K —> /@\N +

KCl
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scope of the disclosure hi this work, both
selectivities (see Exanple 1) and Aspen(r) (Aspen

wae@ssleyyy, I nc., Version 13.1, Canbridge, MAPCT/US2006/037137

nodel i ng (see Exanple 2) were used to determ ne the

iGRAPAHASS fram 8,

Itetﬁlﬂuofoeﬂ&anemllfnﬂataﬂ dazol i um hexafl uor ophosphat e

152 T ﬂioeﬂ%vﬂw RO e, 7|8 G0d P8 moles) was
%aﬁf@ilm didofed I@EH%E{ZEA& aé@bl%o@O@rmmh%fargezﬁ)uﬂd%ﬁomed

, 1, 2- dinet 't m dazolium
tiasls gnd $tfrrqdov19¢mn$1yl leaﬁammll )} h%,ﬂﬁemefluoroethanesulfonate (TFES-

\}éﬂd %éf)&ggﬁm&eﬁ ;f Q‘ﬁl é}_ﬁqelilé%gqgn 3<:,r$f;§de>me:1)<l;e one &OO ml) in a

s@p@ﬁylrbmldia&@dmwrﬂmw (ahdl i this Umaimmt Wiid saehoRydddeditdl@he 1-
([dnri m [bTEVSI m de], ClOHLS5N3F60O4S2, nol ecul ar wei ght
Aedecyigtmethylimidazo tum chloride solution. ~The reaction mixture was

SHONL A 0008 o BRI

weiixtying w49 thed3filgared u§1j1g alargp fopylass3funmaélny rpmovdihiei witite KC1

bi s(t.rifluorqneth | fonyl)imde ([pnry][ bTENSI de
BLSIR SBT3 e Iletie Ao RHCGH O ALY <yapgtion for dghours
8b Péfﬁo\;étf{@g@{(gﬂ m dazol i um hexaf | uor ophosphat e

([em m [ PF6], CBHL1F6N2P, nol ecul ar wei ght 265.13 g

mol 1), |-et hyI 3-nmet hyl i m dazol i um
bi s(trifluoronethylsulfonyl)imde ([emn] [BMel],
C8H11F6N3O4S2, nol ecul ar

The reaction scheme is shown below:

[o]

cl
N/@\N =+  HCF,CF,80;K ——»
N
)
=\ HCF,CF,S0,
N @ N
PN +  KCl

M)  Synthesis of  1-propyl-3-(1,1.2.2-TFES)  imidazolium _ 1,1,2.2-
tetrafluoroethanesulfonate
Imidazole (19.2 g) was added to of tetrahydrofuran (80 mls). A glass

shaker tube reaction vessel was filled with the THF-containing imidazole solution.

The vessel was cooled to 18°C, evacuated to 0.08 MPa, and purged with nitrogen.

The evacuate/purge cycle was repeated two more times. Tetrafluoroethylene
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wei ght 197.98 g nol 1), |-butyl-3-nethyl pyridinium
bi s(trifluoronethylsulfonyl)imde ([BWy][bTFVMSI m de],

WEIRAHIBBEN204S2, nol ecul ar wei ght 430. 39 g nol PAY/USENE037137

each obtained from Fl uka Chem ka (may be obtai ned from

SUERY3 Y s llen RlidedtBiihe velb AW Yot hikoPH) delrl €, at
di/ifitu aingemitich anale( pietsud? waCHbbR; 0178l ®Pal ar Awethg MIFES greddire
mn%ﬁiedﬁﬁegg‘mg%%%ggqu gg%@iﬁdrlgﬁ%ﬂigiéymkg%% to
(i tadBgerat Q?g"f?rgéguré%luaﬁlglb%ﬁvé@ﬁ' Y M2 & 'Nﬁ)a 1bnce 40

1,1, 1-trifluoroet hane CHFC-143a, C2H3F3, nol ecul ar
vee b G IFE 82d Géery fawh Ithel yessel nmdasivehtedi fridumogset tozdfedegrees C. The

R 3R Ebagitor v L P Fe S TS APl 40
%’ﬁggég@r@)t@ YEId hude FroHUBUR BRGWA Yyl 98d IRONMR (yvield 44 g).

| ar sieve trap was installed to renove trace
dateneransf(198? &) wes Brredieitlyases and each of the ionic
1 gui P
o2 S o TBORRSAE e R0 o o e
antktab bsrae\teﬂm)tedr&r ardayss Eﬁe s@lventowaceniovad i adopliciding a
3) .Cb buoyanc forc = correctjion factor

oFllew; hPEKH| se t(| n ghmmm B?I@CEsérHPHYIF%Q’}:z 2-
qe@m%@ﬁylﬁﬂumeh %ashﬁe Gvad CoHIREEa BLTAURHIR (in CDsCN) [

concentrat’lon
0.96 (t, 3H); 1.99 (m 2H) 427 (t, 2H); 6.75 (t, LH); 7.72 (d, 2H); 9.95 (s, 1H)].

Todide (24 g) was then added to 60 ml of dry acetone, followed by 15.4 g
of potassium 1,1,2,2-tetrafluorocthanesulfonate in 75 ml of dry acetone. The
mixture was heated at 60 degrees C overnight and a dense white precipitate was
formed (potassium iodide). The mixture was cooled, filtered, and the solvent
from the filtrate was removed using a rotary evaporator. Some further potassium
iodide was removed under filtration. The product was further purified by adding
50 g of acetone, 1 g of charcoal, 1 g of celite and 1 g of silica gel. The mixture
was stirred for 2 hours, filtered and the solvent removed. This yielded 15 gofa

liquid, shown by NMR to be the desired product.

N) Synthesis of 1-butyl-3-methvlimidazolium 1,1.2.3.3.3-

hexafluoropropanesulfonate (Bmim-HFPS)

1-Butyl-3-methylimidazolium chloride (Bmim-Cl, 50.0 g) and high purity
dry acetone (>99.5%, 500 ml) were combined in a 11 flask and warmed to reflux
with magnetic stirring until the solid all dissolved. At room temperature in a
separate 11 flask, potassium-1,1,2,3,3,3-hexafluoropropanesulfonte (HFPS-K) was
dissolved in high purity dry acetone (550 ml). These two solutions were

combined at room temperature and allowed to stir magnetically for 12 hr under
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(@w nﬂﬁlcwﬂe. acchlits @ er el %%V@é. l@svaﬂey to give a
ﬁe@l@ﬁ%@tﬁ{eemmva@fuwﬁeﬁ?ﬁﬁ'{eﬁ% df])utlﬂ m&ﬁﬁﬁ?ﬁtﬁ{twa@etone

fy-th species (K) Ts erature of sa
=(\1©O umhp and stirring ‘aﬁb ciee@or(izmg cmbon (\5 au n”ﬁleomlxtum was suction

%%Iﬁﬁg ngff‘rﬁé %ejf?r}ﬁ relﬁgﬁveéj in va o glve a colo(rfTBs) oﬁlgThls was %urther

dried at 4 Pa and 25 degrees C for 2 hr to provide 68.6 g of product.

F NMR (DMSO-ds) & -73.8 (s, 3F); -114.5, -121.0 (ABq, J = 258 Hz, 2F); -
210.6 (m, J= 42 Hz, 1F).

H NMR (DMSO-dg) & 0.9 (t, J = 7.4 Hz, 3H); 1.3 (m, 2H); 1.8 (m, 2H); 3.9 (s,
3H); 4.2 (t, J=7 Hz, 2H); 5.8 (dm, J= 42 Hz, 1H); 7.7 (s, 1H); 7.8 (s, 1H); 9.1 (s,
1H).

% Water by Karl-Fisher titration: 0.12 %.

Analytical calculation for CoH;,FgN,O5S: C, 35.7: H, 4.4: N, 7.6. Experimental
Results: C, 34.7: H, 3.8: N, 7.2.

TGA (air): 10% wt. loss @ 340 degrees C, 50% wt. loss @ 367 degrees C.

TGA (N3): 10% wt. loss @ 335 degrees C, 50% wt. loss @ 361 degrees C.
Extractable chloride by ion chromatography: 27 ppm.

0) Synthesis of 1-butyl-3-methylimidazolium 1,1.2-trifluoro-2-
(trifluoromethoxy)ethanesulfonate (Bmim-TTES)

1-Butyl-3-methylimidazolium chloride (Bmim-Cl, 10.0 g) and deionized
water (15 ml) were combined at room temperature in a 200 ml flask. At room
temperature in a separate 200 ml flask, potassium 1,1,2-trifluoro-2-
(trifluoromethoxy)ethanesulfonate (TTES-K, 16.4 g) was dissolved in deionized
water (90 ml). These two solutions were combined at room temperature and
allowed to stir magnetically for 30 min. under positive m'trogenypressure to give a
biphasic mixture with the desired ionic liquid as the bottom phase. The layers
were separated, and the aqueous phase was extracted with 2 x 50 ml portions of

methylene chloride. The combined organic layers were dried over magnesium
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Vt = nolar volunme of z-th species (m'rnoi 1) VIL =
nmol ar volune of ionic liquid (nB*nol 1) Vin = nol ar

waeeloanoss3ed nmi xture (nmtnol 1) FO = initial nol aPC/OB20€037137

(m8*nmol 1) AV = change in nolar volunme (ntnol "1) X =

reg}qgaztﬁf r? %Eélilc%ﬁ%r%d én' %clzchég ; ietecéloér]fe?sg giz B%ihg&@% dllip'ﬁrh at for 4 hr

268 Paiah 20 HegretC coaMOdEst0 9of padptte si de of bal ance
(kg"m 3) PJ = density of/ '-th conponent on counter
wei ght side of balance (kg"m 3) Pair - density of air

(SR PR SN B O PHE AT 0 Gupucane,
cerd0 ME o), K42 K¢l Sty = 53 Hz, 1F).

'"H NMR (DMSO-dg) 8 0.9 (t, J = 7.4 Hz, 3H); 1.3 (m, 2H); 1.8 (m, 2H); 3.9 (s,
3H); 4.2 (t, J=7.0 Hz, 2H); 6.5 (dt, J= 53 Hz, /=7 Hz, 1H); 7.7 (s, 1H); 7.8 (s,
1H); 9.1 (s, 1H).

% Water by Karl-Fisher titration: 613 ppm.

Analytical calculation for C11H16F6N204S: C, 34.2: H, 42: N, 7.3.
Experimental Results: C, 34.0: H, 4.0: N, 7.1.

TGA (air): 10% wt. loss @ 328 degrees C, 50% wt. loss @ 354 degrees C.

TGA (Ny): 10% wt. loss @ 324 degrees C, 50% wt. loss @ 351 degrees C.
Extractable chloride by ion chromatography: <2 ppm.

P) Synthesis of 1-butyl-3-methylimidazolium 1,1,2-trifluoro-2-
(perfluoroethoxy)ethanesulfonate (Bmim-TPES)

1-Butyl-3-methylimidazolium chloride (Bmim-Cl, 7.8 g) and dry acetone
(150 ml) were combined at room temperature in a 500 ml flask. At room
temperature in a separate 200 ml flask, potassium 1,1,2-trifluoro-2-
(perfluoroethoxy)ethanesulfonate (TPES-K, 15.0 g) was dissolved in dry acetone
(300 ml). These two solutions were combined and allowed to stir magnetically
for 12 hr under positive nitrogen pressure. The KCl precipitate was then allowed
to settle leaving a colorless solution above it. The reaction mixture was filtered
once through a celite/acetone pad and again through a fritted glass funnel to
remove the KCl. The acetone was removed in vacuo first on a rotovap and then
on a high vacuum line (4 Pa, 25 degrees C) for 2 hr. Residual KCl was still
precipitating out of the solution, so methylene chloride (50 ml) was added to the
crude product, which was then washed with deionized water (2 x 50 ml). The
solution was dried over mégnesium sulfate, and the solvent was remdved in vacuo

to give the product as a viscous light yellow oil (12.0 g, 62% yield).
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ionic |liquids useful as entraliners for the I nvention.

PHeNNHa(CBHCY) SAhiolhs/ Rot-4 BRI ¢ (duiH)abide(m, 2H); 3.9 G,

%?f:}‘nerci ally (A Synthesis of potassium
;1) 2,2-tetrafl uoroet hanesul fonat e (TFES-K)

4.2 (t,J=17.0 Hz, 2H); 6.5 (dm, J= 53 Hz, 1H); 7.4 (s, 1H); 7.5 (s, 1H);

8.6 (s, 1H).

% Water by Karl-Fisher titration: 0.461.

Analytical calculation for C12H16F8N204S: C, 33.0: H, 3.7. Experimental
Results: C, 32.0: H, 3.6.

TGA (air): 10% wt. loss @ 334 degrees C, 50% wt. loss @ 353 degrees C.

TGA (N3): 10% wt. loss @ 330 degrees C, 50% wt. loss @ 365 degrees C.

Q) Synthesis of tetradecyl(tri-n-butyl)phosphonium 1,1.2.3.3.3-
hexafluoropropanesulfonate ([4.4.4.14]P-HFPS)

To a 41 round bottomed flask was added the ionic liquid tetradecyl(tri-n-
butyl)phosphonium chloride (Cyphos® IL 167, 345 g) and deionized water (1000 ‘
ml). The mixture was magnetically stirred until it was one phase. In a separate
21 flask, potassium 1,1,2,3,3,3-hexafluoropropanesulfonate (HFPS-K, 214.2 g)
was dissolved in deionized water (1100 ml). These solutions were combined and
stirred under positive N, pressure at 26 degrees C for 1 hr producing a milky
white oil. The oil slowly solidified (439 g) and was removed by suction filtration
and then dissolved in chloroform (300 ml). The remaining aqueous layer (pH = 2)
was extracted once with chloroform (100 ml). The chloroform layers were
combined . and washed with an aqueous sodium carbonate solution (50 ml) to
remove any acidic impurity. They were then dried over magnesium sulfate,
suction filtered, and reduced in vacuo first on a rotovap and then on a high
vacuum line (4 Pa, 100 degrees C) for 16 hr to yield the final product as a white
solid (380 g, 76% yield).

F NMR (DMSO-dgy & -73.7 (s, 3F); -114.6, -120.9 (ABq, J = 258 Hz, 2F); -
210.5 (m, Jur= 41.5 Hz, 1F).

'H NMR (DMSO-de) & 0.8 (t, J = 7.0 Hz, 3H); 0.9 (t, /= 7.0 Hz, 9H); 1.3 (br s,
20H); 1.4 (m, 16H); 2.2 (m, 8H); 5.9 (1, Jur = 42 Hz, 1H).
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(| HCF?CF?SO 1) : (A) Synthesis of potassium
1,1,2,2-tetrafl uoroet hanesul fonate (TFES-KV A 1-gall on

whla®rmbdzey (r) C276 reaction vessel was char gedr@id/Uk2086/037137

solution of potassiumsulfite hydrate (176 g, 1.0

I [ ' [ (610 g, 2.8 mol) and
g}eavg%tiaz dﬁ\%&fﬁﬂe@&%&%ﬁ% I:£Pgne pH of this solution was
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tenperature was increased to 125 degrees C and kept
there for 3 h. As the TFE pressure decreased due to
th)e I eAGIHHRR, BPr eTdided\aGr 20RES)bRoshABhilimal 19URESfuoro-2-

0-30 g each) to mal ntalin operating pressure roughly
i‘ﬂ‘--p| 1) ethppesul foratep$6.6 OnlddP - JHESy (5 0 n‘D|) of TFE

had beg t c , :
vessel vvas ve%{1 Ig)rug%g)%ﬁo eéﬂsge‘g%@a%ger%eg%io%% (ﬁ%g&fﬂ-slmplc
afradehes@ | @Br ahd gidhicy dikjhidwiatesdedil@n-rsiadxytplssphasuhO chlbride
This solution was buffered to pH 7 through the

a(éfcrpbcv% Lo f 0hot3ak §) um%@t%rﬁmsm%letheélyg}meftwa%w@ﬁ one
t t

et Cool T e SRR A1 TR0 P BRGERLAY (01 BRARUGE -

o(pyﬁ]uo(déﬂroky}eﬂﬁneaﬂﬁxmbl QTE’ESSK;LzlGag)JIi wag diddved an aZEtone

h uce he water content to. a Xi mat el
)é40(t) ml) ese solutions were comlglmec{] and stlrrechi 8er positive N, pressure at

26 degrees C for 12 hr producing a white precipitate of KCI. The precipitate was
removed by suction filtration, and the acetone was removed in vacuo on a rotovap
to produce the crude product as a cloudy oil (48 g). Chloroform (100 ml) was
added, and the solution was washed once with deionized water (50 ml). It was
then dried over magnesium sulfate and reduced in vacuo first on a rotovap and
then on a high vacuum line (8 Pa, 24 degrees C) for 8 hr to yield the final product
as a slightly yellow oil (28 g, 56% yield).

F NMR (DMSO-dg) & -86.1 (s, 3F); -88.4, -90.3 (subsplit ABq, Jir = 147 Hz,
2F); -121.4, -122.4 (subsplit ABq, Jrr = 258 Hz, 2F); -143.0 (dm, Jry = 53 Hz,
1F).

"H NMR (DMSO-ds) 6 0.9 (m, 12H); 1.2 (m, 16H); 1.3 (m, 16H); 1.4 (m, 8H);
1.5 (m, 8H); 2.2 (m, 8H); 6.3 (dm, Jrg = 54 Hz, 1H).

% Wafer by Karl-Fisher titration: 0.11.

Analytical calculation for C36H69F804PS: C, 554: H, 89: N, 0.0.
Experimental Results: C, 55.2: H, 8.2: N, 0.1.

TGA (air): 10% wt. loss @ 311 degrees C, 50% wt. loss @ 339 degrees C.

TGA (N2): 10% wt. loss @ 315 degrees C, 50% wt. loss @ 343 degrees C.
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f ﬁ{ﬂ%ﬁ thgnes@tﬁe)l@ate I(*I“T@S-&._K f‘i 2@ Oﬁgﬁisbf%ﬁtlﬁl acetone

r es ults: C,

dége mds T@esemmtl(oas W)ere m%md aridcwsre@laéezr ndeifive & pByssure at
375 d ree 10% wt . | oss

B Aese SRR LR dQon iR SRR g PR Gl C (5

Synt hesi s of potassi um

1,1,2-trifluoro-2-(perfluoroethoxy)ethanesul fonate

( TPES-Joe: PIRCIpItefR| WanTerpayed NyosHcipn ditraione sad i the ageiene vas

WA o G988, 8% r@to%% H)tﬁrgﬁuce the crude product as a cloudy oil. The
product was diluted with ethyl ether (100 ml) and then washed once with

deionized water (50 ml), twice with an aqueous sodium carbonate solution (50 ml)
to remove any acidic impurity, and twice more with deionized water (50 ml). The
ether solution was then dried over magnesium sulfate and reduced in vacuo first
on a rotovap and then on a high vacuum line (4 Pa, 24 degrees C) for 8 hr to yield
the final product as an 0il (19.0 g, 69% yield).

F NMR (CD,Cly) 8 -60.2 (d, Je = 4 Hz, 3F); -120.8, -125.1 (subsplit ABq, J =
260 Hz, 2F); -143.7 (dm, Jrg = 53 Hz, 1F).

'H NMR (CD,Cl) & 0.9 (m, 12H); 1.2 (m, 16H); 1.3 (m, 16H); 1.4 (m, 8H); 1.5
(m, 8H); 2.2 (m, 8H); 6.3 (dm, Jrg = 54 Hz, 1H).

% Water by Karl-Fisher titration: 412 ppm. ‘

Analytical calculation for C35H69F604PS: C, 57.5: H, 9.5: N, 0.0.
Experimental results: C, 57.8: H, 9.3: N, 0.0.

TGA (air): 10% wt. loss @ 331 degrees C, 50% wt. loss @ 359 degrees C.

TGA (N2): 10% wt. loss @ 328 degrees C, 50% wt. loss @ 360 degrees C.
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and it _was heated to 125 degrees C at which tinme the

i nS| deT [ UL E’%?"ﬁo@id - WatRdded A -t enper at ur e
f?lta?idlﬁﬁgc %rﬁiﬁgt? @8"/C 18Q) %)r]]a(ﬁd I?éarﬁeﬁth%ade acetone

pressure drop 26 MPa at e vesse
WaS0 wdnt B nalxdilre wls genttyow2mede gSrOGmre@s C)' hetikcaluo@he Emim-

r tion duct wa e stall] recipitate
ieabEal bt surd bl B bt e LA T B0 E0R 2 e
gﬁgnt%rwﬁ&&y)wnogﬁtet(mEmAtseKS@j 71 @) $ROWRELIPA # reagent
esired product, while the spectrum of the aqueous
I@&@racsﬂ@mé‘tﬁoan@rrall but detectabl e anount of a
fluorinated inpurity. The desired isonmer is |less
soluble in water so it precipitated in isonerically
pure fTHess soltiifor3Ivaet ebmblned iy aVk Slasitipioda¢ing ialvildteSstecipitate
througT a fritted gl ass funnel, and the wet cake was

dKGQY The mixpareansHes 2t shdegsessdefor 8 hrp The Kppreqipitatg yyas
Dy, 1581854 Yo QOR Y REs Ryt = et s

18@02¢d bP filttatiosthopkh ta cAB/acdteke pdd. Hhe a@dfdne wad BenByved in

R LB A B md e S i (0. The

Hhlorbidim was washed three times with deionized water (50 ml), dried over

magnesium sulfate, filtered, and reduced ir vacuo first on a rotovap and then on a
high vacuum line (4 Pa, 25 degrees C) for 8 hr. The product was a light yellow oil
(22.5 g).

F NMR (DMSO-dg) & -82.9 (m, 2F); -87.3 (s, 3F); -89.0 (m, 2F); -118.9 (s, 2F).
"H NMR (DMSO-dg) & . 1.5 (t, J = 7.3 Hz, 3H); 3.9 (s, 3H); 4.2 (q, J = 7.3 Hz,
2H);

7.7 (s, 1H); 7.8 (s, 1H); 9.1 (s, 1H).

% Water by Karl-Fisher titration: 0.17 %.

Analytical calculation for C10H11N204F9S: C, 282: H, 26: N, 6.6
Experimental results: C, 28.1: H, 2.9: N, 6.6.

TGA (air): 10% wt. loss @ 351 degrees C, 50% wt. loss @ 401 degrees C.

TGA (N3): 10% wt. loss @ 349 degrees C, 50% wt. loss @ 406 degrees C.

U) Synthesis of tetrabutylphosphonium 1.1.2-trifluoro-2-
(perfluoroethoxy)ethanesulfonate (TBP-TPES) ‘
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Mp (DSC) 263 degrees C. Analytical calculation for C
HO4F8SK: C, 14.3: H, 0.3 Experinental results: C,

wa4002/038363 0. 3. TGA (air): 10% w. |oss @ 359 deQr/e@sm0&)37137

50% wm. loss @367 degrees C. TGA (N2) : 10% wt. | oss

@62 ¢egp %@? ngislioﬁgg/ ‘I)b%orillec? %ﬁi@x&% ?j]dg&fl ﬁ&gﬁlz&‘l Ghater (100 ml)

Synt hesi s "of "potassi um uor o-

Ghd tdttauebatyiitosponatnh aresidb {Ofat €afddibse KP0.A g)- Gk ininture
EENC T ST N T T
gg{a)ssmﬁo ﬂ?&?—triﬂﬁo?ézf-%gg&%ﬂ%{de%éﬂr)%ﬁ%ggsulﬁnﬁ@ (PES-RNG0.0 o)

I onl zed wat er this solution was
5va8 diskhlyed sdabninmswaton(460 mipheB& Welfrdegsee€C. Thawisatudidns

to 0.08 Ma, d with njt . T

S sarbise R A E Dot aRRHe AbrB derees C foy 2 b
REIUEBES L low@SoilhBiferd a8 ph&Tulct BRIOYFBY Y icphvdd Sideillted
PMWE, 600 g, 3.61 nol) and it was heated to 125

dathy eldoratorm (Ythidh themwashied onesiveléh pr equenue spdinB carhonate
. t A . .
VEiial18 535 Rt SR SRR LI D, it iz

atatsth(20Mnp) o1 Intwak higenvéssicdvepasagnesitmdcsuiatt sxote@teddondacuo
degrees C. Once cooled, a white crystalline
;ﬁr%cqnpfi rofprgmndithen b hgilovaﬁwaa Joe (3 Srnetidesaessi (gfog 2 b to

R B R L e BRI, e put e

desi red product,

F NMR (CD,Cly) & -86.4 (s, 3F); -89.0, -90.8 (subsplit ABq, Jrp = 147 Hz, 2F);
-119.2, -125.8 (subsplit ABq, Jir = 254 Hz, 2F); -141.7 (dm, Jpy = 53 Hz, 1F).

'H NMR (CD,CL) & 1.0 (t, J=7.3 Hz, 12H);1.5 (m, 16H); 2.2 (m, 8H); 6.3 (dm,

JFH =54 HZ, 1H)

% Water by Karl-Fisher titration: 0.29.

Analytical calculation for C20H37F804PS: C, 43.2: H, 6.7: N, 0.0.
Experimental resultsy: C,42.0. H,6.9: N, 0.1.

Extractable bromide by ion chromato gfaphy: 21 ppm.

The gas solubility and diffusivity measurements were made using a
gravimetric microbalance (Hiden Isochema Ltd, IGA 003, Warrington, UK). The
IGA design integrates precise computer-control and measurement of weight
change, pressure and temperature to enable fully automatic and reproducible
determination of gas adsorption-desorption isotherms and isobars.  The
microbalance consists of an electrobalance with sample and counterweight
components mside a stainless steel pressure-vessel as shown in Figure 18 and
described in Example 38, Table 31. The balance has a weigh range of 0-100 mg
with a resolution of 0.1 ug. An enhanced pressure stainless steel (SS316LN)

reactor capable of operation to 20.0 bar and 100 °C was installed. Approximately
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whil e the spectrum of the aqueous |ayer showed a snall
but detectable anobunt of a fluorinated inpurity. The

wa@edoawsssns was suction filtered through a fritterdr/yba®e037137

funnel for 6 hr to renove nost of the water. The wet

R LTSS e B 0o
ot g it i v
g E]é%nﬁﬁﬁ W& wa@m@m PHEPS (frfh er, mdef SgVRﬁﬁqioéeglan
Q}ergx%\r]lg)_algdj ftheh':ﬂllz f&rakgatmg':ﬁle eé!cl@r ﬁ) 10 g—%%r E‘Q&S%?%Bbgﬁmp

NR/Rlﬁ@Q @oddl BSB-(7djn Wit und@dedp VaI:IH)m, %Wmﬂe was heated to
l=Fis ration m _Anal ytical cal cul ation
bl it seigmal gl ecket Gorbiepteg ap st contoled

rc%ﬁé‘chﬁtste ?efﬁam@ ‘atlh ( bgg %s%ﬁ %ngg%lrég@:)é)gglg)u% A &Rny).

Ifbé@ p@c%isetlﬂsdgmeegsccmand' @Apérsignt watdrOdbxinre blywslun@ ®agused as

%4 | 357 d ! h
3R Emuiing T it s ISPRGRRRY (BEEN a0 F BRFAmBIe mass
(sﬂ:vlﬂ?’ d@@rebse% aJs 28kha Wvdf@*%ﬁl Ja8%(WdreGemB PG, | ORc/ 82 $R4ss had

was Charged wth a solution ©f anhydrous sodi um
sstebfilized iiozat tgasio6Q tinpothy sampli dim masmwas tesori@d g, TheOperQent

Svgpél?tq gl%gllal%glllsﬁ-]ﬁglcﬁla E{élté 40 was ‘the rangg '5% P{ %‘yl S

The IGA003 can operate in both dynamic and static mode. Dynamic
mode operation provides a continuous flow of gas (max. 500 cm’ min") past the
sample and the exhaust valve controls the set-point pressure. Static mode
operation introduces gas into the top of the balance away from the sample and
both the admittance and exhaust valves control the set-point pressure. All
absorption measurements were performed in static mode. The sample
temperature was measured with a type K thermocouple with an accuracy of + 0.1
°C. The thermocouple was located inside the reactor next to the sample container.
The water jacket maintained the set-point temperature automatically to within a
typical regulation accuracy of + 0.1 °C. Four isotherms (at 10, 25, 50, and 75 °C)
were measured beginning with 10 °C. Once the desired temperature was achieved
and stable, the admittance and exhaust valves automatically opened and closed to
adjust the pressure to the first set-point. Pressures from 10® to 107 bar were
measured using a capacitance manometer (Pfeiffer, model PKR251), and
pressures from 107 to 20.0 bar were measured using a piezo-resistive strain gauge
(Druck, model PDCR4010, New Fairfield, CT). Regulation maintained the
reactor pressure set-point to within & 4 to 8 mbar. The pressure ramp rate was set
at 200 mbar min™ and the temperature ramp rate was set at 1 °C min”. The upper

pressure limit of the stainless steel reactor was 20.0 bar, and several isobars up to
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w@2003/08836) . The vessel

cooled to 4 degrees C, evacuated to 0.08 MPa, and then
charged wi th hexafl uoropropene (HFP, 120 g, 0.8 nol,

was heated with agitatipPeT/US200&2037137
degrees C and kept there for 3 hr. The pressure rose

t ' f1 4. 83 .0..0.27
10,870 U, 95,080 B DR HPG o
aclligdidasyghilfthemy, élaioni cniggui-Parnagiss weret reaintadmed 4t Ret-point for a

react or pur,ged with nitroge The final solution
Rt e s e HEe-qie! $ Broved | n vacuo on a
rotary evaporator to produce a wet solid. The solid

was then placed in a vacuum oven (0.02 MPa, 140
degr ecBhedGA gndtigd explgitsotie celagai@ncpebavinh fellovang iptkssure and

i ch contained approximately 1wt % water., Th :
B aPE sPafiet o8 BRn IR Ty fer il b T o eent psepption
HnBSsMap©ao dpeaktUrtHeekaltithe biressdndhak $8E@ I detBimine the end-
extraction wth reagent grade acetone, filtration, and

drojatrfgr caphrsedieeny. Ghe)pegrentyrplaxation usyd)as anasl point. fpp ghegreal-

SR S’ oty gt pyberdty e S
(st get atl DYUpWMhe dcogmab@ daBaglegivesionGf tAOMOdEL frbnshe @quired

446 degrees C. TGA (N2) : 10%w . |oss @322 degrees
Catspes wet, atl by, @Ug tawgr beyva, for ayraghitacamsibion | was st at a

L guios £ NGNEST S 1L LuBUbithe Y2ubhla 1 dEHRLEY P

maintained less than 0.1 °C min™.

Safety features of the IGA003 included a pressure relief valve and over-
temperature control for the reactor. The factory-installed relief valve was
replaced with a DuPont guideline relief valve (Circle-Seal, set-point pressure 24.5
bar; DuPont, Wilmington, Delaware). To further protect the microbalance system
from over-pressure, additional relief valves were installed on the custom gas
manifold and on each gas cylinder; these relief valves were set to open if the
pressure exceeded 25 bar. The reactor over-temperature interlock controller that
comes standard on the IGA(QO3 was set to turn off the water bath if the
temperature exceeded 100 °C. Due to the fact that some of the gases tested were
flammable (i.e. HFC-32, HFC-143a, and HFC-152a), th(e IGA003 was mounted
inside a custom stainless steel cabinet purged with nitrogen that would minimize

the possibility of a flame.

Thermogravimetric measurements were corrected for a number of
gravitational balance forces introduced at high pressure as described by Pinkerton,
E. P., et al. (High-pressure gravimetric measurement of hydfogen capacity in
vapor-grown carbon nanofibers and related materials. Proceedings of the 11™
Canadian Hydrogen Conference, Victoria, BC (2001) pages 633-642). These

included:
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tetrafl uoroet hanesul f onat e
| -Butyl -2, 3-di net hyl i m dazolium chloride (22.8 g,

w@212/038363 es) was m xed with reagent-grade aceponesid&W7137

in a large round-bottoned flask and stirred

)

1185 hnles P CRRY T ores s t0 chanecs fprgsipre gpd fgmperature
@2)121 Abdbd&mpmicdiag dctdedertaied buderflowofgseacet one (250

m) in.a separate roundbottoned flask, and this

é%f ut iGRngREdN e RAANCP oSty qug 19 Alngeh i ignperalre and

di met hyldgm.dazol i urn chloride solution. The |arge

flask 'was |lowered into an oil bath and heated at 60
dépr eédl@nemdehangss inuthefsampled dhotor sxpaffieity. eact i on

m xture was then filtered using a large frit gl ass
funnel to renove the white KO precipitate fornmed, and

the fhkibAh@HNRS bRlaACEHIER Refifidy YeRYiBED bt ¢ftenf (Fthé same
hours to renove the acetone. The reacti on schene is

sidsrro i meagpipde(0. Symb meias thy overpl teighinehangei it sasnle gnd

; -t r t. e . .. v q.
a0 el IR P APPSR LARRERS puecissty oDistingishing gess
ehahdey witty ardaedugasy d>001 5% Ahdinatihand3@bnetin)esviihiged sample
conbined in a 11 flask and warnmed to reflux with
piigRiEtes geqitiep knowyledgr of the pample Weighd dorpyithingabput 5 to 10 pg.

di ssol ved. At roomtenperature in a separate 11 fl ask,
potassiuml, |, 2, 2-tetrafl uoroet hanesul fonte (TFES-K,

75. 6 Thy buagadtySoolevitsh ifollowsgfropuAirdhymettey’ prartipaie tiebd@s an
m ). These two_solutions were conbj ned at

N3 SR SXeEd ORI PG, FFULRIPR ik B ef fﬁlﬁgﬁésplaced- The

upward force (C, ) due to buoyancy is calculated using eq 1 where the mass of the

gas displaced is equivalent to the volume of the submersed object (V) times the
density ( p, ) of the gas at a given (7, P) and the gravitational acceleration (g). If

the volume of the object remains constant, V; can be calculated by knowing the

1

mass (m,) and density ( p;) of the object.

C, = Buoyancy = gV,p (T, P) = gﬁpg(T,P)
p.

(D .

Instead of using the gas densities provided in the Hiden Isochema IGA software,
the gas density for each gas was calculated using a compufer program (REFPROP
v.7) developed by the National Institute of Standards and Technology (NIST)
(Lemmon EW, et al. [NIST reference fluid thermodynamic and transport
properties — REFPROP, version 7.0 user’s guide, U.S. Department of Commerce,
Technology Administration, National Institute of Standards and Technology,
Standard Reference Data Program, Gaithersburg, Maryland, 2002]).

The buoyancy correction using the IGAO003 system involves many

additional objects for weighing the sample. Table 31 provides a list of each
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2 hr under positive nitrogen pressure. The stirring
was stopped and the KO precipitate was allowed to

W@ ea07/088363 hen renoved by suction filtration throUyk2006/037137

afritted glass funnel with a celite pad. The acetone

PR C OBl BRI ey SO0 rharerld]® RiighSng
(teiﬁ)lﬁ)srmﬂu)e drick c$>mponernglmahgehndﬁ e Frure 1 hipadatolbomagshatpnce as
The xture s again suction_filtered and the acetone

Pg%’i’fmééi et VRS %SS’QP\?QC%WOB thesgrgation of pllcagaponents as

L G ERufion S5 TR, BP0 R ey 048 or
@t ) w;inc?h gbcﬁ%n DI\/% &h@bﬁ'%mcezf )19(1th1 ﬁ) B d"?l"he rlensﬁ?%f bz é Par)

J =7.

%ﬂ;ﬁmg@%tegnggre&%h aﬁg')g eﬁgmg yh sgﬁggc'teidﬁsr&n( b, 1£d 7 R%E'%use the

tzlmt% gﬁ?négnwgre@ﬁzg; %Ar%j]‘gh in % \ter by Karl -Fi sher

yt| cal cal cul ation for

COH12F, % %gl_ 8. 8. Experi nent al
Resul t&;MmC; 23M,; 6 H—ﬂL (Tp PNt P XGAP) &) T+ M,0% wt
| oss @'380 e‘.ﬂegreeg % 50% wt /- 1Fgss @120 degrees C. TGA

(N2):16vat | o0ss @375 degrees %wt.loss@
422 degregs, / 55 @ ot %t@yl = fgding

thylim faze | um |J , 2,2+ tetrafl uor oet hane sul fonate To

a 500 round bottom fl ask was added

| - et hyl™-3nmet hyl i m dazol i um

The largest contributions in eq 2 are typically those of the sample container,
sample, and counter weight; the other referenced objects in Table 31 contribute
less because of their larger densities (denominators in eq 2). Physical densities of
ionic liquids were measured using a Micromeritics Accupyc 1330 helium
pycnometer with an accuracy of  0.001 g cm™ (Micromeritics Instrument Corp.,

Norcross, GA). Initially, the volume (¥, ) of each sample was calculated from its

pycnometric density (p,) and dry mass sample weight (p,), but volumetric

expansion (AV/ 170) due to the gas absorption was later taken into account as

described below to more accurately determine the buoyancy effect.

The systein was operated in static mode that essentially eliminates any
aerodynamic drag forces due to flowing gases. Electrobalances are sensitive to
temperature and pressure fluctuations on the beam arm and internal electronics.
To minimize this effect, the balance electronics are heated externally with a band

heater to a temperature of 45 + 0.1 °C. In addition, the component temperatures

provided in Table 31 are measured for the sample (7,) and all others are
estimated. Therefore, a correction factor (C,) was determined as a function of 7,

P by measuring the buoyancy effect without a sample and calculating a least-

squares fit to tare the balance. The correction factor was on the order of 0.1 to 0.3
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chloride (Emmd, 98% 61.0 g) and reagent grade

acetone (500 m). The m xture was gently warnmed (50
waolegrmesssel) until alnost all of the Emi mC di BEDUS®A6/037137

To a separate 500 ml flask was added potassi um

2- f.Lu u

R e R

lpsreslsuree was stirred magnetically at 24 degrees C until

all of the TFES-K di ssolved. These solutions were

conbined in a 11 flask producing a mlky white

Suspe 't19py thmgmml?&hﬂf SuiSvShieveR Bhsiddred89bE @c?nsﬁnt and

for 24 precipitate was then all owed

dleet thade Ifmtmm gsowbdite aualcg;ldae@h vgthout |tdnn@bnweaqcpuﬂthbuoyancy

reacti.on m xt revvasf e

CEPT SPRITIENL® RS ek R BOPF T Raney) Sexmgction
faupnelind Gqhi@nei@nt BRasel a s-l;ﬁﬁleafﬁ@ltaq@&tﬂbﬁ%véﬁg@\f@dthb Mnolar
vacuo first on a rotovap and then on a high vacuum
ohend, 47, Pavas aBeddegrees C) for 2 hr. The product was a
viscous light yellowoil (76.0 g, 64%yield). The

reaqyt gjqqa)&czﬁlgge a'spéjggvm bel ow. 19F NVMR (DVSQd 6) d
-12477 7. 7(dt =°6 Hz, JFF = 6 Hz, 2F); -138.4 (dt,
JFH =(38 Hz, 2F). 1R NMR (DMBQJ 6) d. 1.3 (t, J = 7.3
Hz, 3H); 37(s 3H); 4.0 (g, J = 7.3 Hz, 2H); 6.1

(t twhdﬂ@HV53W / AFknd $ téprestidy ;the. Boles, frackpn of. Bas( & the
% 8.5 (s, IH. %Water by Karl-Fisher titration:

619)

%%
v (T,P)=F, (T,P)K My }{ e H
Mw, ) \ MW,
4)
s T ,P)+ P)=V (T,P)p.(T,P
Ps(Ts)pg( ] ( 3 (T, P)=V, (T,P)p (T,P)

()
As a first approximation, eqs 3 and 4 were used to estimate the change in the

liquid sample volume, V,

» at the measured 7, P conditions. Eq 5 can be
substituted into eq 2 to account for the buoyancy change with respect to sample

expansivity.

Besides the equilibrium solubility, time-dependent absorption data were
also gathered using the Hiden gravimetric microbalance for each T, P set-point.
In order to understand the time-dependent behavior of gas dissolving in liquid, we
applied a mathematical model based on a simplified mass diffusion process.
Imagine a flat-bottom sample container filled with ionic liquid at a certain liquid
level height (L). The height is determined by knowing the cylindrical geometry
of the sample container, dry sample weight after evacuation and heating, and the

ionic liquid density at the proper temperature. After evacuation, the gas is
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Anal ytical cal culation for C8H12N2Q3F4S: C, 32.9: H,
4.1: N, 9.6 Found: C, 33.3: H 3.7: N 9.6. M 45-46

wolegrosssel. TGA (air): 10% w. |loss @379 degrPE€FUR006/037137

50% wm . | oss @420 degrees C. TGA (N2) : 10% w. |oss
0
@Rt oS Fysto i LR EAL, I8R1ERS Syl o o gven
hmpﬂrhmm otplsxmpﬂ raamuhf «»ﬁm eviIl[cstaat dissblving mdo Betiboinlifhas knd
1 -ethyl - dazowmchlo.'de .

CBRF theTeigaiof bt ) Tedl o LRGBAD P b8 SUL e ek the
%])ubllfﬂ?‘ Gnd Xt t%é %ay\/ﬂﬁ»ﬂﬁ%ﬁ&}hq‘ﬁ/ﬂf ﬁ&ﬁe eR@ndesHELS Thls transient
until al nost al di ssol ved. To a

beb@mn withy @mfms Iﬂ¢@é¢d wa@esatdlat@ob}psmél@ﬁ; NMmBL and Qkoaek;f
B di” e PR e D0 1 S Bl Ry By "

\@ﬁz%‘raﬁdrﬁdommemi:adyi)y at roomtenperature until all
of the HFPS-K di ssol ved. These sol uti ons were conbi ned

and stirred under positive N2 pressure at 26 degrees C

3y SR D SRS T o

bleeause ya laopossﬂjlmtavohltmhouﬁ hebt of hmixiegctheo Bu‘tmeqdent diquid

was filtered %gcl hrou (glﬁl I te/ acet ne tga%ﬁand

£6AYiPR B8 fhihs lpeal ¢ PSR a5 e {15h&OREstion

[REDME Ghd Qlei»iﬁi;“ falfféléﬁée Oaﬁlda D ggyﬁmeael%ntge e WerMoPhyiital

vacuum | i ne degrees C) for hr. The

properties of the 11qu1d The followmg assumptions were made for the dissolving

gas (Shiflett, M. B., and Yokozeki, A. (supra); and Yokozeki, A (Time-dependent

behavior of gas absorption in lubricant oil [Int. J. Refrigeration (2002), 22, 695-

7041]):

(1) Gas dissolves through a one-dimensional (vertical) diffusion process, in
which there is no convective flow in the liquid.

(2) A thin boundary layer between the gas and liquid phases exists, where the
thermodynamic eciuilibrium is instantly established with the saturation

concentration (Cy), and where the concentration is constant all the time at a

given temperature and pressure.
(3) Temperature and pressure are kept constant.
(4) The gas-dissolved liquid is a highly dilute solution, and so the relevant

thermophysical properties of the solution do not change.

The process may then be described by one-dimensional mass diffusion due to

the local concentration difference. The governing differential equations are:

2
sC_p2c
ot oz
(6)

Initial Condition: C=C, whent=0and0<z<L
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product was a viscious light yellow oil (103.8 g, 89%
yield). The reaction schene is shown below. + KC1 19F

WORMR7(OBEOd 6) d -73.8 (s, 3F); -114.5, -121. OP¢HB8§2006/037137

= 258 Hz, 2F); - 210.6 (m IF, JHF 41.5 Hz). 1R NMR
(DI\/SO@IDG) d 1.4 (t, J =7.3 H, 3H; 3.9 (s, 3H; 4.2
(g, J'= 7.3 Hz, 2H5); 5.8 (m JHF = 41.5 Hz, IH); 7.7
(s, | BbundargCosditibhd): ;C 2.Cl; (whent HD.andz\A4 er by

Karl - Fi sher titration: 0.12 % Analytical calculation
for CBIL2N2ABF6S: C, 31.5: H 3.5: N, 8.2

Experinental Results:.C, 30.9: H 3.3: N7.8. TG
(air): 10% wt. | oss @342)degrges C, 50%wWm. loss @
373 degrees C. TGA (N2 : 10% wt. |oss @341 degrees

C, 50%w. loss @374 degrees C. | ) Synthesis of

1- hexyl - 3-met hyl i mi dazol i {1, 1, 2, 2-

tetraf r.pet . te - | - 3- Bl | i
ol i BRGNS R ks Y iR pOREARRAL e
reatienf ghrde adeikanal (ctbdyl2), witera 1l & the depth of ionic liquid
round-bottoned flask and stirredvigorously under a_

i theoepatpingrasiker = Porassionds to thexvapor-bigyigdfioysdasst Hants an
sul fonate (TFES-K, 10 g, .0Q. 0455 nol es s added. t

AR HAQECHNS CBesISiREOR fééﬁerﬁlasowﬁn%\g%% @Vﬁ 1914570 Ginitafly) or a
el gintt&gta}rﬁﬁﬁfjatfzj 25K, pafdhd BitfasR! dabFRibramt $P4BhMHEd 16 be

constant.

Eq 6 can be solved analytically for the initial and boundary conditions eqs

7 - 9 by a standard method such as separation variables or Laplace transform and

25 expl— A2D¢)sin A
c=c, 1—21—32 pl-A2De)sing, 2 ,
C i

S n=0

yields:

(10)
1\#x

where A = (n + —]—.
2)L

An experimentally observed quantity at a specified time is the total concentration
(or mass) of dissolved gas in ionic liquid, and not the concentration profile in z.
This space-averaged concentration at a given time, < C >, can be calculated from

eq 11.

L
<C>= dez/L an
0
<Cs=cy1-21-& ZeXp(f;'D )
CS n=0 Lll n
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t he | -hexyl -3-nethyl i m dazolium chl ori de/ acet one
m xture. The m xture was left to stir overnight. The

WO e@csssn m xture was then filtered using a | apgBUS2006/037137

gl ass funnel to renpbve the white KO precipitate
formed, an he filtrate was placed on a rotary

evapor at or r 4 hours to renove the acetone. The

r eact iAdthosgtheqre2 icentahsvan llnﬁhﬂWsuxﬂj)llaﬁymtd‘lfbﬁiﬂE fafst few terms,

éégq?ng %%ﬁ@l&%% nga O!érle%?f icient 1n practlcal applications. In this

o@d%y' mﬁlﬂaﬁs@ydvmt%ﬁﬁétw Mt @hi 48mb 3¢ndb tHe RimdekRal
€s) was partially dissolved in reagent-grade

acigtibntgon tmmeMu)mnamoa inaxge>rpeanie Dotst thaed 07 1. a8y amatyzing

stlrred rou Pot assi um
Pariional R A oo PR RLNP cohiied esgkuretin sgngntration
19 S BEGESIn Vet AT I o 9iveR 79801, WIRACC AG8 BRRyd 400
g_'cf)ll%}] a sep%r ate rggﬁc? %t)tetomad flask, ‘and this
solution was carefully added to the 1-
dodecyl - 3-net hyl i m dazol i um chl ori de sol uti on. The
ME K xture was heated at 60 degrees C under
pproxi mately 16 hours. The reaction
S%{etcm(lgwasgt hen filtered using a large frit gl ass
f unnelinfirdter actinity tcheffistentse akdl sqmasoamtmst ateshowned; senekal
the filtrate placed on.a rot eva or at or r. 4.
ﬁ%falrggramﬁ Pkl 31 hBbe sdegi T el atgvehf@n%{“8§2 m 1-
J -rﬁ@th 1d|§}01§)fﬁ‘th@§a?h§>r(gfhosphate {bmlrrzl][PFd Standard activity
exadecyl - 3-net hyl 1 m dazol i um 1
tceeﬁﬁafehu orodels {8ngs Shfidlerat@hemical and Engineering Thermodynamics,

3™ Edition (1999) John Wiley and Sons, Inc., New York, Chapter 7) were used to

fit solubility data in order to calculate the infinite activity coefficients.

As shown, HFC-134a, HFC-152a, HFC-125 and HFC-143a have
selectivity values well above 2.0, which suggest that a separation of these
compounds from HFC-32 by extractive distillation is feasible using [bmim][PFg]

as the entrainer.

The solubility curves for these refrigerant pairs are shown in Figures 3 to 8
at constant 7 of 10, 25, 50, and 75 °C. The differences in the solubility curves
for each hydrofluorocarbon tested can be described by plotting the pressure (P)
divided by the saturation pressure at a constant temperature (Po) versus mole
fraction of the hydrofluorocarbon absorbed in the ionic liqnid. The large
differences shown in Figure 17 indicate that ionic liquids such as [bmim][PFe] in

this example can effectively separate these hydrofluorocarbons.

In addition, selectivities for O, and hydrocarbons can be calculated using

known solubilities as found in D. Camper, et al. (Eng. Chem. Res. (2004)
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1- Hexadecyl - 3-net hyl i m dazol i um chl oride (17.0 g,

0. 0496 noles) was partially dissolved in reagent-grade
wae®ross36 100 M) in a |arge round-bottoned flBSkUSI6/037137

stirred vigorously. Potassium

; rraf | f t
0008 ke R FE O B0, Sr el da8 8
ridl Pi Humoa@mgadtezl.r(hlﬁmbnb @nigobetd (RO KE:480€86hi s
solution was carefully added to the 1-
hexadecyl - 3- et hyl i m dazol i um chl ori de sol ution. The
reaction m xture was heated at 60 degrees C under
reflux for approximtely 16 hours. The reaction
m xture was then filtered using a large frit gl ass
funnel to renove the white KGO precipitate forned, and
the filtrate was placed on a rotary evaporator for 4
hours to renove the acetone. The reaction schene is
shown bel ow. KCO') Synthesis of
1- oct adecyl - S-net hyl i m dazolium 1, 1, 2, 2-
tetrafl uoroet haneul f onat e
| - Oct adecyl - 3-net hyl i mi dazol i um chloride (17.0 g,
0. 0458 noles) was partially dissolved in reagent-grade
acetone (200 m) in a large round-bottoned flask and
stirred vigorously. Potassium
1,1,2,2-tetrafl uoroet hanesul fonate (TFESK, 10.1 g,
0. 0459 noles), was added to reagent grade acetone (200
m) in a separate round-bottoned flask, and this
solution was carefully added to the 1-
oct adecyl - 3-net hyl i mi dazol i urn chloride solution. The
reacti on m xture was
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heated at 60 degrees C under reflux for approximtely

16 hours.

wa@200a088365 rit gl ass funnel

precipitate

f or ned,

The reaction mxture was then filtered using
to renove the whit eP®OUS2006/037137
and the filtrate was placed on a

rotary evaporator for 4 hours to renove the acetone.
The reaction schene is shown below. M Synthesis of
EabieoySeldetivity|R @iobasded Infinite daeity Coefficlen?, 2-

tetrafl uoroet hanesul fonate I m dazole (19.2 g) was

added to of tetraliydrofuran (80 ms). A glass shaker
tuoe Feaction vessel was + ?&aﬂn‘eﬁ kt heInfinl
t&;gn{a@lf_m No1duit Haaid € I on % Selectivity
coo 0 18C, evacuat ed to 0.°08 MPa, e,ffu ﬂﬁd w th
] e eua.g”ate ge r\\/r\l e e thwo
rmrg%ﬁ'%s. Tdbrml BFsbe! hyl enle( TFE, ggg%i@t hen  1.0000
added to the vesset, and(it heat d T 50e €51 0000
C, at which jtine the inside pressure|was about 0.[72
MPa. As the [TFE pressure|decredsed dye tm799260 1.0000
reaction—nore TEFE was-—agddedi-n—snalli—aligquets
each) to maintai n operat an pr7e§ssure roubﬁ-’f%ﬁ@etvdeen 1.0000
and 5 ce 406; of —TFE gen fed;
the \l/;g";gzel V\lagb\i/}{ehrﬂI BdF‘%nJI cooled to 25 ddeqr ees C. The
THF was then renoved under vaadfum and t he9gt7aduct| was -
_V_acuum_dl Stl | | nr*l at— 40 r*l nr ees—C t o | QL{;Ir pUr-e pr OdUCt
as shown by [IH and 19F Nq\/R (yi¥ d 447g) . 198438 opane -
. mXed W th 75 1.32915 _
I -(1,1,2, 2-tletrafl uoroethyl)i m'dazol € (16 289 ? in dry
acEFKMv1B44 | e ([bOUImI{PFs] and t hel0 1.667320 2.3950
25 1.827300 2.9976
50 2.439530 3.0522
75 3.093420 2.9961
HFC-152a [bmim] [PF;] 10 0.844508 1.2131
| 25 1.018130 1.6702
50 1.641290 2.0535
75 1.782670 1.7266
HFC-125 [bmim][PFg] 10 3.294988 4,7330
25 3.588462 5.8866
¢ 50 4318588 5.4032
75 4.870422 47172
HFC-143a [bmim][PK;] 10 3.977224 5.7130
25 4.137623 6.7875
50 4.473862 5.5974
75 4.691909 4.5443
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m xture was refluxed for 3 days. The sol vent was
renoved in vacuo, yielding a yell ow waxy solid (yield

wQ@200g)p3s83¢he product, |-propyl-3-(l, 1,2, 2- PCT/US2006/037137

tetrafl uoroethyl )i m dazoliumiodi de was confirnmed by
I%—k%]gﬁz CD3CN) [ 0.96 (t, 3H); 1.99 (m 2H); 4.27

(t, ; 6.75 (t, IH); 7.72 (d, 2H); 9.95 (s, IH].

| Sepactetion?ef aopnistase tdmprisidg diflnarofifetiinecmdopentaftwirosthane
foll owed by 15.4 g of potassium

1,1,2,2-tetrafl uoroet hanesul fonate in 75 m of dry
aceto LS&ER :
overn P@;}]tA-EESn Ipm%y r?g e&?\i |Sit?§ﬁ%t?dglc %is t%g?cg %(\?vas %ﬁlrr% gmacuve
(dmﬂhﬁsm processdfod éhe sepasation of armixhas conoster, off diflbenoestthane

t he solv nt fromthe rate was.re ed us
B ey S0 AN PRSI HB TR P Yahar 15 LG e A b (i Sheet
REPYR dhiy @H'ﬂlaﬁdﬂ écﬁﬁistscm 2 MAlR cBRaHAabINES witH RAaBFac and two
purified by adding 50 g of acetone, 1 g of charcoal, 1

cputift Bashi dremardor thegegdnewitioh od tfgeeionmﬂltﬁendrmﬂuwblcmg recycled

red for 2 ho filtered .d t | vent [enp

Tk el rotfudn o PG i Fhehe oy RV Pt BB I Lepor
q&&ssﬁl@:dofﬁh@ doteie 1lighidSyhd hReh snt@lconsideration by fitting the Extended
| - butyl-3-nmethylimdazolium 1J. 2. 333-

heRaRie LRIUBReTD pfahlésﬂpafeowa%m( Bhe dpmEpiguid was treated as a non-
I

Sigpng’ R ThAE SGblToG g0yl el e 3l e,
ctherbfone d then mfemﬂgafté(hsVamnm«ymd nBqbitiorium f (Va]x;E)Mdata could be

n@g?ﬂettesﬁiy et BB Pegnisatioh R aavify cpgfhciat. Kehtandom two-
u?@S(N‘KT’L) bindry3 idteBichExX Aok HRSORT EaNeHahAeRt €hemical and

PS-K
Engmeermg Thermodynamlcs 3™ Edition (1999) John Wiley and Sons, Inc., New

York, Chapter 7) between the hydrofluorocarbons and the ionic liquid were
generated using (P, T, x) data obtained from solubility experiments (see Examples
3 and 4 for solubility data for HFC-32 and HFC-125, respectively, in
bmim[PFs]). Table 3 shows the modeling results for the separation of the mixture
comprising HFC-32 and HFC-125 using bmim[PFg]. Two cases were evaluated.
The first case consists of a mixture of 95.11 mol% HFC-32 and 4.78 mol% HFC-
125, which forms an azeotrope at 10 °C. The second case is a mixture of 50 mol%
HFC-32 and 50 mol% HFC-125 at room temperature (25 °C). For the first case,
the hydrofluorocarbon mixture (feed) is fed into the main column through stage
13 at 10 °C. The ionic liquid is fed through the 2™ stage of the main column at 0
°C.  For the second case, the hydrofluorocarbon mixture is fed into the main
column at stage 21 at room temperature. The ionic liquid is also fed into the

column at room temperature.
As shown in Table 3, over 98 percent of the overhead product (HFC-125)

fed into the main column is recovered in the first and second cases, respectively.

The purity in both cases is over 99.2%. A higher purity HFC-125 is produced in
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di ssolved in high purity dry acetone (550 m ). These
two solutions were conbined at roomtenperature and

wa@bdoamssies o stir magnetically for 12 hr under ppST/US2086/037137

nitrogen pressure. The stirring was stopped, and the

| B it itioh1D5.18 hd1 32
e Rig AL AP AR Rl e s e
f urgeholdd HIFCal xR |is feel ingudlthe Thain aoboneiaveager Snasvendnpaned to

. ai I ] il. . Th il f h
O Ry e 395 At (BP9 Ea P gl s o yhe
?éﬁ‘énérﬁtii&f bPgndMibRc dl?(?:fi’&l Qah 2418 b6 Aeb®Nn (BotB)casekhe When the

m-xture was suction filtered and the acetone renoved :
azeotrapis@otnposjiive (@se b) isrfbdigo tielcolunin, 92des (G233 Heys) of the |

788 k8 a2 Rt R TR RO e Facv b BB i yhen
Helisdure 0E3D. R0l ABFC-32 268 56imol ZFNFC-12816 .féd (o thke éddumn,
Hz,  ITF). 1H NMR ( DMBQOd 6% d 0.9 (t, J=7.4H, BH}; .
2194 165-12114) ke/s) of (thy OJKf5 ke/oHFEC-325d injo she andiy cohipn is

Hz, 2 : ( = . Py )%
vl iy St Thefafifinie HEC? ExbockSretitic fesfind fash
Qruk? o%erhémi! Yhisaaduces tisudmour nf impuiiddlidFBd2@8S]iq@d being
35.7: H _4.4. N, 7. @. Experimental Results: C, 34.7:
recygled fo Igss thap 0.3l %-ai r) . 10% wt. | oss @ 340 degr ees

C, 50% w. |loss @367 degrees C. TGA (N2) : 10% wt .

| oss @335 degrees C, 50% w. |oss @361 degrees C.
Extractabl e chloride by ion chromatography: 27 ppm
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O Synthesis of |-butyl-3-nmethylim dazolium
[,1,2-trifluoro-2- (trifluoromnethoxy)ethanesul fonate

W@ B osSBEES) | - Butyl - 3-met hyl i m dazol i urn chl op€TES2006/037137
(BmMmmd, 10.0 g) and deionized water (15 m) were
conbi ned at roomtenperature in a 200 m flask. At
roomtenperature in a separate 200 m flask, potassium
I, 1, 2-Ttablef3. ulspen Resglts i f | uor onet hoxy) et hanesul f onat e

({ TTEC. K. 16 A ) wace i cnlvad. i daoi nn| 7ar~| wat-er (0N
\ T LI ™4 I\’ - T vl vvuu. AT PO U1 V\, | T \w p ey | VA 2nd\C
m ). These two_solutiond r¢ﬂ$ﬁnpd atl_room_ ase

t enper atRee@ Flowl al | oned to stir magnetically for 30

m nlonmimBenihdE) (ke ni t ogen p3.84%ure to|give a 3.9472

bi phasBEFQBX{kyy® Wi th the desi0.e@9 onic lli quid asi.1445

bot t onypbas.(kdBe Tayerg were gepzg ated, |and the 3334

AGHROUSs AR gRyracred wdy g5 X 50 11 por i oy Of
Iéfct,ﬂi'du‘fd' L&I]e b G5 Fhrefconbi ll%i)ggdlll cfayers VeIl 5
et col unoul frate—antd—cohrecent+rated—in—vacto-
Thn co faxsusd nrorhlct RS dri ejéﬁaFJ{LA bL at
DA}E&TI%QY&W%Q{%’)TO afford q-Q’J’z)?n of rrndlmL %ﬁ3

|_NVR HBGSER sty (<i96. 8 (. JFH 294%+, 3F); - 119 %9.7%

et aEllv”

11D AFHIC s pbitempiy/s) ) 5 260 HE22HF); -142.2 (dm40%¥H
= 53 flhcorkiidal sthgesNVR (DVBCOd 6) @80.9 (t, |J = 7.4 H2§
3H) Dpéra&né@‘res&h'k(PaT) 8 (r 2H); 309 (s, 3H); 4.2 (t10%9
= 7.0 MRefigkFatioB- © (df J = beJ?J = ([Hz, TH)S o2y
53 '~@mqf§1‘31c1‘a‘tagp' Bk fTS - T o VatErThy
T\SLIP11EE, éﬁagllallull LJ. | <A

5
FF
P

£ ol .
" Condenser Temperature (K} AT A 286.38
Reboiler Temperature (K) ' 346.97 398.56
Condenser duty (kW) -1.43 -14.47
Reboiler duty (kW) 358.01 714.62
Flash drum 1
Operating pressure (Pa) 10° 10°
Operating Temperature (K) 348.15 398.56
HFC-32, Overhead (kg/s) 0.2531 0.1315
HFC-32, Overhead purity (xw1) 99.9% 99.6%
Heat duty (kW) 76.31 23.10
Flash drum 2
Operating pressure (Pa) 10° 10*
Operating Temperature (K) 348.15 ’ 398.56
HFC-32, Overhead (kg/s) 0.0217 0.0125
HFC-32, Overhead purity (Xws) 99.9% 99.8%
Tonic Liquid, Recycle (kg/s) 3.9472 3.9472
Ionic Liquid, Recycle purity 99.7% 99.8%
Heat duty (kW) 5.59 2.21

Overall heat duty (kW) 44134 754.40

Examples 3-35 provide solubility and diffusivity results for several
hydrofluorocarbon compounds. These data are used for selectivity determinations

(as shown in Example 1) and for Aspen® modeling (as shown in Example 2).
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Experinmental Results: C 34.0: H 4.0: N 7.1. TGA
(air): 10%w. |loss @328 degrees C, 50%wm. loss @

wah7assgeres C. TGA (N2) : 10% w. | oss @ 324 PEQOURME6/037137

C, 50%w. |loss @351 degrees C. Extractable chloride
by i oM GhH-AEed 00F AR Wiouies 3 —p@rgho@) stl@%dsd1%31V1ty results

| - butyl - 3msthyI|mdazoI|um 2-trifluoro-2-
(fmeswembrlwétdfbwygoathmaﬂéHECf%é{E(lBﬁ; HFCPERR, HFC-143a, and

R it o, HEPelhi AEd 0oty odhn i 757kC

(TR RIoHE GydB ﬁeﬁa%h EHat fcbASed A P?[P@@Zt &P ﬂﬁﬁl&ﬁ’]{lﬁ%% From

a separate 200 'm potassiuml,|,2-trifluoro
(@pewtfQ. 3t zdmuhékg)rmlh am;sru‘.lotf dﬁFﬁ é2 @T@Eesem,pemalr@ rgige isn 10
di ssqglved in dry. ace (300 These. two sol utio

78 T B O R PO Rolbi) GrlgHBRiogariey: Pgpargd hat
RondiftEebe H@@Lusva@ldr[bﬁﬁrﬁgﬁps] RS SR 0. ﬂaeabts&ﬂ 65.1 mole percent
precipitate was then allowed to settle |leaving a
of[HFT-35 osal aitangreratmevenget fromiH® toekctC@ aina presgure érowmsbout

tered once through a celitel/ acetone pad. a aLn
tOI'Jr &ng@ bary , Copmgs S%w% RF@pTed oAb foRustec &F %&acg 4 and
EEBI%ErﬁHPFA’J’aﬁoﬁe%Y@@ 1 B ¥B&HOo7A 1 msdle gaer@enf qumlmoleer a

then on a high vacuumline (4 Pa, degrees C) for
htmp@e’@r@l maiger@bmv\kis tcsf75I°IC ptr eqirgistieet frogp ghtut @tl th 8.5 bar.

| utign, so neth chlor e ( add
Attesthtos SR e e RS et UG e g (R P from
G8b@N. 7 &5l akik 06. (Rl peReetHl of: Hﬁ@q4§9wéﬂ PRmPRHINRE ke from
over magnesium sul fate, and the solvent was renove
V&dadS °C at a pressure from about 0.1 to 7.5 bar. Compositions were prepared
that consisted of HFC-152a and [bmim][PFs] from about 0.5 to about 79.7 mole
percent of HFC-152a over a temperature range from 10 to 75 °C at a pressure

from about 0.1 to 4.5 bar.

Examples 8 — 14 and 17 — 29 and Figures §, 11 - 16 show solubility and
diffusivity results for HFC-32 in several additional ionic liquids.

Examples 30-35 show solubility and diffusivity results for HFC-134a in

several ionic liquids.

Examples 15 and 16 and Figures 9 and 10 show solubility and diffusivity
results for HFC-23 in the ionic liquids [bmim][PF¢] and [emim][PFs].

Compositions were prepared that consisted of HFC-32 and [bmim][BF4]
from about 0.1 to about 76.5 mole percent of HFC-32 over 2 temperature range
from 10 to 75 °C at a pressure from about 0.1 to 10 bar. Compositions were
prepared that consisted of HFC-32 and [dmpim][TMeM] from about 0.9 to about

66 mole percent of HFC-32 at a temperature of 25 °C and a pressure from about
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WO 30070383690. 1 (subsplit ABq,

to give the product as a viscous |light yellow oil
(12.0 g, 62%vyield).19F NWR (CD3CN) d -85.8 (s, 3F);
JFF = 147 Hz, 2F)PCHUDNGY37137
-122.4 (subsplit ABg, JFF = 258 Hz, 2F); -142.2 (dm

Hig 193bdi - Qorks -
S0 0 GieostipS AT G Poliised o Q-3 and
Fordind] [ HizTon2 pout@.4tq ghout 41.6 nxde Hercentr)l HFCH2(as a tempperature
7. IH: 8.6 (s, IH. %W by Karl -.Fi sher
oF 25 5 ot & brepise i i Oof Ko 4§ by aCPBROTGPS Were prepared

FCC 8oi HiBRRb @l 46f t 3

G 2 oA Ay G e
Gf HHIMBMat al tesper@BEIf ASdi(tasd €. pravddre( K2m: abb0e@Mtto 10 bar.

05 Q530 efiass © LSO | S13,0 0 e cen o Qo
R R T

ipBdsbre |froat bblodtet T adBX dr( tCompusitionk )weapd pesphedithan consisted of
chl oride

ho 167, 34 d dei opi zed
(5502 04 [ e G onbiieP Rby Srpker ahtl REC
i eyl I |
2, 802 RAPUERPT B ot SartotiT Brat o, Hpl R°B) 40, bar
Qomymsitading Swery @tbpareddbatorvinzisttd et IEFC(G2140 [pimpy][BMelg from
sol utions were _conbjned and_stirred under positive
BPesh? &0 akow §3deppieairreent 8f HYChi2 Br biCKRN thpky and 2

pressure from about 0.1 to 10 bar. Compositions were prepared that consisted of

HFC-32 and [emim][BMel] from about 0.1 to about 78.5 mole percent of HFC-32

over a temperature range from 10 to 75 °C at a pressure from about 0.1 to 10 bar.
Compositions were prepared that consisted of HFC-32 and [bmpy][BMel] from
about 1.0 to about 64.8 mole percent of HFC-32 at a temperature of 25 °C and a
pressure from about 0.1 to 10 bar. Compositions were prepared that consisted of
HFC-32 and [emim][TFES] from about 1.0 to about 47.1 mole percent of HFC-32
at a temperature of 25 °C and a pressure from about 0.1 to 10 bar. Compositions
were prepared that consisted of HFC-32 and [bmim][TFES] from about 1.0 to
about 55.0 mole percent of HFC-32 at a temperature of 25 °C and a pressure from
about 0.1 to 10 bar. Compositions were prepared that consisted of HFC-32 and
[odmim][TFES] from about 1.0 to about 56.2 mole percent of HFC-32 at a
temperature of 25 °C and a pressure from about 0.1 to 10 bar. Compositions were
prepared that consisted of HFC-32 and [hmim][TFES] from about 1.0 to about
58.6 mole percent of HFC-32 at a temperature of 25 °C and a pressure from about
0.1 to 10 bar. Compositions were prepared that consisted of HFC-23 and
[bmim][PF¢] from about 0.1 to about 52.8 mole percent of HFC-23 over a
temperature range from 10 to 75 °C at a pressure from about 0.1 to 20 bar.

Compositions were_ prepared that consisted of HFC-23 and [emim][PFs] from
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we blogoss3e3 m (300 m ).

white oil. The oil slowy solidified (439 g) and was
renmoved by suction filtration and then dissolved in
The remai ni ng aqueous | aRET/USPbBb/637137
2) was extracted once with chloroform (100 m). The

CRLR'PT R 4P h@Yﬂ%ndT@ &cGRTP IR 2B MASAGE WL By @from 60
8 utt1on %ro ?

aqueous sodi um car bo ate so tore
anys &Ciatla prassypel fiotryaboih@y teve0 éait hen dri ed over
magnesi um sul fate, suction filtered, and reduced in
vacuo first on a rotovap and then on a high vacuum

l'ine (P‘%%LF 7817 HH0wd 8 §d 90‘[1‘{ ﬂgaljs%élmihﬁr%%% oﬁ'}l %c{l@ ?ractiog;')__ at

final oduct as a te SO

MWRC(CEWE‘@Sﬁ&)H&ﬂFCZEﬁZ?HF@SlSZ&F}LFC—m HFGII%Qaﬁd EABE143h +

([B%}%%ﬂ;%‘)] iy t%;‘rrg cttz a%sc&ute pfeﬁuggdléégé bydh@ gt Sat‘lgHLLOI?p]é:SSUI‘e

?8 i °Clsh3w(1kﬂ'£f Rtio %WIQ)) "ﬂ‘-hé'rséhﬁ’au&l@ essu@e@fo(( MFr@&hd; HFC-
(m JHF = 4 % W\t er arl - Fi sher

t1i26s HECGH438§§Cpb4ﬁa An@IPSF(G -t5da @fal Lﬂiam &n = b1.069 bar Py =
6 PS:
SR (68 RS 16T Bk otk R8T, Gha e SIRRI PR Bccively

|N1§g&t1@ BZﬁatﬂ@@f 6 Raoli09014% . (1 kostrvi@ude bedagiiecadbed line)
TGA (N2) : 10% w. |oss @383 degrees C, 50%w_, |o0ss
@@g@e @g@]a%égte@c‘a@ Qﬁwqﬁ:gsthg r@ﬁngerant and the ionic 11qu1d which

-ugg(?l uor 0 ht( %gl)ll(lsw an e? a{l g%g?lteﬂ: jﬁ%‘fﬁe E}}tEIJPEg%‘qq%OHa from
J00ultls tasund dhotvhoire Figuraslk. mdk)rﬂgmttiﬂﬁbnamr'fse HFC-32 and
([ggl?n%}[f’lggj G Sbout 0.1 to 63 mole percent of HFC-32 at 10 °C and P/P, from
about 0.1 to about 0.63. Strong positive deviations from Raoult’s law (i.e.
curvature above the dashed line) are more typical and indicate refrigerant and
ionic liquids are less soluble and eventually may form a liquid-liquid phase
separation. Compositions comprise HFC-152a and [bmim][PF¢] from about 0.1 to
about 80 mole percent of HFC-152a at 10 °C and P/Py from 0.1 to about 0.86.
Compositions comprise HFC-134a and [bmim][PF¢] from about 0.1 to about 72
mole percent of HFC-134a at 16 °C and P/Py from about 0.1 to about 0.84.
Compositions comprise HFC-125 and [bmim][PFs] from about 0.1 mole to about
65 mole percent of HFC-125 at 10 °C and P/Py from about 0.1 to about 0.88.
Compositions comprise HFC-143a and [bmim][PFs] from about 0.1 to about 25
mole percent at 10 °C and P/P, from about 0.1 to about 0.90.

Example 36 provides a description of the microbalance components.
EXAMPLE 3

Solubility of difluoromethane (HFC-32) in 1-butyl-3-methylimidazolium
hexafluorophosphate
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grade, 50 m) and ionic liquid tetradecyl (tri -
- hexyl ) phosphoni um chl ori de (Cyphos(r) IL 101, 33.7
W@R007/0B836311 Xt ure was magnetically stirred untiPCT/USX06037137

one phase. In a separate 11 flask, potassium
| , | - 141 ke BN y e
(PR A B e A A BARN bR 50, and
TheXe osal apressnse wape froondite1@d bandhsitel the eslubilities (X ,..s) were
positive N2 pressure at 26 degrees C for 12 hr
PRAGWE NGB vihi LRV IBEBE pruetepalapee ey . thendiffisivatissi (Tt evere
WBRUIAIP RMeDY SHEkRMsIbL! ' AOM ! BRIARE! Offc YARial
renoved in vacuo on a rotovap to produce the crude

5  poochnttations (6o)c fineldsatwitiorf 48nagptratithl (CHf ardnefldlftedrisdlubility

and e solution was washed once with

gﬁ 3ddeags .t%n

BT WEPEE50 m ). It was then dried over
nMagmesicsimas ub f a¢ and Rﬁﬁf‘i’d‘ﬁeQathnon@oy‘Cs,f I, SX . ONarfl Xipeas at
rotovap and then on a high vacuumline (8 Pa, 24
deygpaewr)offley 238 SAand @5 yCetedpechizelfyi nal product as a
slightly yellow oil (28 g, 56%yield). 19F NVR ( DM5SCd
6) d -86.1 (s, 3F); -88.4, -90.3 (subsplit ABq, JFF =

10 hbllga 2F); -121.4, -122.4 (subsplit ABg, JFF = 258
Hz, 2F); -143.0 (dm JFH = 53 Hz, IF). 1HNMR (DVSO- d6)
d 0.9 (m 12H); 1.2 (m 16H); 1.3 (m 16H); 1.4 (m

T 8H: 15 (M 8§):; 2.2 @n 8H),; ® 3 (dm XH.= 54 [z, X_..
IH). %Mter by Karll-Fisher fitration: 0.11. Analyti cal
(O ca| céPam)i on (MBss°@ddHEDIBENPS: (0/ses) . |4 (mpl. fgaction),| (mgl. fraction) |
10.0 0.0979 0.52 0.54 1.54E-09 | 0.029 0.026
10.0 0.9957 0.82 2.53 1.94E-11 0.124 0.106
10.0 2.4967 3.32 7.56 1.71E-11 0.309 0.270
10.0 3.9964 8.18 12.38 3.65E-11 0.436 0.426
10.0 5.4975 14.44 18.71 6.34E-11 0.557 0.555
10.0 6.9965 22.12 27.85 7.42E-11 0.678 0.676
10.0 8.4954 - - - -- 0.812
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Experi ment al

(air): 10%w. |loss @311 degrees C,
w@3®7assgeres C. TGA (N2) : 10% wt.

C, 50% w. |oss @343 degrees C. S

t et raa'éb}‘? ¢bri- -hexyl)phosphoniumi .

Resul t

S:

50% wt. | os

Synt hesi s of

[,2-trifluo

C 55.22. H 82: N 0.1. TG

s @

| oss @ 315 PEUEIE6/037137

ro-2-

(trifluoronethoxy)ethanesul fonate ([6.6.6.141P- TTES)

To a 100 m round bottoned flask was added acet one
T (Spectp oscopi acgr aje, 60 M) ang i Oﬂl c | ixquy d Xmeas
tetradecyl|(tri- n- hexyl ) phosphoni um ¢hl ori de phos
O | L 161ar)2o pmgss Aw)rq mas¥alr e (WSedln r{@aqlcﬁact}o t| r(ma fraction)
tr Was— | 1 pat-ate—10 1 i aor\,
249 Sk as%é(i?m Bégt File 1 Odln o 1R ot 0.018
25.0 (tjrig.oom2r orret hazy) et hqt@ﬁul ongtee1 { TTES-Kosd1. 2 [9) wago76
dilssolved lin acetone (100 m). These solutions re
25.0 corrtﬁ-ﬁ%@ and %QBrred drither p3sh4E- Ve (N2 pPag6ure [at 280.189
o e Ay nr ani it + ~+in ~f
gl \ IUI III 'JI T MI ratjc—ul
2501 SN pr oot Bt ale Vel 16 vs;a%‘f;@ St Pan
24.9f| | tg.a9d90n; a@.Q3thﬂ aq:@tmne ved pRoyacuqg on 387
rot ovap tal produceithe crud moduct as a cloudyl oil
24.9 The @9% t vids2di | ut é@OWth6e%5lEy11 qtheroélﬁ)o m) and471
— _t|W€| LII on 1 twhee-

25.0 W {t hg'W ue:)iés soo }ngg oﬁml ut| o] S?g mj) to 0.548
24.9 re_rrt»/._999mny acioBC | rrpm By, | Wi de nopg2yM th 0.622
dei oni zed mater (50 m The ether solution was i hen

dried over magnesium sul fate and reduced in vacuo
first on a rotovap and then on a high vacuumline (4
Pa, 24 degrees C) for 8 hr to yield the final product
assanTable 4¢9. 0 g, 69% yield).

T P Co Cs D Xcalc. Xmeas.
(°C) (bar) (mass%) | (mass%) | (mZ*sec) | (mol fraction) | (mol. fraction)
49.6 0.0992 0.00 0.12 4.76E-11 0.007 0.006
49.9 0.9954 0.33 0.92 5.28E-11 0.048 0.047
49.9 2.4963 1.43 2.31 5.29E-11 0.115 0.113
49.9 3.9949 2.84 3.72 5.98E-11 0.174 0.173
49.9 5.4966 4.41 5.22 5.99E-11 0.231 0.229
49.9 6.9965 5.81 6.72 7.69E-11 0.282 0.282
50.0 8.4959 7.37 8.32 8.54E-11 0.331 0.331
50.0 9.9959 9.78 10.05 4.04E-11 0.379 0.377
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19F NWR (CD2C 2) d -60.2
-125.1 (subsplit ABqg, J

WO23/054363 | F) .
1.3 (m 16H);
(dm JFH = 54 Hz,
412 ppm Anal yti cal

16H) ;
Sable Ad>

titration:

. (d,

JFH =
260 Hz, 2

4 Hz, 3F); -
F); -143.7

120. 8,

(dm JFH

1H NVR (CD2C 2) d 0.9 (m 12H);PAT/BSI00§/037137

1.4 (m 8H);

IH).

1.5 (m 8H); 2.
%N\t er by Karl - Fi sher
cal cul ation for

2 (m

C35HB9F6D4PS: C, 57.5: H, 9.5: N, 0.0. Experinental

00T

A(alr\

109 wt

results:

C,_57.8:

H_ 9.3 N

T Iﬁbss B 331 defrees| C, G0% yt. Mbss @ 35Kdegr ee$ C. Xmes.
§8)) é’gG(é’))lz\l%))eg; (ilgz{)é%) lé@ﬁ?ﬁ}]’% ."’ngﬂlge% eP%mgl. AR om togl. fraction)
75.0 | 1eblpkg 3{melomd i nj dagoki um’yEEii,lZ t et rpagdauor 042- 19,003

al500 M round botfoned fl was afdded | -ethy| 4{3-
75.0 mgt ﬁ)ﬂ%&i cEIaz@ﬁOum chl ﬁﬁﬁde (&ﬂr?lﬁwld:l, 98%0398 0 ¢) an@.029
reagent geetpnhe ) The, ||| Xt wasgent -y
730 vy ﬁégs? ?ggréees 1§ﬁt| I %{MEEJ mﬂw 0-069
75.0 diissgloyed! In A Separ@.w 5000 ghpiiha k, M@SSI um — 0.108
1.2 2-tetrafluorp-2- (pentafl uoropthoxy)sul fonate
74.9 (]I'PEM?KS- K, 4307 g wWa93 di <SQ)I7Q1éd1iV£ reé)gle%t grcde 0.145
+ ma—A-A00-— w4\ ca—c-al —an.c
altT \7\)U J - IC 1 ||cu 11—
79 11 PSR br oddi@ ng| a WAt e | plesi it bt P?(gi he 0180
75.0 M xBuosgwas sitagrred ah 7724 degsers] for 02 1Br . “ﬁ(Cb.ZlZ
precipitaie was then allowed to setfle leaving a clear
75.0 yeI PO ol ut iSch? abpve>He. 'I'h]e1$<133|10wps r dbed by 0.244
i trattor—tht Utrgh a—cetttetacetone pat at—Tthe—acetone-
vvas removed in
EXAMPLE 4
5  Solubility of pentafluoroethane (HFC-125) in 1-butyl-3-methylimidazolium
hexafluorophosphate
A solubility and diffusivity study was made at temperatures of 10, 25, 50, and
75 °C over a pressure range from O to 10 bar where the solubilities (Xiyeqs) Were
10 measured. using a gravimetric microbalance and the diffusivities (D) were
calculated using a one-dimensional diffusion model analysis. The initial
concentration (C,), final saturation concentration (Cs), and calculated solubility
(Xcaic.) are also provided.
15 Tables 5a, 5b, 5¢ and 5d provide data for C,, C;, D, Xcae, and Ximeas at

temperatures of 10, 25, 50 and 75 °C, respectively.
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vacuo to give a yellow oil,

with chloroform (100 m).
wWa booge3t3sbhes wi th dei oni zed wat er
filtered,

magnesi um sul f at e,
first on a rotovap and then on a high vacuumline (4

whi ch was then dil uted

(50 m),
and reduced in vacuo

The chl or of or m was washed
dr i RCIT/OY06/037137

Pa, 25 degrees C) for 8 hr. The product was a |ight
yighle®aoi | (22.5 g). 19F NMR (DVMBO-d6) d -82.9 .(m
2F); -87.3 (s, 3F); -89.0 (m 2F); - 118.9 (s, 2F) . 1H
T NE/R (BMBOJd6)Cgl . 1.5CE, J = D3 Hz, 3Hwme3. 9 (S, Xumess.
3H); 4.2 , J 7.3 Hz, 2H);) 7.7 (s, |ILH: 7.8 (s,| |H; .
(°C) 91 (bar) | rﬁq(m%%at el(“‘l??o)f_&rl (Opi/serdr | {mol frackiqn) 0. {molyfraction)
AlatyHoosalr caf gulatTop-Hot CHE tNeOAFYS 2821
99 516 R0%5] 6 ExDer i hentalf rastrteild 28 00%] 2lo. NO-013
10.0 6.6.0.9p6A (ai m)73 10pP6 wi.50! ogs1.@BIl ElegrQ)aBSC, 50% Wt .0.034
|l gss @401 degrees| C._TGA (IN2) : 1006wt lLoss @349

10.1 deglé®89¢C] 5092t . | | 0896 @ 40636BdRebs CO.089) Synt hesi®074

oftelgabut y1—p§' hosphonpyar t @t pibrporo=2r ‘
10.0 (ﬁe?ﬁgggr et T?OXS;;) el haﬁégul foﬁgggll(zTBP- TlgégﬁﬁTo a 200 rﬂ'l?‘s
10.1 r oungoeot t omech3f | ask s@g addedeHaiiofreed owegzer (100 nig182
and tetradra-butyl phosphonilurn brom de (Cytec Canada

9.9 1nc4996. 2 gP:10The| bR e |wad4Fddnet i c& 333 stifred 0250

10.0 ;111519965 [5Y)3 g Al H - Urpsyt Ve 05 B 1] >®PY 355~ =YY ™ 0336
fllasK, potlassi’'um

9.9 |,/ 62962 1|1 UDY.09 2- [ paadd4uor|oeliPBXY) et hartesdsl f onate  0.454
(TPES-K_20.0 g)

10.0 7.9979 ~- — - - 0.651
5 Table 5b

T P Co Cs D Xcalc. Xmeas.

(°C) (bar) (mass%) | (mass%) | (m%sec) | (mol. fraction) | (mol. fraction)
25.0 0.0977 0.0 0.09 3.29E-12 0.002 0.003
25.0 0.9963 0.23 0.09 1.81E-11 0.002 0.023
25.0 1.9982 1.05 2.12 1.50E-11 0.049 0.050
24.9 2.9949 2.13 3.11 2.15E-11 0.071 0.079
25.0 3.9982 3.50 4.71 2.03E-11 0.105 0.109
25.0 4,9947 4.84 6.18 2.39E-11 0.135 0.140
25.0 5.9951 6.38 7.91 2.65E-11 0.169 0.176
25.0 7.9955 8.96 12.10 4.81E-11 0.246 0.254
24.9 9.9977 14.20 18.16 7.82E-11 0.344 0.352
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was di ssolved in deionized water

(400 M) heated to 70

degrees C. These solutions were conbined and stirred
wWoeee03g36si tive N2 pressure at 26 degrees C f oPCRUB2006/037137

producing a lower oily |ayer.

Wapiseparated and diluted with chloroform (30 nl),

The product oil

ayer

then washed once with an aqueous sodi um car bonate

solution (4 mM) to renove any acidic inpurity, and
three tinmes w-th deionized w . s—then
T drii®d over| ragnesi Ufassul f at pPand reddsed in vacuoXmeas.
o filr on g p n i g i n .
C0)  poy Br G GBESAT") BR5HF™) B T P it Hob) Wald) traction)
49.9 as|_a.c@ysor|l esg.ooi | (%)@ 9, 859@;11(&! d) . d.860 NWVR 0.000
(ap2d 2) -86_4 (5 -90. 8 (subsplit! ARq,
49.9 JRF 9947 |Hz, 0.5F) ; -11)9652 ﬂéz!?Esll( ubsp?Pi3 ABg, | JFF €013
1OL Ll 7'_ 1. 44" e Ll - WI\“V
49.9 Capdad B3 d 1. 07t 47 Hz4,59§oﬂ); 1 56'? 16H); 2.%9%7
50.0 (M Bédgs 6. 3 (em JFH1=zH4 Hz 198H)1 |% Vapen1 by | 0.041
Karl -Fisher titration: Q 29 Analvytilcal cal cul an
49-9for @Qﬂ%s?Fsdw@ S, A HABE N 0. 056 0.056
ntad utrs A2 Qo H—6 N—O-—1
50.0 gy Exlt 439%9;5 lle birg b b);kjio bﬁr%ﬁé&l ;raph?/(ﬁ% 1 ppm 0.070
49.9 The gas61sq ub3'139ty ang g f f UsiMELYL reasup.e8@nt s were 0.085
____Jmid,e_u_sj_n_g_a_Z?_Lam_J]EtriL m crobal ange (Hiden | saochenn
49.9 Lt|d,7-96GR 003,4%rri ngtde? UKP:S5FhEl | GA dedign
499 M CGHRES PTEEs ST CORA e SRR Ay 148
. meigﬁ? . : . . .
5
Table 5d
T P ' Co Cs D Xcalc. Xmeas.
(°O) (bar) (mass%) | (mass%) | (m%/sec) | (mol. fraction) | (mol. fraction)
75.0 0.1021 0.0 0.03 6.85E-10 0.001 0.001
74.9 0.9965 0.07 0.28 7.49E-11 0.007 0.007
75.0 1.9961 0.36 0.60 9.46E-11 0.014 0.016
75.1 2.9967 0.70 0.93 7.04E-11 0.022 0.025
75.0 3.9971 1.04 1.27 7.96E-11 0.030 0.033
75.0 4.9983 1.36 1.61 9.86E-11 0.037 0.042
75.0 5.9980 1.75 1.97 7.12E-11 0.045 0.052
75.1 7.9997 2.26 2.65 1.14E-10 0.061 0.068
75.0 9.9959 3.00 3.33 8.89E-11 0.075 0.085

10
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change, pressure and tenperature to enable fully

automati ¢ and reproduci bl e determ nati on of gas
W@ad®enps3sdN- desor ption i sothernms and i sobars. HEEUS2006/037137

m cr obal ance consists of an el ectrobal ance with sanmple

and count erwei ght conponents inside a stainless steel

pressure-vessel as shown in Figure 18 and described in

BXRAMBLBS, Table 31. The baI ance has a wei gh range of

- 10Q.. i e qutlon nced
%ﬂi'gtgﬂggofsﬂ%iﬁ?fgﬁrgﬁg? '&ﬂ%éﬁ% jpabl e of
mngmijnmhzbnua,ql&anaar@msmg 0C was instal | ed.

Appr oxi matel y60 nmg of ionic |iquid sanple was added to

> the sanpl e container and the reactor was seal ed. The
sanpl selwlity dndl diffimndtyctghswetimbge 4ti temperptulrdsi afd 0a25, 50, and

e vacuum on the_sa 'th di hragm pu
B YA PRI NP0 (o R SR TIE Rt Chme were

f \% e
t%%a%%rgﬁ n'gs%%d 'ﬁga\gltﬁgtrfﬁo ﬁg&@f)alhﬁcoe%l Hafe V\?I‘gﬂﬁlﬁl ies g)e?e were

valculaid tusimgs anpm@dnmsmaah d@fﬁtsmon?ﬁmiden omalyBishr Thd hmtlal

an_exte r cket connect ed a o
o IBnEEbELORIC FaY LRReRm EORBRTURG (P gl polubilit
VKR § bif alsdmeeide€c- S3, Offenburg, Germany). A 30
percent ethylene glycol and 70 percent water m xture
by vol une was used as the recirculating fluid with a
te eqfka 5 0 S e Ss, S|
deg?%ggsteggagﬁrgcg%g d }OQ]K?S da&% fég?é’s%j\ﬁrgpé rd fh)ams(}id%‘l’t‘deas at
mﬁperhﬂumsrmse,mmah@nsm; dctivelgt | east 60 mn, the
sanpl e dry mass was recorded. The percent weight | oss
15 for the various ionic liquids tested was in the range
3% The |1 GAOO3 can operate in both dynam c and
static node. Dynam c

T P Co 0N Des. Xeale. Xineas.
cO) (bar) (mass%) | (mass%) (mZ/sec) (mol. fraction) | (mol. fraction)
9.8 0.0999 0.0 0.23 4.21E-12 0.006 0.003
10.0 0.4981 0.35 2.20 6.46E-12 0.059 0.050

9.9 0.9986 2.25 5.73 5.78E-12 0.145 ‘ 0.126

9.9 1.4981 5.40 9.15 1.01E-11 0.219 0.212

9.9 2.0024 9.50 13.64 1.48E-11 0.306 0.303

9.9 2.4907 14.39 19.36 2.67E-11 0.401 , 0.402

9.9 2.9974 20.96 27.51 5.33E-11 0.514 0.516

9.9 3.4900 - -- -- - 0.721
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node operation provides a continuous flow of gas (nex.
500 cnB mn 1) past the sanple and the exhaust val ve

W@ 088363 t he set - poi nt pressure.

Stati c node PEBEUS100€087137

i ntroduces gas into the top of the bal ance away from
the sanple and both the adm ttance and exhaust val ves

contr ol

the set-point pressure.
nmeasurenents were perfornmed in static node.

Al l

absor ption

The sanpl e

t enper pablesghvas neasured with a type K thernocoupl e

wi th an accuracy of

| ocated i nside the reactor

0.1 C. The thernocoupl e was

next to t he sarrpl e

T CO taiger. [The, € jaﬁﬁei maitar med [nX‘ Set=pgint X
tenperature aut@maticall'y tod within a typl &4l meas.
(°c)r ec ul @iairpn |a@eass %6y | (inas9%) |0Gn*Fedyr i(Bol. edotidn) At (Iilﬁl. fraction)
50,_and 75 C) were neasured bheginning with 1(
25. 00r1ce0t]t9@2dqb5| e t efpeP&@Pur d #@§Edén eved)(éﬁﬁj st clb| e, 0.011
ot e adget tanc d :)CFI‘E' @tb—valg%? utonat H-y—gpene
24'9anc ?r‘tc?'s?% to%a%?um t NEpres gﬁ the(H7 ‘0'042
25.0set- pgork. (Preassures foom 10 9.74B-130( 1 baxowre 0.085
asured uging a capacitance nmanoneter (Pfeiffer
25.0hndell 48R231) 3-6thd preddlires £0BRIA0 1 tcmz@ o bdr  0.130
VT E ur eu T LI VE
25. 0gDr uclkgdggb 5u£§:R4310 OElew Fg?—??llell d, H egul ati 09'175
24 .9mai nt2a49|96d the7,5§ac1 or 9prnessupg9gAt]- poi ntg. 23;3 within 4222
to 18 nbhar The pressure.ra rate was set _at 200 .nbhar
25.0nin 29994 tlhe ¥ &hper at Lr&2 ram’égﬂﬁtlé has $B¥72at 1 C ni 9.273
T f PUET 1 PLESSUre j it stai Ty —stege
24'9rlecctgo§p0\q/a~ 28)f8? ar, 4%2 vera*E i'spbar s Up told baro323
(i.#., 0.1, 0.5, 1, 4, 7, 10 bar) were neasured. To

ensure sufficient tinme for gas-liquid equilibrium the
ionic liquid sanples were mai ntai ned at set-point for

a Table 6¢

T P C, C; D Xeale. Ximeas.
(°C) (bar) (mass%) | (mass%) | (m*sec) | (mol. fraction) | (mol. fraction)
49.9 0.0992 0.07 0.13 2.44E-11 0.004 0.004
50.0 0.4984 0.25 0.75 4.39E-11 0.021 0.021
49.9 - 0.9971 1.00 1.57 3.94E-11 0.043 0.043
49.9 1.4989 1.79 242 4.48E-11 0.064 0.065
50.0 ' 1.9895 2.65 3.28 4.38E-11 0.086 0.086
50.0 2.4900 3.75 423 2.33E-11 0.110 0.108
50.0 2.9897 4.43 5.10 4.90E-11 0.130 0.130
50.0 3.4933 5.39 6.06 5.00E-11 0.152 0.152
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mnimumof 3 hr with a maxi numtinme-out of 8 hr.
| GA net hod exploits the rel axati on behavior follow ng

wWEe@3msa3e3 and t enper at ure changes to si nul t anepi®U§2006/037137
eval uate the ti me-dependent absorption and asynptotic

upt ake]-ép'g{g

t he en

e

r eal

rela

The

-time processor was used to determ ne
for each isotherm The percent
used as an end point for the real

xati on

time anal ysis was 99

pe cent . m_nl M \Anl nhf hhange for rea! {Jlm

T anal ys?s Mas det at 1e aPcept abl e Xaver age Xineas.

o devVi n ui 5 .

(C) ot 7%%8 ah é tE%A) ghags erval ? (xﬁﬂgﬁ?&ﬁoﬂﬁ &@%d1. fraction)

75.0acfup.HHrd o weposet atoa3ty)|6:e5E wal ue oD.0dlmg. TThe 0.001
temerature variatilon during an isotlherm was-

74.9 mai nP4P%red| | e89% han 0-32C i h4%E-11 Saf etQOpgat ur gs of 0-009
the APPSRt SSUT tef and

74.9 5y =rp'g§%}é}r at uré “cont ro(w? ’ﬁgegﬂrzggct orc“O}fJ 2 0.022

74.9f att oyt N5t ablogd rlel |1=_:Q7val vE78ESIriepl ag@dswi th|ja  0.035
DuPont _quifeline relief valve (Circlle-Seal —set-point

75.0pr es$.9P83 24. 5184 ; |DuPbA?, Wff #Brdlon, DSIRare)| To 0.046
ot ote the T bad sitenT i,

75'Oove 2?%%3 T e‘I gddl tional rell e?E Egl ves were install e8.059

75.00th8@022,|_81 onpggs nmrni1.0ld anwz@quch gag7eyl i nder; 0.072
these relief valves were sefl to open if the pressure

75.0ex¢edd87 25 bad5 THe redét or %%E'lilenper 285 0.084
rntertock—Tontrotter that—conmes—standard onm the 1TGAC03

was set to turn off the water

bath if the tenperature

exceeded 100 OC. Due to the fact that sone of the
gases tested were
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flammable (i.e. HFC 32, HFC-143a, and HFC- 152a), the
| GAOO3 was nounted inside a custom stainless steel
w@e a7nss36pur ged with nitrogen that woul d m ni MP@BUS196/037137
possibility of a flane. Thernogravinetric neasurenents
wﬁgct ed for a nunber of gravitational bal ance
orces |ntroduced at high pressure as descri bed by
Pi nkert on, et al. (Hi gh-pressure gravinetric

ﬁﬁﬁﬁr“ﬁwﬁﬁtlaﬂarlﬂédr PR B dBlRkADge o The
Hétﬁylﬁﬁﬁﬁ%mﬁn%é%ﬂﬂm fegfiience, Victoria, BC (2001)

pages 633-642). These |ncI uded: (1) Changes in the
5 buofasnlubilidy eed ddivsivily stwlyngassnade gitessaprtraesed 10, 25, 50, and

rature. (2) Aerpod for es b
TRORrT Bt Apesgituatt SHARE s B e RS S BRE By were
$8A8Urkd vustﬂ(/g Qu %rév‘i’m@tlﬂﬁnﬁﬁ&ob:ﬂaﬂc%nﬁﬁd ah&r @fasdities (D) were
pressure. (4 lumetric changes in the sanples due to

exlonlatsidy iuﬂyg T henegdimensignilodiffusisal amnslel famebysts. The initial

previ ousl s rlbe e ofte f t

r?grécr?n eI ry E(g ﬁ{lal a\‘.)1011 cony rgtraglvogr ) a%'('{ecagctu(ijaﬁﬁd golublhty
10 |(Kca¥c,b1@re$@dd$gir6v1aad can | ead to i naccur at e results |f

not accounted for precisely. D stinguishing mass

changes with an accuracy of 0.01 wt.%on snmall and

SOMPANIEETa 11142 0nd SAPhfovRARh UhET.! BIUDY 2. knawd #dae

of the SZ?TD‘FG wei gﬁt t% v‘\lnﬂ%éh?atr% about” 5"t 0 ?g” Tﬁdg 2

eroyantaes o6 1 0,2, 50and G5 POywspactivelAr chi medes’

principal: there is an

15 Table 7a

T P Co G D Xeale. Xmeas.
©O) (bar) (mass%) | (mass%) | (m*/sec) | (mol. fraction) | (mol. fraction)
11.7 0.0956 0.03 0.10 8.10E-12 0.003 0.003
12.0 0.9970 0.22 0.92 8.51E-12 0.031 0.029
11.9 1.9830 0.99 1.93 8.11E-12 | 0.064 0.060
12.0 2.9740 1.95 2.39 3.21E-12 0.078 0.093
12.3 3.9808 3.06 4.03 1.04E-11 0.127 0.124
12.0 -4.9975 4.16 5.23 1.10E-11 0.161 0.156
12.0 5.9821 5.30 6.42 1.44E-11 0.192 0.188
12.2 6.9975 6.54 7.63 1.94E-11 0.223 0.219
12.2 7.4832 7.80 8.31 2.03E-11 | = 0.239 0.235
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upward force exerted on an object equivalent to the

mass of fluid displaced. The upward force ( Cb) due to
whowyasssy3d i s cal cul ated using eq 1 where the nmeGEUS$006/037137

the gas displaced is equivalent to the volune of the

submpgsiedzwbj ect V) tinmes the density (p g ) of the

gas at a given (T,P) and the gravitational

accel eration (Q).

AWk |

Ao

If the volune of the object

a nal ol

at Al v
At

\ALI"\

remai ns

ijI {IIL

+
UITS

viI—_can

t heo
||UV‘" ||3 LA Y3 kL

T [ d‘ﬁl , —Cth m_y
de Si t? ( PL) ofsthe obj Cb *X*B\%yanc*y meas.
(°C) =—g\('b89) (T, @assB)P| Gmadsop) W/k emopffrdéﬁbﬁﬂ o fiction)
ensities provided in the [H den [spchema | GA sof tware,
25.0 {h6.0945 dendialy fpr @8th dass58Bd1chl cultedtad using a0.004
:ﬁ_rvnud- erproaram D:EDD(D v 7\ davu | Qned b\IJﬁ!’\
249 PSR [T ndiad utle gg 6% an d&PR-1dnl Te O3l ogyﬁTNl s$y023
24.9 Lompen EW o8f4 al'l [T T/E ] i trermydymam]
nd trangport proper :g’es - RE% verogqign 7.0 usepdzl
24.9  guRd895U,S. 1B@part nehioof |Ches@site, Tedheol ogyJ 0.068
ar-r-—stiati-on— Ir\mu opral—Hnpstitutel of Standards and
249 e AfWog;y, 2d%andar d %Ce)ferehZEE‘ﬂ)éta Pr §t%8m 0.090
249 RuIREESHUTg,osVBT YT afidy 2007} J5 1 TNE DUGYANCY 0.112
correcti on using the I GAOQ3 system i nvolves nmany
249 @addi%pdnal GSbjlectis faB3wei|ghi7dig-iihe samlplls. Table 30134
bt desra—ti-st —eacheritti-cal—cohponent—along—w-th
249 Prd 008 oot s A ghl er il at-S3krdhs] ty, Oed 0.155
249 | eUBeiRat {ires (fhe CompeRent  AETERGeMent (i EoF gure 185745
eads tola mass bal ance as shown by eqg Thi s
expression accounts for the summati on of all
COMPPAGRT: 25
5
T P Co Cs D Xcalc. Xmeas.
&) (bar) (mass%) | (mass%) | (m*sec) | (mol. fraction) | (mol. fraction)
49.9 0.1050 0.00 0.03 1.51E-10 0.000 0.001
49.9 1.0023 0.16 0.40 4.47E-11 0.014 0.013
50.1 2.0045 0.61 0.84 3.41E-11 0.028 0.027
50.0 3.0002 1.03 1.26 2.90E-11 0.042 0.040
50.0 4.0021 1.39 1.65 5.08E-11 0.055 0.054
50.0 5.0046 1.81 2.08 4.10E-11 0.069 0.067
50.0 6.0039 2.29 2.50 3.75E-11 0.082 0.079
50.0 7.0029 2.63 2.90 5.57E-11 0.094 0.092
50.0 10.0030 3.56 4.16 5.51E-11 0.131 0.127
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wel |l as the contribution of the absorbed gas mass (ma

) and a correction factor (C ) which accounts for the
whadoansssexsensitivity to T, P. The density of aP€T/SPas/037137

) at anbient tenperature and pressure was subtracted

fro —.and pj because the conponents were initially

wei gl?r#ebzeﬁr@ai r. reading (2) The | argest contributions

in eq 2 are typically those of the sanple container,

sanpl e and counterweight—theetherreferenced

T pbj eBts in Tabl e |3 1%oﬁtribupe less b use of t hefmess.

0 ar, densitl ( I Nat deh endl) j € i
(°C) i ). o ;rtg#a%% icaﬁ?%g/]?’;s QhFsek)! agﬁ ) gra':c)ﬁéfﬁ gdmol. fraction)

densi 5 wer e nelasur ed usi ng

75.0 M 0009%r i t1 0DOACCUPYE.01330 hedE-umn pycnom@oer with a0.001
accuracylof + QO QJO.J._(?_C.DJ— Pt upent
74.9  CotH905 Nor cPdSs, |GA)0-20 ni tigMFy,llthe vatid®fe (viL ) 8009

748 ;gﬁ??i%@” lego;g%zn"ladl L,O{»ﬁlt eu fmylbt S py(oltﬁlzget rTTC " 0.018

_dry nmass sanple weight (ps )| b
74.9 Yvobloet ri c exgyansi on0.AVF YOL.07ElNe [t 0 t loen2gas 0.027
absorption was | 1 i nto aclcount as described
749 pef8@LYo| moddlaccur at-88y det-22HrlfAe t he O3dyanc) 0.036

ef-fect he temv opeT AL B TR S taly Gzmodetat
74.9 PS ?R?Y al | ylé)gibrri nat\g§6 any g%(?%égnam clo' rgg forces 1%'4

750 {050bosi g games. | El 681 ohal a0k fare 905 tive to 0.053
enperatyire and- luctuatilons on the beé

750 and-003¢ ef nall-¥| eW THT9EARO Nk ze OHIOS of ﬁ:ﬁﬁél

749 PHRER T eSldonTCS FNE e BRE Bt T ey kg™ 1T DAPRg3

5 EXAMPLE 7
Solubility of 1,1-difluoroethane (HFC-152a) in 1-butyl-3-methylimidazolinm
hexafluorophosphate

A solubility and diffusivity study was made at temperatures of 10, 25, 50, and
10 75 °C over a pressure range from 0 to 4.5 bar where the solubilities (Ximeas.) Were
measured using a gravimetric microbalance and the diffusivities (D) were
calculated using a one-dimensional diffusion model analysis. The initial
concentration (C,), final saturation concentration (C), and calculated solubility
(Xcarc) are also provided.
15 Tables 8a, 8b, 8¢ and 8d provide data for C,, Cs, D, Xeaic, and Xmeas at
temperatures of 10, 25, 50 and 75 °C, respectively.
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heater to a tenperature of 45 0.1 OC

I n addi

tion,

t he conponent tenperatures provided in Table 3 1 are

det

woreasssse f or the sanple (Ts ) and all
estimated. Therefore,

(CA

ot her s BCBUS2006/037137
a correction factor

was

as a function of T, P by neasuring the
buoyancy effect w thout a sanple and cal culating a

| eastsquares fit to tare the bal ance. The correction
actor—was—on—the—order—of—0—1te6-03ngand—+nereas

T AS e&pected G t decn@asn ng t!?n’peaatur gnd i npreasg\l:?gs
° or hﬁ%‘y N Ymbh§®,) ONéri/det sercBonP! Uko1V@action
(°C) “ogsl OZ nst a(ﬁt ( thg rrgPe fractfi{)gw )
10.0 >ot),09173 | £ y oaIOCuI at e@73v t lponBH -aKi|ng i |®t(131accomt 0.021

buoyancy eﬂ_ecLs_due-LO—sanal—e expansi-ty or-der—
10.0 00148% ] pﬂ@éer buo%»%@lcy ottt ijon dQe 1o the I|q91193

y STT T = on ag or t
10.0 Par vo ums; 8Vln , %g us F?@/ﬁ’?T @{Tl? X) +Q/g>1<0
10.0 (3pgsvher el =MW /9.60 andl 3(09E-ﬂ)lesent s):{me rml ar 0301
ractioniof gas iln the sollution Py (4) ({5 As—a
9.9 {iedPlhp )ro}@ﬁ%t i on,148s 3 hpleE- 41 were O<H3 to estimhdd7
9.9 1TM54555M9% 14152719 2042 | 6.44E-11 0.525 0.521
9.9 3.1963 - -~ - - 0.797
Table 8b

5
T P Co Cs D Xcalc. | Xmeas.
°O) (bar) (mass%) | (mass%) (m*/sec) | (mol. fraction) | (mol. fraction)
25.0 0.1002 0.16 0.66 2.00E-11 0.028 0.030
25.0 0.5006 1.02 1.92 2.01E-11 0.078 0.077
24.9 0.9982 2.34 3.55 2.64E-11 0.137 0.136
25.0 1.4924 4.20 5.35 2.89E-11 0.196 0.194
25.0 2.4969 6.74 9.52 4.96E-11 0.312 0.311
25.0 3.4818 11.59 15.05 7.73E-11 0.433 0.432
25.0 4.5051 18.83 23.81 . | 1.04E-10 0.573 0.574
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liquid sanple volune, Vlin , at the neasured T, P

conditions. EqQ 5 can be substituted into eq 2 to
w@ewonss3ed or t he buoyancy change with respect POI/BES20pé/e37137

expansi vity. Besides the equilibriumsolubility,

ti me-dependent absorption data were al so gat hered

using the Hiden gravinetric m crobal ance for each T, P

set -Tablet8e | n order to understand the tine-dependent

behavi or of gas dissolving in liquid, we applied a

mat hemati cal nodel based on a sinplified nmass

T giTTpsiof precess. Traging a py af -pott om,sanpl ¢ Xm
containet filled with'ionic I|qU|d at a certain |liqui
K

(°C) | eMbhrhej dhtas{%) .| (nessie) qh(m |/@cliet émni ﬁwtlbyr) I nmln@actmﬂ)

he—cvli ‘\rJrl r\nl nc\nrmi- r\/ £ Ar s
50.1

aaprﬁ%l wWei gﬂt03after “(gllgéucitq YJ}E: quﬁle; rq\'q)l L u:'sllnl( iheb)o07

A

50.0 1 ORige1Y 1 OuUT @ @ensityy ag { "355’1}9 er te”@ﬁ)’@wre AT T 8160
pvacuati on, the gas I'sintroduced ijnto the Pyrex (r)

50.0 sanpsbeo cont aiﬁﬁer vvi tma ccrﬁs?@ﬂlpress@r(@%t a|gi ven.089

1 nnr'nnr at e anpuUL aaal IL st-art

50.0 ;jl §§18p%| ng @r??o the ?giln c Iqa%ﬁérqaawd fo];é‘rA » 0.145
500 JULGOSTEN BIHE 1T WHEY TEarBes fner mamam ¢ 0254
equl I 1 brifum thatlstesquHlt limt of the gas

intheionic liquid at the given T and P. This

transi ent behavior with tinme is nodel ed as descri bed
by Shiflett, M B. and Yokozeki, A. (Ind. Eng. Chem
Research, 2005, 44, 4453-4464) and Yokozeki, A (Int.
J. Refrigeration, 2002, 22, 695-704). Processes of gas
di ss'fﬁhlerﬁgi in i qU| d may be hi ghI y corrpl ex phenonena

haoanaic

G 1 AN O R e S g 2
O (bar) (mass%) | (mass%) (m*/sec) | (mol. fraction) (mol. fraction)
74.9 0.1032 0.04 0.11 1.38E-10 0.005 0.005
74.9 0.5019 0.19 0.42 1.25E-10 0.018 | 0.018
74.9 1.0023 0.57 0.84 1.21E-10 0.035 0.035
74.9 1.5014 0.99 1.27 1.25E-10 0.052 0.052
75.0 | 2.4964 1.63 2.12 1.42E-10 0.085 0.085
75.0 3.4970 2.57 2.98 1.48E-10 0.117 0.117
74.8 4.5003 3.51 3.89 1.21E-10 0.148 0.149

10 EXAMPLE 8
Solubility of difluoromethane (HFC-32) in 1-butyl-3-methylimidazolium

tetrafluoroborate

A solubility and diffusivity study was made at temperatures of 10, 25, 50, and
15 75 °C over a pressure range from 0 to 10 bar where the solubilities (Xieas,) Were
measured using a gravimetric microbalance and the diffusivities (D) were

calculated using a one-dimensional diffusion model analysis. The initial
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convection due to the | ocal tenperature difference, as
well as the free convection due to the density

waledo7esspte, and the possi bl e change in ther noptiyesaé/037137

properties of the liquid. The follow ng assunptions

wer . ecdiis j; f tandMal 1
VokaoTar e (Gl AEs e D R [ e Sajed Bolubiiy
behdXi.qf) acf algagromidsdr pti on in lubricant oil [Int. J.
Refrigeration (2002), 22, 695- 704]): (1) Gas

di ssol ves through a one-di nensional (vertical)

di f f USiTARePORCIBSIC and Ve Govidie gl for T, QNVECXIV.eand Ximeas at
flowin the liquid. (2) A thin boundary |ayer between

tshe tgaperatudesldfdQi 25, PRasd I5EKL mspsclivblyr e t he ~

t hernmodynami c equilibriumis instantly established

wWith the saturation concentration ( C), and where the
concentration is constant all the tine at a given
tenperature and pressure. (3) Tenperature and pressure

are kajge @onstant. (4) The gas-dissolved liquid is a

hi ghly dilute solution, and so the rel evant

thareoebycl col e oo A N TN T
T Lhaner Tne ot obeos ey <fon BE-debor i Doy | Xew
O)_{ramdbyetiuanly sl a(anadye] ool Mekpepl ol racion
9.9 ego0OdDBNs arks5 d |C d2@0= JJ1.76E-11 0.008 0.009
9.9 0.9985 10.08 13.74 1.72E-11 0.100 0.108
10.0 2.4995 15.10 18.94 3.29E-11 0.239 0.254
10.0 3.9954 21.28 25.08 4.53E-11 0.376 0.396
9.8 5.4992 28.16 33.17 8.48E-11 0.499 0.519
9.9 6.9988 37.79 46.86 1.08E-10 0.625 0.636
9.9 8.4966 52.61 52.61 1.01E-10 0.766 0.765
10
Table 9b
T P C, Cs D Xcale. Xmeas.
O (bar) (mass%) | (mass%) (m?/sec) | (mol. fraction) | (mol fraction)
25.0 0.0969 0.01 0.15 3.37E-11 0.007 0.006
25.0 0.9968 0.59 1.81 3.36E-11 0.074 0.070
25.0 2.4955 2.75 4.79 3.70E-11 0.180 0.174
25.0 3.9989 5.87 7.95 4.62E-11 0.273 0.270
25.0 5.4977 9.23 11.36 5.98E-11 0.358 0.356
25.0 6.9955 12.90 15.12 7.44E-11 0.436 0.434
25.0 8.4945 17.08 19.33 9.10E-11 0.510 0.510
25.0 9.9985 21.83 24.46 9.94E-11 0.585 10.583
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dt az2 (6) Initial Condition: C=CO whent =0znd 0<z
<L(7) Boundary Conditions: C =Cwhent >0 and z = 0

W@ 3)o7088363 0 at z = L d z (9) where Cis the  PCI/US2006/037137
concentration of a dissolving substance in ionic
liquid as a function of time, t and vertical |ocation,
z , where L is the depth of ionic liquid in the
confTabbedc and z =0 corresponds to the vapor-1liquid
boundary. CO is an initial honbgenous concentration of
the dissolving gas, and is zero (initially) or a small

T fFnige apoung —at [T >¢ - D Ts phe di fTrusg on coerffl cient..
o be con:tant. Eq 6 can be so| ved
e (pokdraelon
acd-9% anfSof - ghdllyr;péguk IE) ©0.003

49.9 0.9961 0.37 0.95 7.56E-11 0.040 0.039
50.0 2.4967 1.67 2.47 7.40E-11 0.099 0.099
50.0 3.9964 3.16 4.01 8.23E-11 0.154 0.153
49.9 5.4956 4.75 5.59 8.95E-11 0.205 0.204
49.9 6.9953 6.38 7.22 9.88E-11 0.253 0.253
49.8 8.4986 805 | 891 1.06E-10 0.298 0.298
50.0 9.9963 9.75 10.64. 1.11E-10 0.341 0.341
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where | ,=\ n + -. 2JL An experinentally observed
guantity at a specified tine is the total

w@onecesissnt i on (or mass) of dissolved gas in iPei/US2006/037137
l'iquid, and not the concentration profile in z . This
spaq-eab@é(gpaged concentration at a given tinme, < C >,
can be calculated fromeq |I1.(12) Al though eq 12
contains an infinite summation, only the first few

erns oveent for initial crnall timm nari adca aArao
~T AY < LER"ALN T T C 1 CAT ~J 1T TCAT T LY

q

Hb—C T P LI A® £

T Sﬁf R Cinﬁnt i Go prgct i &l appl i Pati dns. alg hi s W;)rck’Xmeas_
°C) | Bl Q0o bl h .
OO e | et o, TAC ) ol Waction)

cont 1 on the summation in <'C

75.0 eca9rl | pss (tdan |10 (@3 . Byl.zdml@zi ng éxpéri mental 0.001
ata with this qua.l_l_anf_}ﬁe_abt@—n' ined-the—saturation
749  £ohl8rati BA6( Gs )0-¢hd di¥48E10n conSt93At (D) at0.023

O F—arrd- R whenm Oy was Kyayw s [EXAVRIE: T
74.9 Se?‘gg%f%v tylngti (o In'i%ite 1&% |thy cogf |Sci enks an%[o58

75.0 b5ebeosav|ti eszard shman forl.zxeoadl rebraoger ants i n0.091
Table 2. | The seleactivity is.calcullated relative to

749  F5A851 i h 12.78ut vl - kbt hy 15485139 ol | un0-124 - 0123

£ 1 F

750 [ gSbsIor opageEn ;e’(@?"i I Blo-| StapiaRd ackiviTy s

i ci ent “nodel Han r, Chem cal and

749 Engipesr | ng4Baer npdysedi cs,1.82EH &d) ti 00.184999) | John0.183

Wley and Sons. - linc. . New!York Chanter 7) -were used

749 09PPR4 sbI uBi4A ty] dat-82i n|oh-B¥-100| cal ddldte the 0212

nfimite activity coefficients.

5 EXAMPLE 9
Solubility of difluoromethane (HFC-32) in 1,2-dimethyl-3-propylimidazolium
tris(trifluoromethylsulfonyl)methide

A solubility and diffusivity study was made at temperatures of 10, 25, 50, and
10 75 °C over a pressure range from 0 to 10 bar where the solubilities (Xieas) Were
measured using a gravimetric microbalance and the diffusivities (D) were
calculated using a one-dimensional diffusion model analysis. The initial
concentration (C,), final saturation concentration (Cs), and calculated&olubility
(Xcarc.) are also provided.
15 Tables 10a, 10b, 10c and 10d provide data for C,, Cs, D, Xcate, and Xineas at
temperatures of 10, 25, 50 and 75 °C, reépectively.
|
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As shown, HFC-134a, HFC-152a, HFC- 125 and HFC- 143a
have sel ectivity values well above 2.0, which suggest

W bar/oz83separ ati on of these conmpounds from HFGPGRU06/037137
extractive distillation is feasible using [bm m [ PF6]
as theeqpgai ner. The solubility curves for these
refrlgerant pairs are shown in Figures 3 to 8 at
constant T of 10, 25, 50, and 75 OC. The differences

T n twe splubg)ity curges {or Bach |hydr &Luor ocar bonXpeas.
ested can be desicri bed by &@pttl ng the pressu

p) "
€O b Wbad pymesei o matsoh ol DA (ol fraction)

OO

100 R8T o8 oon abbol bed ARG | on & TPquidl The® "2

10.0 [ap9ssli {Tepances| shpuwp In ﬂﬁune 17 i ndizgate that 0.136
onic liguids such as [bmin] [PE6]l in this exahple can

10.0 =f26870v=|y25'5§parate4ﬂ$1ese jn@ﬂié”uoro@&ﬂﬁons In 0311

I AN AT A T N

10.0 (asme47 et 9'70( ngn@em Fem:-1( 2004) 4383049- 3054) 0.533
L.__Ant hony, et (J. Phvs. Chem B (2002)

10.0 10699@@5 73123;43 and 18.70Hug sbATIBAR Y, et D95 (J. | Chenf-696

A QN /If

10.0 l_llg 48 nﬂ-'z?t qug{g(ﬁ% Ty D&@E?I C|2ent MF/PILEI ‘Zy R'TEFSBZ

epar atl on of a m xture conprising difluoronmethane and
pent af | uor oet hane An Aspen Plus(r) process sinmulation
was used to nodel the extractive distillation process
foor the separation of a m xture consisting of

i fl uoronet hane and pent af | uor oet hane using [bm m
[ PF6Talsie 10ke entrai ner. The Aspen flowsheet used for
this sinmulation consists of a main colum nodel ed with
RadFrac and two

T P C, Cs D Xeale. Xineas.
(°O) (bar) (mass%) | (mass%) (mZ/sec) (mol. fraction) | (mol. fraction)
24.9 0.0998 0.01 0.09 2.71E-11 0.010 0.010
24.9 0.9997 0.42 1.01 2.52E-11 0.098 0.096
24.9 2.4956 - -~ -- -~ 0.225
24.9 3.9958 3.61 4.55 5.46E-11 0.336 0.335
24.9 5.4927 5.76 6.69 7.98E-11 0.432 0.431
24.9 6.9955 8.15 9.13 1.10E-10 0.516 0.515
249 8.4948 11.02 12.07 1.34E-10 0.593 0.593
24.9 10.0000 14.52 15.59 1.83E-10 0.662 0.662
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outlet flash druns for the regeneration of the ionic
liquid (IL), which is recycled back into the nmain

W@ ioams836s shown in Figure 2. The inmmeasur abl ePUHPS2006/037137
pressure of the ionic liquid was taken into
cong BR{?@ lon by fitting the Extended Antoine equation
value close to zero. The ionic liquid was treated as a
nondi ssoci ati ng conponent and assunption of an idea

\Ignnr nhaca \wac An af Ar o + A

H £ -
prast—yvats—1 L IIC Tl L~ Lt Havestt

T Vapé)r- L| qU| JSOEqw li bGsum {VLEY data coter begaéggri%@a"
° PN D doR ¢t (mvol! fy fli QNtfracti
o Sl?zg'z 4o | Gdhgogp chﬁ‘i(sﬁ R'PL n#ee)a ¢t indl tra&eah il ¢ raction)

m t wol i qu N inary |interaction
i ng0.004
P2 |

50.0 ga(r.agrgaters @31 L, Saney er| o@s@nikal andOEEhgi neer
her npdylnam-cs 3rd—Editipbn (1099) Joh WH-ey—an

50.0 509@995%_,0.&@\,\,\ Hg.sbqange?‘,s]a?p et Weg?g 0.057

500  [VAAGLs OTTESY PO T ‘”-Jégzﬁ-Pl"qU'61W?fe glener a6.g41

usi'ng (P, T, 'x) data obta romsolubility

50.0 Expesdment s2.(6ee |Exanfl es| 3. %11 for Q@IIBJbifi ty dad.al3
or HEC-32 and HEC-125_ respectiv F61)

500 [Tabf®4% khoddSthd notel i n(g“'lr”féé‘““{ﬂq: forbiI gmslelroa;r at i HA’8

50.0 fa.g%ng'wggD TPT] 5$ g | HFE3ES70 and Hpe3d25 USTNg (338

dases wer ¢ eval uatled. The first case

50.0 [o®ig9st s| of 587m Xt ure7df 9S.JE-bdl|% HFC332 and 4. 780.392

ml 9% HE 125 which form—an-azedtrope—at — The
500 L399 chsetPd a mi e ofl - GE-Y] %HFQ)Z%% and 50 noftd4
FC125 at—Toomtenperature (25 0C). For the first

case, the hydrofluorocarbon m xture (feed) is fed into
the main colum through stage 13 at 10 C. The ionic
liquid is fed through the 2nd stage of' the main col um

at 0
Table 10d

T P Co Cs D Xeale. Xmeas.
(°O) (bar) (mass%) | (mass%) (m*/sec) | (mol fraction) | (mol. fraction)

75.0 0.0940 0.0 0.0 5.75E-11 0.000 0.000

74.9 1.0018 0.06 0.31 6.06E-11 0.032 0.031

75.0 2.5040 0.71 0.89 1.23E-10 0.087 0.087

74.9 3.9958 1.32 1.49 1.26E-10 0.138 0.138

749 5.4938 1.92 2.09 | 1.59E-10 0.184 0.184

74.9 7.0051 2.58 2.72 1.35E-10 0.229 0.229

74.9 8.4954 3.24 3.37 1.19E-10 0.270 0.268

74.9 10.0046 3.89 4.05 2.10E-10 | 0.309 0.308
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0C. For the second case, the hydrofluorocarbon m xture
is fed into the main colum at stage 2 1 at room
wWaQ eopesssbaire. The ionic liquid is also fed i ntBCT/I82006/037137
colum at roomtenperature. As shown in Table 3, over
98 RSF G, fo t he overhead product (HFC 125) fed into
the main colum is recovered in the first and second
cas Ssjubility pé diflvabmetiite (FIFC-89) innl-bcyh3-caetbslimidapplnm
99. 2%, A higher purity HFC- 125 is produced inthe
overdfidg product when the azeotropic feed conposition
(95.11 drtflrd S 35 °C over a
(52 Ll A AR T Y S U
B X tprseurt ednget frotmaf) 60211) baihwhad\ﬁhﬂtsa@bllﬁfes L(glmEhg) tMeee measured

flash druns for.the regeneration,.gQf the' nic li
can USN8 & S IREHiF MIFTeRsacE 42 @1 %ﬁ%%vqlﬁse A Sl ao] o1 Hlofed using o

Comﬁé 'dirhé}ﬁlc(nﬁﬁaﬁ"ﬁl%)orﬂ ﬁloﬁ&daﬂaﬁfsﬁ t ige @Iﬁﬁél%bnc&ﬁral%l (C,), final
(0.2531 kg/s) of the 0.2749 kg/s HFC-32 fed into the

mei satositiomeoneentraitay b dnil paleiatet splbility 6%dc) iRakorevided.

m xture of 50 nol % HFC-32 and 50 nol % HFC- 125 is fed

into the colum, 91.0% (0.1315 kg/s) of the 0.1445

19/ s HES3821 fpe@kqagg @ath Her O0RIAY, DQDQ{(;I,’I ahd X,.£6 at/ertﬁﬂperhﬂure of 25
both cases, the remaining HFC-32 is recovered in the
secohd fl ash drum over head. This reduces the anmount of
inmpurities in the ionic liquid being recycled to |ess

than 0.3 nol % Tabl e 3. Aspen Results Exanples 3-35
provigige Pl ubil ity and diffusivity results for several
hydr of | uor ocar bon conpounds. These data are used for
selectivity determ nations (as shown in Exanple 1) and

T (T BSPEICICIT (e [<Togy EEERLe 2] Prkes.
&8 eqbhf)s | (mass%) | (mass%) (m?/sec) | (mol. fraction) | (mol. fractlon)
25.0 0.1007 0.01 0.06 1.75E-11 0.004 0.004
25.2 1.0021 0.23 0.80 1.77E-11 0.048 0.048
25.0 2.4971 1.20 2.13 1.86E-11 0.119 0.118
25.0 3.9999 2.58 3.55 2.27E-11 0.186 0.185
25.0 5.5008 4.07 5.04 3.13E-11 0.247 0.246
25.0 6.9964 5.64 6.64 3.81E-11 0.306 0.306
25.0 8.5027 7.52 8.33 2.86E-11 0.360 0.362
25.0 10.0022 9.27 10.35 6.37E-11 0.417 0.416

15
EXAMPLE 11

Solubility of difluoromethane (HFC-32) in 1,3-dioctylimidazolium iodide
A solubility and diffusivity study was made at a temperature of 25 °C over a
20 pressure range from 0 to 10 bar where the solubilities (Ximeas) Were measured

using a gravimetric microbalance and the diffusivities (D) were calculated using a
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for several hydrofluorocarbons (HFC 32, HFC 125,
HFC- 134a, HFC-143a, and HFC-152a) in one ionic |iquid,

wQ bovir03q364-6], at 10, 25, 50, and 75 C. ConposiPCDES2006/037137
were prepared that consisted of HFC-32 and [ bm nj
[ PFG] e A Q3R Uirlsidn ho P AHALy §§ 2rH¥0In Qi QoEGMraBén (C,), final
HFC- 2 over a tenperature range rom1l10 to 75 C at a
pr essumntor cameatbaion (0s)1andcal@lised soldylpocud)dns 2l provided.
prepared that consisted of HFC- 125 and [bm m [ PF6]
fromabout 0.1 to about 65.1 nole percent of HFC 125
over a tenperature range from10 to 75 C at a pressure
fromabout 0.1 to 10 bar. Conpositions were prepare
fhat Cladd 42 prpvades etz T8 4%, SadD{ Bricnf dPKeHs r%rﬁ%&}rre of 23
0.1,to about 72.1 nole percent of HFC 134a over a
terrp rature range from10 to 75 C at a pressure from
about 0.1 to 3.5 bar. Conpositions were prepared that
consi sted of HFC-143a and [bm m{[ PF6] from about 0.1
to dbble 126.5 nol e percent of HFC 143a over a
tenperature range from10 to 75 C at a pressure from

about 0.1 to 7.5 bar. Conpositions were prepared that
T  |cong steld ofcHFC{1 58a anfl [ bpi ni [[PF6] Xi.50m ablout OXHeas.

to about| 79.7 nolle percenl of, HEC| 152a over .
O fefmnat ubmarsdahe EBRYD0) & 5o @p Olirﬁ‘r i o 4790l Jrction)

abott—O0t—tH-4-5 ual iz 7729

: . 0

25.0 F.%Eﬁ% B8, .O“i* - 116 sln >ol?%ﬂty ang"0 |9ffus Vi t?/@g !
250 [repobfc ForobbC 32 iggmevenal1mdilt i onalo6éoni c 0.064

liquids. | Fxanpleg 30-35 show solubility and
250 |di26003 v| tyl2Bsullts 2BF HF@35Eshh |in 0.152 0.150
25.0 4.0024 2.62 3.51 291E-11 0.227 0.225
25.0 5.5024 4.03 4.93 3.54E-11 0.295 0.293
25.0 7.0010 5.51 6.43 4.25E-11 0.357 0.355
24.9 8.4988 7.12 8.07 5.00E-11 0.415 0413
25.0 10.0024 8.83 9.85 5.77E-11 0.469 0.468

10

" EXAMPLE 12

Solubility of difluoromethane (HFC-32) in 1-ethyl-3-methylimidazolium
15 bis(pentafluoroethylsulfonyl)imide
A solubility and diffusivity study was made at a temperature of 10, 25, 50, and
75 °C over a pressure range from 0 to 10 bar where the solubilities (Xmeas.) Were
measured using a gravimetric microbalance and the diffusivities (D) were
calculated using a one-dimensional diffusion model analysis. The initial
20  concentration (C,), final saturation concentration (C), and calculated solubility

(Xcar) are also provided.

Tables 13a, 13b, 13c and 13d provide data for Co, Cs, D, Xcatc, and Ximess at a
temperature of 10°C, 25 °C, 50°C, and 75°C, respectively.
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sever al

ionic |liquids.

Exanpl es 15 and 16 and Fi gures

9 and 10 show solubility and diffusivity results for

[em ni [ PF6]

abouk)ﬁ%%%

WORG7AB3N the ionic |iquids [bm n[PF6] and PCT/US2006/037137
. Conpositions were prepared that
of HFC-32 and [bmi n][BF4] fromabout 0.1 to

nol e percent of HFC-32 over a tenperature

range from10 to 75 OC at a pressure fromaboyt 0.1 to

T 10 Par . Conp}gsnt onsCuer d prdbarel thaXeeonsi 4t ed Sfmes.
[ T fro .

Q) %é‘rber c&ﬂ%ss ¢ ?ﬁ%a%t %‘%ﬁ g o %ric?nogg uhgg,g fraction)
10.0 P'(?TM” TR aboutg 5 19 §@9Eﬂr1 Commpgi4 i ong ver @.014
100 |PIERG0 SY b COTTST IR Ty HBE-g2 [ and .oy M [ ”Qm44
100 |s oS5 ailor a8 ot cAsig '”ZEZESL'::",‘,G,,;A C 33 3 303
100 103095 |Corhibit | ond der o brldbaled t had*¥bnsi ot cd—ori07
100 |HFE49% dnd 1Ld&i ni[113-23 om ABEID]7 + - S0t 46 8 P
100 |pepeft |of 1AF6- 32 at9.% t enpdRBtId ¢ of @69 and a  0.699
100 |presesire fnamsabout3@37 tjo1HIELHEY | Conp883 tions wer®k799

prepared that consisted of HFC-32 and [em n] [ BEIl]

fromabout 1.0 to about 66.6 nole percent of HFC 32 at

{;\ igggerﬁ,’tbure of 25 0C and a pressure from about 0.1

0 oo anp05| tions were prepared that consisted
S2ar anpl TNVEV romjabou 8 td abo

T 64. nol ie per"ctent po?bf}FC- 3!21%& a tenpg(r (a'iture of 25%'595'
(°C)  [antha) prietmussYo)  omabiA)t | Ani/sec) 10« fragtinm) ois i(miobfsaction)

were prepared that consisted of HFFC 32 and
25.0 | pAO9P[ BVeI 0-08r orh aell 1] o-PR- Abgut 63080 ot o per LA
250 |of 0199T- 3R ab.74 t enpdr2 ure BPEIZ ¢ and0404 0.104
25.0 2.496 2.49 3.19 1.1E-10 0.237 0.237
25.0 3.996 4.61 5.33 1.3E-10 0.347 0.347
25.0 5.493 7.03 7.75 1.6E-10 0.443 0.442
25.0 6.993 9.70 10.49 1.8E-10 0.525 0.525
25.0 8.503 12.87 13.71 2.1E-10 0.600 0.598
25.0 10.005 16.49 17.56 1.7E-10 0.668 0.666

Table 13¢

10
T P Co Cs D Xcalc. Xmeas.
(°C) (bar) (mass%) | (mass%) (m?/sec) | (mol. fraction) | (mol. fraction)
50.0 0.100 0.00 0.04 1.66E-10 0.004 0.004
50.0 0.997 0.49 0.65 1.34E-10 0.058 0.059
50.0 2.497 1.46 1.73 1.79E-10 0.142 0.145
50.0 3.996 2.61 2.83 1.92E-10 0.216 0.219
50.0 5.495 3.82 3.98 2.19E-10 0.281 0.285
50.0 6.995 4.92 5.19 2.28E-10 0.341 0.345
50.0 8.504 6.20 6.46 | 2.73E-10 0.395 0.399
50.0 9.993 7.54 7.81 1.62E-10 0.444 0.449

15
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pressure fromabout 0.1 to 10 bar. Conpositions were
prepared that consisted of HFGC- 32 and [em nj [ BMel ]

wo p@mosisedit 0.1 to about 78.5 nole percent of PEZUSD06/037137

over a tenperature range from10 to 75 OC at a
preggpiegsdrom about 0.1 to 10 bar. Conpositions were
prepared that consisted of HFC 32 and [ bnpy] [ BMel ]
fromabout 1.0 to about 64.8 nole percent of HFC 32 at

T a tgnperjaturg, of (25 @C and a Pressure K.gm about OXmeas
to 10 bar. Conpositions were r epar ed tPat C I S ?c*
(°C)  lof (208 32(@%{5 b mqsmg (pY' (56¢)a ) Jarolqfraction abc(f}’c" raction)
749 o nagioe PEDREM Ol g Pa B  STPehBOE © Of D G001
749 {nod O0B: ehar B2t hdt - Oner sk gbUbr e 320038 IOBER
749 | bR [ TEES)-9Pr orh atlolft 1] 3-328-Hhqut 58085 npl el per (BAS
749 |of 399 3P al.72 t anper@t ur b 3652 ¢ and0d4presshre £9-Mf
749 |abouwe0. 1 t9.390 har .2.4£onpp$iidbhs |\wer eOgPépar ed t haf.194
749 cop3iogt ed of.0RFC-32 zawl [ bdM1A-{0TRES] 0126 about 1.@239
749 [ Og3paul| 56337nolle pepgeent 30fsp-i-32 ap.280t enper at ug.eso
749 [ 949400 Y 53 PIESSERE T amzangy U Tobg U DA 0317

N rr-a-ci-+ AR A A

AposStHtrofS—wWer€—prepare consisted of C 32
and [hm m [ TFES] from about 1. O to about 58.6 nole
percent of HFC-32 at a tenperature of 25 C and a

pre about 0.1 to 10 bar. Conpositions were
prem@émghconsi sted of HFC-23 and [bmi n][PF6] from
abogol#hility 6f diflavEonteth SndHEC3C) Men2-dinetiyG-320ropytimidazolium
tenperature range from10 to 75 C at a pressure from

abois(trifluexemeshysplionylimisle ¢ i ons were prepared that
consi s iﬁﬂn{ﬁlﬁd %?fﬁféﬂzqty[s?mﬁ'l;d/:{seﬁ:ﬁie t ARG Hrdof1d, 95, 50, and

about e percent over a tenperature
wangs ¢ OVﬁr&Dpressure range from 0 to 10 bar where the solubilities (Xmeas.) Were

measured using a gravimetric microbalance and the diffusivities (D) were
calculated using a one-dimensional diffusion model analysis. The initial
concentration (C,), final saturation concentration (Cs), and calculated solubility
(Xeale) are also provided.
15
Table 14 provides data for Co, Cs, D, Xcaie, and Xineas at a temperature of 25
°C.

98




to 75 C at a pressure fromabout 0.1 to 20 bar. Figure

17 shows neasured isothermal solubility data (in nole

wo e@ecosssnd at 10 OC of the systens HFC 32, HFQPABRS2006/037137

HFC- 134a, HFC-125, and HFC-143a + [bnini [PF6] in

ternms of absolute pressure divided by the gas

saturation pressure (PO) at 10 OC shown by ratio
PZIFO%#. 4The saturation pressures for HFC 32, HFC

5; d 134a, HFC 143a, and HFC- 152a at 10 OC are PO
11. 069 bar, PO 3.7277 bar, PO = 4.1461 bar, PO =
9.0875, and PO = 8 3628 bhar . resp ctivel y—Ne ative

T deviPat i gns fGoom Raou€t' s Iawl?l cur?fa!tcure Hel owXe.
daghed Iji pe) pndi cat t ong 2 ef e ;
CO re rgef a{‘]ﬂl;sg% t h@]a:%%%’l Cc Rl&q{?:&g \%&fdéﬁ?l ngltu?e S?BE?E]%tlon)
240 SQ.GH0 TTY. b5 par tiocll ar| BEGESP has neges i ve 0.008
25.0 ”Wé?&ﬁ 16 B4 S TR EE-BNeWn T@odl gure I7. 0.090
250 @u "IU'I‘I?4ZZUIFE:L\: S :lr: %194 II [EIILL@J 3—4—0] LI' omp_212
25.0 a%é?} & om 64t 019490 o jltzlg}lsqg'_ ot QL7 p;y s d:‘b 317
250  |deMdA3i ans ?p&m FRHOI&QO S 019 | cur v rZIrn aibn\lngqﬁ_’
250 |daBOEH || nep.08r e |moi@®92ypj dalSEal |i ndi 8492 reflri gerGdid
25.0 [argl5ixnilc 1136 d§ ait429ess 2s3Fdl) ¢ and0.6Vent uall |y Y73
25.0 quumggliqqhdﬁlicuid&phaseZ&EﬁQuhtion.OﬁAﬁpos?kiongl645

gonprise HFC 152a and [bmin] [PF6] fromabout 0.1 to
about 80 nol e percent of HFC- 152a at 10 0OC and PZPO
fromO.1 to about 0.86. Conpositions conprise HFC

134%@ ' [ PF6] from about 0.1 to about 72 nole

per HFC- 134a at 10 OC and PZPO from about 0.1
t 0 &nibilify- cF4difluoromethane (HFC-32) in 3-methyl-1-propylpyridinium

bis(trifluoromethylsulfonyl)imide

10 A solubility and diffusivity study was made at a temperature of 10, 25, 50, and

75 °C over a pressure range from 0 to 10 bar where the solubilities (Xmeas.) Were
measured using a gravimetric microbalance and the diffusivities (D) were
calculated using a one-dimensional diffusion model analysis. The initial

concentration (C,), final saturation concentration (Cs), and calculated solubility

15 (Xea.) are also provided.

Tables 15a, 15b, 15¢, and 15d provide data for C,, Cs, D, Xeate, and Xmeas at a
temperature of 10°C, 25 °C, 50°C, and 75°C, respectively.
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Conposi tions conprise HFG- 125 and [bmm [PF6] from

about 0.1 nole to about 65 nole percent of HFC 125 at
waooomsssssl PZPO from about 0.1 to about 0.88. PCT/US2006/037137

Conposi tions conprise HFC 143a and [bmin][PF 6] from

about 0.1 to about 25 nole percent at 10 0C and PZPO

fromabout 0.1 to about 0.90. Exanple 36 provides a

descr p_t,{%n of the m crobal ance conponents. EXAMPLE 3
Sol of difluoronethane (HFC-32) in
| -hllf \I| 3- net | h\IL m-dazol-um-hexafl-uor G“nGSpha{ oA

T sol ®oi | i ty Qnd d ffu@; vitly stI?de has els at Ximeas.

° Leqnsy at Uhkxs L Qmagsvs) 2L (nPRE) 7P (ol Phctidn r\e MBI graction
CO  ra gefro{n%?’o) 8“1? %) erethg pélubllltlez (?(l%eas) )
10.0 wﬁ)erEcsur(ﬁ@B us{ ngoA2gr avEmeEriic [ m cr@bed ance and AHS
10.0 |OITodeg i TTess (D) werg cal sybatyd | usi nyl4l 0.140
10.0 u:f@gﬂz\[wnusuggsul - | ”St_ o AREEL ANal Yo 510 The [initiedyl
100 |/ 3893 14 7, &,,, T qi3sar JBRATHY 10N COREENL MGt T O 452
100 | SABad Fabban aeia s, hasorld 12 %0 Sof j;f; o 0570
100 |c0.9%69, D, 1%d3i e e OE W dper H00%s ot 10 069
100 |5848% 75 €7.8Pespecd-b@l y| 2¢/1Fall & 4aTRE8E 4h Tahlé)778

4cTabl e 4d EXAMPLE 4 5 Sol ubility of pentafl uoroethane
(HFC-125) in | -butyl-3-nmethylimdazolium
Table 15b

T | Co Cs D Xcalc. Xmeas.
°C) (bar) (mass%) | (mass%) | (m’/sec) | (mol. fraction) | (mol. fraction)
24.9 0.0951 0.02 0.12 9.96E-11 0.010 0.010
24.9 1.0020 0.74 1.32 1.00E-10 0.097 0.096
24.9 2.5034 2.67 3.44 1.20E-10 0.222 0.221
24.9 3.9959 4.93 5.73 1.52E-10 0.327 0.328
24.9 5.4973 7.52 8.30 1.92E-10 0.420 0.419
24.9 6.9923 10.35 11.16 2.20E-10 0.501 0.502
24.9 8.4965 13.61 14.48 2.41E-10 0.575 0.575
24.9 10.0044 - 17.35 18.06 6.21E-10 0.638 0.639

5
Table 15¢

T P Co Cs D Xcalc. Xmeas.
°O) (bar) (mass%) | (mass%) (m%*/sec) | (mol. fraction) | (mol. fraction)
50.0 0.1025 0.04 0.08 2.10E-10 0.007 0.007
50.0 1.0031 0.59 0.76 1.86E-10 0.058 0.058
50.0 2.4979 1.64 1.93 2.01E-10 0.136 0.137
50.0 4.0004 2.82 3.11 2.80E-10 0.205 0.206
50.0 5.4945 4.05 4.36 2.37E-10 0.268 0.270
50.0 6.9935 5.39 5.64 3.50E-10 0.323 0.326
50.0 8.5031 6.71 6.97 3.95E-10 0.375 0.378
50.0 9.9939 8.06 8.44 2.30E-10 0.425 0.427
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hexaf | uor ophosphate A solubility and diffusivity study
was made at tenperatures of 10, 25, 50, and 75 C over

w@2@re3se e range fromO to 10 bar where the PCT/US2006/037137

solubilities (Xmeas.) were 10 neasured using a
gravimetric mcrobal ance and the diffusivities (D)
ver g £ ﬁl CS#' ated using a one-di mensional diffusion
nodel "anal'ysis. The initial concentration (C0), final
saturation concentration (Cs), and cal cul at ed

in_uhlllfu (Xcale)—are—alse—provded 1C _Tolkl
) Fe—arSO OvHaet:

T X_W AT S O

5b, BSC and pr ovi des datpa f Q0, Cs, Bl Xcai|c, angm*
° 1Qm? $ drd&idn 1. fracti
O ra”E‘S%at SRR %P 88 Q) oo P Andrdfid | (mol. fraction)
749 |[1OQEMAMPLE 5.8l ubi | i0to4 of | B,94F11®t et r@P03or oet hanel.003
749 |[(FF8o7B34a) 0.041 - but yi463- BidYA-101| dazod.ns6n 0.037
74.9 ”%%20”5' op{iggPhat e 1Ay 50T IBIdgH ¥ and dp HasisT ity steidso
749 [0 Q@”c ot L.j’i””“"“ WS Dlg k1?3 50p.13810 75 T OVgl3g
ZERE AT R ?Lmr@sgﬁo Y ““.‘jfbj,ﬁ”e 0.183
74.9 ertQWﬁ:t A et b P .ffug?j?t, es| (g 0:223
74.9  \we$.89%%l cul 4Péd usi gl ohé- BTN di onaf-287 f f ush on 0262
74.9 0d1019nkl y476. The 49 ti al5-48%8-tdrcent $3P3on (00), 0-300

ki nal saturation concentration (Cs), and cal cul at ed
solubility

EXAMPLE 15
Solubility of trifluoromethane (HFC-23) in 1-butyl-3-methylimidazolium
hexafluorophosphate
10 A solubility and diffusivity study was made at a temperature of 10, 25, 50, and
75 °C over a pressure range from 0 to 20 bar where the solubilities (Xineas) Were
measured using a gravimetric microbalance and the diffusivities (D) were
calculated using a one-dimensional diffusion model analysis. The initial
concentration (C,), final saturation concentration (Cs), and calculated solubility
15  (Xcal.) are also provided.
Tables 16a, 16b, 16¢, and 16d provide data for C,, Cs, D, Xeaie, and Ximeas at a
temperature of 10°C, 25 °C, 50°C, and 75°C, respectively.
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(Xcaic.) are also provided. Tables 6a, 6b, 6c and 6d

provi de

data for

C0, Cs, D, Xcaic,
wao eowpessabar es of 10, 25, 50 and 75 C

and Xneas at
respect i RE/YS2005037137

Tabl e 6aTabl e 6b Tabl e 6¢cTabl e 6dEXAMPLE 6 Sol ubility

of 1,1,1-trifluoroethane (HFC 143a)

met
di f

usi vi

in |-butyl

- 3-

lqu azol i um hexaf | uor ophosphate A solubility and
y study was nade at tenperatures of 10, 25,

50, and 75 OC over a pressure range fromO to 7.5 bar
where the solubilities (Xnmeas.) were neasured using a

gravi netric m crpbal ance and-thediffusi-vities—(b)

T Weré’I callcul &ved Usirfgs a dne- d? mensi onalkeatdi f f ugi on Xmeas.
o nogdel . anal. ysi.s. The Lo tilal. e en [ N (o ;
O sa lﬁ'&ti OLIM%SS# en?ﬁlg% %’?1 (&rﬁeggndt({gg}g%l{bg{ogg (ﬁlbnﬁamon)
04 |s@odenl ity 10 (Xfaic.) r [al so-proyided. -Tabl e§ 7a, 0480
54 7050 10 M.y 0 dphs Tof 1G4E-G | D, %6 ¢, and XD
96 P tggecTatures o 10, 25750 and 15 C I espectji Vel yj 28

o : ATo al Zkh Takl Z T all =~ 1 = \sanp gy et = M

9.5 |- 40003 9 "5 C U365 o ISARIC [T .SV © 0113
9.4 7.0000 4.14 5.76 2.17E-11 0.199 0.198
9.5 9.9934 7.15 8.81 2.89E-11 0.282 0.281
9.5 12.9972 10.59 12.22 4.26E-11 0.361 0.361
9.5 14.9964 13.48 14.81 5.68E-11 0.414 0.414
10.0 20.0017 -- - -- ~- 0.528

5  Table 16b

T P Co Cs D Xcalc. Xmeas.
(°O) (bar) (mass%) | (mass%) (m?/sec) | (mol. fraction) | (mol. fraction)
24.9 0.0991 -- - -- -- 0.000
24.9 0.4972 0.03 0.19 2.56E-11 0.008 0.008
24.9 0.9994 0.24 0.44 3.22E-11 0.018 0.018
24.9 3.9934 1.17 2.08 2.37E-11 0.080 0.079
24.9 6.9953 2.86 3.79 3.01E-11 | 0.138 0.137
24.9 10.0041 4.68 5.59 3.95E-11 0.194 0.193
24.9 13.0056 6.66 7.52 3.89E-11 0.248 0.247
25.0 15.0000 8.09 8.80 5.73E-11 0.281 0.281
24.9 19.9990 11.36 12.49 7.12E-11 0.367 0.367
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Solubility of 1,1-difluoroethane (HFC 152a) in
| -butyl -3-nethylimdazol i um hexaf | uor ophosphate A
w@odoabsdsss y and diffusivity study was nmade at PCT/US2006/037137
tenperatures of 10, 25, 50, and 10 75 OC over a
prless_ulre range fromO to 4.5 bar where the
SO i;ties (Xmeas.) were neasured using a
gra’yf%rlstlhcc m crobal ance and the diffusi 8i ties (D)
were cal cul ated using a one-dinensional diffusion

mdel Aanal vy o Th : HE o - - M £ ~An P .

Feag—afarygt-S—— e gnttial neemtTatLon (CO)f, 11 I ]

sat E’r atijon ?@ncgwtra fon|(C ), angd cal %ﬁﬂ"‘at ed | K,

©C) SOt | 1|t fmds¥OR ¢ (na8s%)al IM*REQ)Vi dal. fidctibah| e ¢m8h fraction)
8b, 8c dnd 8d provide datla for CO} C3_ D Xcailc,

__and
50.0 | XioeBs8lat| t ehp@r af ur @Hlof [16,34B511 50 arf0G® C, 0.000

50.0 |r esqmat ijvel (03 20Tabloel 18a [Tak6E-8b | 10Tab0@s 8c 10 0.005

50.0 |EX9GRE 8 Splwbi [Tty of dji Flgeromet han@0(HFC 32) i 0.011

500 || aBYeE -3 TERaY! M qazol T UBIREl{al T Uorebay ate A 0.049
500 |00 Q0% Ty O O TSIV LY 6SAE0h WS _Tgges at 0.085
500 |,100041 ", et 32 i B @EE Y o gt q L 0120

2 ot U U [ T VUITCT C SUI ori1 11
500 |( 338931 ) wed-85 npasude? us| i %‘MEQ-E d.154
500 |nil5.08b%] lancé68nd |t hd-Qi £ £ idihErTod (D) Ohfb e 0.176
50.0 19.9932 6.41 6.78 1.08E-10 0.228 0.227

5

Table 16d
T P Co Cs D Xcalc. ' Xmeas.

(°O) (bar) (mass%) | (mass%) (m*/sec) | (mol. fraction) ’ (mol. fraction)
75.0 0.0965 -- -- - - 0.001
74.9 0.4973 0.03 0.08 8.13E-11 0.003 0.003
74.9 0.9975 0.12 0.21 1.22E-10 0.008 0.008
74.9 3.9971 0.63 0.84 1.04E-10 0.033 0.033
74.9 7.0016 1.45 142 2.86E-12 | - 0.055 0.057
75.0 9.9934 1.92 2.08 1.08E-10 0.079 . 0.080
74.9 13.0031 2.55 2.72 2.23E-10 0.102 0.103
74.9 14.9943 2.98 3.17 1.09E-10 0.117 0.118
74.9 19.9998 4.00 4.22 2.31E-10 0.152 0.146

10 ’

EXAMPLE 16

Solubility of trifluoromethane (HFC-23) in 1-ethyl-3-methylimidazolinm
15  hexafluorophosphate
A solubility and diffusivity study was made at a temperature of 60, and 75 °C
over a pressure range from 0 to 20 bar where the solubilities (Kineas.) Were
measured using a gravimetric microbalance and the diffusivities (D) were
calculated using a one-dimensional diffusion model analysis. The initial
20  concentration (C,), final saturation concentration (Cs), and calculated solubility

(Xcaic.) are also provided.
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cal cul at ed usi ng a one-di nensi onal diffusion nodel
analysis. The initialconcentration (C0), final

W@ a60a103836>n concentration (Cs), and cal cul at edPCT/US2006/037137
solubility (Xcaic.) are also provided. Tables 9a, 9b,
9c and 9d provide data for CO, Cs, D, Xcaic, and Xneas
at 5 tenperatures of 10, 25, 50 and 75 OC,
r espediables! 72, Tandl &79 pra0der alstee SITEb &0 Fakbi, 98 SXmeas at 2

EXAVPLE 9 Sol.uhj lit di f1 uor onet hane (HFC 32) i
- eapts o S0 G 7o RS, (rres2) im
tris(trifluoronethylsulfonyl)nethide A solubility and

gif{r%i \(liféy study was nade at tenperatures of 10, 25,
0, And 75 C over a pressure range fromO to 10 bar

oarn o ool ke |

E—tNe—S .\JUI 'tiAS\ ) WETE 1 ured usin d
T gr avi metir i ¢ G cr obal ahce angjl’he di ffug“?ﬁ tieg (D K
o) |"elrarsal Chhadsedh USintBs%h)ongnliseynsi(amal fraétidnysi emol. fraction)
model " analysis.” The inifijal concentration (CO) final

50.9 |sa&t@@9atilon cencentrati on {(Cs)-- and cal ctd at ed 0.000

509 |saj4dulilty @.d8ai ¢.) 0e0% aj $@3priviided. 0.083 Tabl|es 10H003

59.9 |1QPo9780C ang130d[pr avigde datpimy | OO, @607 D, Xcal ¢,0.007

599  [HogYEESS 676 CTHET qidy eS| ai21E00 45, S@ognd 79 G 0.030

509 | o954 TVET ¥ 307V 1AV 550 V) 1.58E-10 0.053 0.053
59.9 10.0001 2.02 2.18 1.12E-10 0.075 0.076
60.0 12.9920 2.71 2.86 2.55E-10 0.097 0.098
59.9 15.0002 3.20 3.35 1.68E-10 0.113 0.113
59.9 19.9990 4.39 454 | 3.12E-10 0.148 0.151

10 Table17b

T P Co Cs D Xcalc. Xmeas.

°O) (bar) (mass%) | (mass%) (m?/sec) | (mol. fraction) | (mol. fraction)
75.0 0.0965 0.02 0.02 1.12E-10 0.001 0.001
74.9 0.4982 - -- - - 0.002
74.9 0.9998 0.12 0.16 1.94E-10 0.006 0.006
74.9 4.0035 0.56 0.65 2.18E-10 0.023 0.024
74.9 6.9933 1.06 1.14 1.17E-10 0.040 0.040
74.9 10.0041 1.56 1.65 2.73E-10 0.058 0.057
75.0 12.9969 2.00 2.16 1.02E-10 0.075 0.074
74.9 15.0041 2.47 2.49 7.22E-10 0.085 0.083
75.0 19.9939 -- -~ -- -~ 0.116
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Tabl e 10b 10Tabl e 10c Tabl e 10dEXAMPLE 10 Sol ubility
of difluoronethane (HFC-32) in

Wo 200034368- met hyl i m dazol i um i odi de A sol ubi | i PGT/HS2906/037137
dlfoSIVIty study was nade at a tenperature of 25 0C

XgFB{ syre range fromO to 10 bar where the
soI ub Y

e S P PO G AR ARRC 2T et Hiehd

m%k(tﬂﬂﬂbﬁ&tlﬁylsﬁﬂhﬁnyl)ﬁhtdeal concent r at i on (OO)

I'es (Xneas.) were neasured u3| ng a

saturation concentrati.on

ssol ubiA sodybilityead diffusiyity S&‘P@’owi‘ﬁr B9

G Ehhes Fiom Bpq 193

of difdutar asmEhangra(inGid hiciobalbnde dindc thel |dlﬁﬁmn¢s
iodide A solubility and diffu

a t@ﬁi?)éfft@d Gstngfa puedigersiongl
atl\gg

e%ge?(g

to COI’lC

neasure

s data f

PUre’ B

usin

10 f Ugl vire aBs ptdWidader e cal cul at ed usi ng
aone- di nensi onal

concentration (C0),

di f fusi on nodel
final

anal ysi s.

}qﬁm(i@ohum

usi on

final

&'%@331' t%]_%!@"é‘t ﬁ.g? g 10,25, 50, and

af whRE %@%@ﬁlbﬁhtﬁs (Xmeas) were
EXAMPLE 11 Sol ubi'l

WEre

;%}[tjﬂ%a)ég glt&%gglr gﬂagmf T orﬁ‘@ initial
e %%fﬁ}ﬁ'oh'ctoh@eﬁmﬁm 36,)) aM®cBlculated solubility

°d gravinetric m crobal ance and the

The initial

Tables 18a, 18b, 18c, and 18d provide data for C,, Cs, D, Xeaie, and Xiyeas at a
temperature of 10°C, 25 °C, 50°C, and 75°C, respectively.

15

Table 18a

T P Co Cs D Xcalc. Xmeas.
(°O) (bar) (mass%) | (mass%) | (m ’/sec) | (mol. fraction) | (mol. fraction)
10.0 0.1015 0.11 0.19 6.94E-11 0.014 0.014
10.0 1.0012 1.12 2.06 8.72E-11 0.137 0.136
10.0 2.5030 4.25 5.55 1.18E-10 0.306 0.305
10.0 3.9929 8.20 9.58 1.50E-10 0.444 0.446
10.0 5.4925 13.38 14.83 1.78E-10 0.567 0.567
10.0 7.0043 19.75 21.63 2.36E-10 0.675 0.668
10.0 8.4935 27.92 31.92 1.24E-10 0.779 0.785

20
Table 18b

T P Co Cs D Xcalc. Xmeas.
°O) (bar) (mass%) | (mass%) | (m */sec) | (mol. fraction) | (mol. fraction)
25.0 0.0959 0.09 0.13 8.36E-11 0.010 0.010
25.0 0.9981 0.86 1.38 1.22E-10 0.095 0.095
25.0 2.5024 2.88 3.56 1.61E-10 0.217 0.217
25.0 3.9937 5.27 5.97 1.56E-10 0.323 0.323
25.0 5.4940 7.90 8.60 2.00E-10 0.414 0.414
25.0 6.9946 10.77 11.53 2.33E-10 0.495 0.495
25.0 8.4952 14.06 14.80 3.24E-10 0.566 0.565
25.0 9.9967 17.74 1858 3.20E-10 0.632 0.637
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saturation concentration (Cs),

and cal cul at ed

solubility (Xcaic.) are also provided. Table 12

w@e@vioskssd data for CO, C

D, Xcai c,

and XnmeasPEit/US2006/037137

tenperature of 25 C. Table 12 10 EXAMPLE 12 Sol ubility

of

dy.onet hane (HFC- 32)

in

!.-etf]ly - 3-net hyl i m dazol i um 15
T prs(pentaf T@roeThyl gul Tonyi )pm dg A sgf ybiTity andy

di f fusivjty Study was made at a tenperature of | 10, Z%eas
(°C) 50(badd [76massSukr] @ngste)s ir@’fsange ﬂ‘rmdnfr@citl@)lp (nml fraction)

shere the solubillities (Xpeas)—were rApasyred—usth
50.0 vr%@’@%t i cO-Rtcr dbal 7(‘9 qr%cpf’rEi’iLO diff IIQ;QOSf ies| (D) 80 605
500 |net.8029 kul @68d Usi My7A ohd-BBvEhsi onal-085f f us| an 0-055
50.0 hodéd72anpl ysi7$. The 1.98 ti al2.BE-tOncent PdB2on ([CO), 0.132
50.0 fisqabiisat urapson [corkent ratd.8eE-{@Cy), aodoeal cu| at ed0.199
50.0 POSWBAJT[Y f%saiq) afspal $@. oy ded. Gablies 1Ba, 18b62
50.0 [%o@dy f3dsgpoviide dgia Taro/fio ¢ Do Tﬂ%a' C,[and 9316
50.0 [ g204d% |2, 6940 100 T30 = L2 wm APl 364
50.0 | 1000038 | 82277 |7 ®51 [ 343E-10° T % ‘1‘1 0.412

5  Table 18d

T P Co Cs D Xcalc. Xmeas.

O (bar) (mass%) | (mass%) (m*/sec) | (mol. fraction) | (mol. fraction)
74.9 0.1028 0.01 0.03 6.36E-10 0.002 0.002
74.9 0.9981 0.36 0.46 341E-10 0.034 0.034
74.9 2.4971 1.09 1.21 4.21E-10 0.084 0.084
74.9 3.9948 1.82 1.96 5.11E-10 0.130 0.130
74.9 5.5026 2.60 2.71 5.24E-10 0.173 0.173
74.9 6.9919 3.37 3.49 3.22E-10 0.213 0.213
74.9 8.5039 4.16 428 4.63E-10 0.252 0.251
74.9 10.0045 5.10 5.10 4 75E-09 0.288 0.284

10 EXAMPLE 18

Solubility of diﬂuorometﬁane (HFC-32) in 1-butyl-3-methylpyridinium

bis(trifluoromethylsulfonyl)imide

A solubility and diffusivity study was made at a temperature of 25°C over a

15

pressure range from O to 10 bar where the solubilities (Xmes) were measured

using a gravimetric microbalance and the diffusivities (D) were calculated using a

one-dimensional diffusion model analysis.

The initial concentration (C,), final

saturation concentration (Cs), and calculated solubility (Xca.) are also provided in

Table
20

19.
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EXAMPLE 13 Sol ubility of difluoronethane (HFC- 32)

I, 2-di met hyl - 3- propyl i m dazol i um

in

woe@(nsd363 uor onet hyl sul fonyl )i m de A sol ubili t BCEOS2006/037137
diffusivity study was nmade at a tenperature of 10, 25,

50, ﬁ%&hﬂgo 75 C over a pressure range fromO to 10 bar
where e solubilities (Xmeas.) were neasured using a
raw metyic g crobat ghce and {he diffusd vitil es) (D)
T vver?cal cul at’ed ysi ng{sla ohe- dI nengi ona?d“a“rffu& on Kimeas
C) Iodeir)anpinaisys) Thenass?s) pl (ftsecient (uadli bracti@@0) | (fiohdkaction)
sat uratilon concentration {Cs) and-cal cul ated
250 500091 iky QRtaig.) Gl% a séoélmb. ded 0P80 Tapl e 14 0.010
25.0 pra9pikes| dab.a6f ol C0.3%s, | 0,82kl ¢ andORABas at a 0.100
25.0 teppesature268 25 DG.3xabl e N2HEKMANPLE 021%0l ubj | it y0.823
25.0 0i3bogg opethape (HFG.8P) | N .49E-10 0.321 0.329
25.0 P 5‘@96‘2" =phePYIPYTd fA NT UM s3E-10 | 0414 0.424
25.0 s 655 f u‘DTUIIb‘LIT ytsut ron | )I T de A sol ubr | Iy afdos
25.0 ;'ns S T YT e ATt Pl e gyt ot 10680
25.0 Q02 h quQﬁou itil i§ 1"3‘ Gare n ?rzrmi isi m0§48
gravinetric m crobal ance and the diffusivities (D)
ﬁgre cal cul ated using a one-dinensional diffusion
deéXgR/ﬁLIYﬁllﬁ The initial
Solubility of difluoromethane (HFC-32) in 1-ethyl-3-methylimidazolium
1,1,2,2-tetrafluoroethanesulfonate ‘
10 A solubility and diffusivity study was made at a temperature of 25 °C over a
pressure range from O to 10 bar where the solubilities (Ximeas) Were measured
using a gravimetric microbalance and the diffusivities (D) were calculated psing a
one-dimensional diffusion model analysis. The initial concentration (C,), final
saturation concentration (Cs), and calculated sqlubility (Xealc.) are also provided in
15  Table 20.
Table 20
T P Co Cs D Xcalc. Xmeas.
O (bar) (mass%) | (mass%) (m2/sec) (mol. fraction) | (mol. fraction)
25.0 0.0987 0.01 0.10 4.12E-11 0.006 0.006
24.9 0.9910 0.40 1.03 3.25E-11 0.055 0.054
24.9 2.4841 2.48 2.65 2.94E-11 0.133 0.132
24.9 3.9945 3.66 4.45 4.93E-11 0.207 0.207
24.9 5.4957 5.78 6.37 5.92E-11 0.276 0.277
24.9 7.0221 -~ -~ -- -- 0.344
24.9 8.4832 9.79 10.90 1.04E-10 0.407 0.407
24.9 10.0160 12.55 13.66 1.21E-10 0.470 0.471
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concentration (C0), final saturation concentration

(Cs), and calculated solubility 15 (Xcaic.) are al so
w@e@vioskses Tabl es 15a, 15b, 15c, and 15d proviPET/tisi0a6/037137

for G0, Cs, D, Xcalc, and Xnmeas at a tenperature of

10C, 25 C, 50C, and 750C, respectively. Table 15aTabl e

15d EXAMPLE 15 Sol ubility of trifluoromethane (HFC- 23)

| n | t hyl i mi dazol i um hexaf | uor ophosphate 10
&WH@Z% di ffusivity study was made at a
t e”’FS%hﬂhlifye off difor@detiafle @IHCYR2)Cipvebutyl{3rasthylienidazolium

range fromO to 20 bar where the solubilities (Xneas.)
ver d,h2adeiratuerpethangsyfonatéret ri ¢ ni crobal ance and t he

i ffusivi °
G oA R IR L S e 08 Bt o125 1 ovr
Congeetkiiat 66R) 0 tbi Toabars avhetreathi cmlubmlrtcee r(mn@ag) mrc{ ﬁaeasured
), and cal cul ated sol ub| lity 15 éXc ai c.

pr OVISBECh SrTeBledis mEsobalpise and e dHusITEIGS QP%WP%?‘@%%“ using a

for t o i
10C, Qgg %@sg%% g”%@%qe res %%(1:% \rl; gf gﬁTﬁglb&gfc%tgatﬁ ﬁ g, final
16b'Eabllr£i0316)0nd'emhia'aoﬂ 6d), EadExNREdE biubility (Xea) are also provi ded in

10  Table 21.

Table 21
T P Co ‘ Cs D Xcalc. Xmeas.

(°C) (bar) (mass%) | (mass%) (m*/sec) | (mol. fraction) | (mol. fraction)

25.0 0.0967 0.02 0.12 2.37E-11 0.007 0.007
25.0 0.9986 0.99 1.29 1.47E-11 0.075 0.072
25.0 2.4997 2.19 3.31 2.67E-11 0.174 0.171
25.0 3.9716 4.33 5.40 3.95E-11 0.260 0.261
25.0 5.4838 6.84 7.78 4.76E-11 0.342 0.342
25.0 6.9946 8.98 10.39 7.75E-11 0.416 0.416
25.0 8.4811 11.98 13.27 8.73E-11 0.485 0.485
25.0 9.9886 15.07 16.62 1.35E-10 0.551 0.550

15 EXAMPLE 21
Solubility of difluoromethane (HFC-32) in 1-dodecyl-3-methylimidazolium
1,1,2,2-tetrafluoroethanesulfonate
A solubility and diffusivity study was made at a temperature of 25 °C over a
pressure range from O to 10 bar where the solubilities (Xmess) Were measured
20  using a gravimetric microbalance and the diffusivities (D) were calculated using a
one-dimensional diffusion model analysis. The initial concentration (C,), final
saturation concentration (Cs), and calculated solubility (Xc. ) are also provided in

Table 22.
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Solubility of trifluoronethane (HFC 23) in

| -ethyl-3-nethylimdazolium 15 hexaf | uor ophosphate A
wa@odoalosdsssy and diffusivity study was nade at BCT/US2006/037137

tenperature of 60, and 75 OC over a pressure range

fromQ, 89,20 bar where the solubilities (Xmeas.) were

measured usi ng a gravi metrl c mcrobal ance and the

A o£ £ ol
e stwH-tes \LJ) —Wet (,al ctHated st a

pne-di mepsi onal di f f Usi on|nodel anjal ysi“¥?eThe ni t i Amess

o 20 BRACENthakinan |( BRiss?hi NatmYadel! Blm6n feRaceNt I @hdlofacti
o Cs() Qﬂanj(cal cu t% ssSoI)u uhlntv chgl c.) ar eﬁ); s(gﬁ action)

250 prowbeed| Tabloés 17a,0.86d 17b0HE-0vilde d&tG®5for 00, (8,006

25.0 , 08080 c|] andsXneas @psa teqpeE-aAture ofo.0AC, and 750074

250 [€5B€6h! Vel Y.c3Tabl e 478 10 Jpbke1 1/DEXAMHISE 17 0.178

250 pos@eyT1y gf UMM UOrgeT iaggr TG 32) old66 0.271
250§ SARyT P TRy T Rt D H L o1 0346 0.353

CETONRAR 31700 P IS 0 ALY -l T P Y
25.0 '0858% 75 H5Gver d40M00sq18-47EAhgle £y

250 wWhEr@alhe sB1.0bi | i ti18839 xnehds8-1fel e nda33dr ed Uisi ng9462

gravinmetric mcrobal ance and the diffusivities (D)
wer e cal cul ated usi ng a one-di nensi onal diffusion
nodel analysis. The initial concentration (C0), final
sat uiRiiPrEeacentration (Cs), and cal cul at ed

solubility 10 SXcal c.) r also provided.
5  Solubility of difluoromethane (HFC-32) in 1-heptyl-3-methylimidazolium

1,1,2,2-tetrafluoroethanesulfonate
A solubility and diffusivity study was made at a temperature of 25 °C over a
pressure range from 0 to 10 bar where the solubilities (Xmeas) Were measured
using a gravimetric microbalance and the diffusivities (D) were calculated using a
10  one-dimensional diffusion model analysis. The initial concentration (C,), final

saturation concentration (Cs), and calculated solubility (Xca.) are also provided in

Table 23.
Table 23
T P Co Cs D Xcalc. Xmeas.
(°O) (bar) (mass%) | (mass%) (m?/sec) | (mol. fraction) | (mol. fraction)
25.0 0.0988 0.01 0.11 3.86E-11 0.008 0.008
25.0 1.0023 0.47 1.25 3.87E-11 0.081 0.081
25.0 2.5100 2.18 3.30 4.35E-11 0.192 0.190
25.0 3.9884 4.39 5.44 5.84E-11 0.286 0.286
25.0 5.4973 7.25 7.82 6.41E-11 0.371 0.371
25.0 6.9871 9.99 10.43 9.01E-11 0.448 0.448
25.0 8.4785 12.28 13.40 1.30E-10 0.518 0.518
25.0 9.9795 15.45 16.83 1.56E-10 0.585 0.586
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Tabl es 18a, 18b, 18c, and 18d provide data for CO, Cs,
D, Xcaic, and Xneas at a tenperature of 10C, 25 C

wGapg3san 75C, respectively. 15 Tabl e 18a 20 RebU82006/037137

18bTabl e 18c 10 EXAMPLE 18 Sol ubility of

di fl gsrovmyliepe (HFC-32) in | -butyl-3-nethyl pyridini um

bi s(trifluoronethylsulfonyl)imde A solubility and

di ff Sglusbiility of udifiupranethare ofHEC+3@)rpiar dtbutyl-3fm@bglimidazelium
over t pressure range fromO to 10 bar where the

sol uBf‘T? ies (Xmeas.) were neasured using a

gr avi meA sbbilitg hAP alraREAyARe] &/txk}@s fhiafid Htsz& Vélﬂﬂeeﬁu&@f 25 °C over a
wer e cal cul ated usi ng a one-di nensi onal fusi on
nbdebresswae yengs, fidined |t<m|110| ker wlare diw s@hubdmeﬁ @Fncas. ¥ Wil measured
saturation concentrati Cs

2ol ubfihe A ABERR RtgBabc e, Uiraliviiey Gy pyjoutsted using o
20Tabh@dﬂ19enw&ﬁfuaansﬁbmlalnhltyms of T frlitikr PRBIIHAAEN (C,), final
(HFC-32) in I -ethyl-3-nmethylimdazolium

1, 1, satyprafigp pg;qeg@@tm(ﬁ,‘ahég% F3leiHated solubility (Xca.) are also provided in

Table 24.
10
Table 24
T P Co Cs D Xcalc. Xmeas.

°O) (bar) (mass%) | (mass%) | (m%sec) | (mol. fraction) | (mol. fraction)
25.1 0.0985 0.09 0.25 2.19E-11 0.010 0.010
25.0 0.9968 0.72 2.17 2.64E-11 0.078 0.077
25.0 2.4979 3.25 5.30 4.05E-11 0.176 0.174
25.0 4.0040 6.59 8.59 5.64E-11 0.264 0.258
25.0 5.4984 9.83 11.70 1.02E-10 0.335 0.333
25.0 6.9974 13.24 15.00 1.46E-10 0.402 0.397
24.9 8.5016 16.74 18.36 1.83E-10 0.462 0.456
25.0 10.0044 20.30 21.89 2.10E-10 0.516 0.511°

15  EXAMPLE 24

Solubility of difluoromethane (HFC-32) in 1-butyl-3—méthylimidazolium 2-
(1,2,2,2-tetraflnoroethoxy)-1,1,2,2-tetrafluoroethanesulfonate
A solubility and diffusivity study was made at a temperature of 25 °C over a
20  pressure range from O to 10 bar where the solubilities (Xiess) Were measured
using a gravimetric microbalance and the diffusivities (D) were calculated using a
one-dimensional diffusion model analysis. The initial concentration (C,), final
saturation concentration (Cs), and calculated solubility (X, ) are also provided in
Table 25.
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10 A solubility and diffusivity study was nade at a

tenperature of 25 C over

a pressure range fromO0O to 10

wharo7msssse the solubilities (Xnmeas.) were neasPCBUS2006/037137
using a gravinmetric mcrobal ance and the diffusivities

(D wapg pl cul ated using a one-di mensional diffusion
nodel analysis. The initial concentration (C0), final
saturation concentration (Cs) and cal cul ated
T sotuljtty—(Xcare)—ape—atsoprovi-ged—+g-15—Fable ZOX
Tabl ZOEMANSE’E 20 Sol~tibi I} typlgf dijfl uo t hane meas.
o) (|HF@at2) || (mhssot) Y| (s Y | (i¥1s8@Z 0! (1) fraction mol. fraction
¢S . 1.@,2. -tetﬁraf I/Sjor o(et hgﬁ)gsul fonat@e A _sol ubili t)v (nd )
25.0 di fG.08%itty &0udy |wad.Itade| 4t308-tlenper a.002 of |25 C 0.009
25.0 gqverogepriessuse rangg.Jor om @.298-110 |bar @bere the 0.092
25.0 Soluknda tii es2 pyMeas. 3 wer e Reaguried using; s 0213
25.0 dT aVhGRE T C ATygT Obar antgeang [hige; g TTushyigies (D) 377
25.0 IFTs 99@' ot “6'3'3’ “"' 'y e 1‘0‘4&“10" “"f" 0.411 ',;if" Ve Q411
25.0 T n:hcgg:@n 709[19\0 Jrcalﬁ' 3)6‘ af \4\9|Eu ‘I LI L 2y S0 gy ;N‘d‘f’ 1 ||u6493
250 doI§444 ty (%24 ¢ ‘2=4;q| S0 26E ded | 5ah Tabl e 210565
25.0 Ta%P@OQ& 15 1@?AI\/PU_E Ph0&o] uBi7BELYY of di -63dr ot hane).632
(HFC-32) in | -dodecyl -3-nethylimdazolium
1,1,2,2-tetrafl uoroet hanesul f onat e
5 EXAMPLE 25
Solubility of diflnoromethane (HFC-32) in 1-butyl-3-methylimidazolium 1, 1,
2, 3, 3, 3-hexafluoropropanesulfonate
A solubility and diffusivity study was made at a temperature of 25 °C over a
pressure range from O to 10 bar where the solubilities (Xiens) Were measured
10  using a gravimetric microbalance and the diffusivities (D) were calculated using a
one-dimensional diffusion model analysis. The initial concentration (C,), final
saturation concentration (Cs), and calculated solubility (Xcaic.) are also provided in
Table 26.
15 Table 26
T | Co Cs D Xcalc. Xmeas.
O (bar) (mass%) | (mass%) | (m%/sec) | (mol. fraction) | (mol. fraction)
25.0 0.0945 0.02 0.11 3.33E-11 0.010 0.010
25.0 0.9999 0.56 1.25 3.17E-11 0.106 0.104
25.0 2.4976 2.29 3.29 3.90E-11 0.242 0.241
25.0 3.9945 4.34 5.40 6.98E-11 0.349 0.347
25.0 5.4949 6.56 7.79 6.98E-11 0.443 0.443
25.0 6.9975 9.29 10.45 1.11E-10 0.523 0.523
25.0 8.4943 12.16 13.60 1.04E-10 0.597 0.599
25.0 10.0042 15.98 17.43 1.67E-10 0.665 0.664

111




A solubility and diffusivity study was nade at a
tenperature of 25 C over a pressure range fromO to 10

whar7mss3sx the solubilities (Xneas.) were neasPCEUSD06/037137

using a gravinmetric mcrobal ance and the diffusivities

(D wxsvmElEwabated using a one-dinmensional diffusion

nodel analysis. The initial concentration (C0), final

sat urSgluhilityc of c dituosemethapes (HF&nR) c &t clrbutydd-methylimidazolium

sol u are also provided in Table
22.T3@#h§%3ﬁ%§gﬁﬁDLé 22 SO|UbIFIty of difl uoronet hane
(HFC- 32\ sio[ubhhtP%ﬁﬂ i ffigsi VBt Siydy Waslaza@k iat! Mtem erature of 25 °C over a
1,1,2,2-tetrafl uoroet hanesul fonate A solubility and
dpf f m@swrwa@gmﬁymﬁéo nddBarawheret ihapsetuilitics (Xﬁmaz)s were measured
g\éﬁLb { I%ﬁ%{]@tr{cﬁﬂg?ob&éa?lg% %ne&a §1uerlcp g%?a}glltl\ég@ were Galculated using a
gr avioneidithensignal dtfﬁisﬂmcmoéﬂcbﬂalyelsdl Thei sdivalt ddsedtition (C,), final
were cal cul ated usi ng one-di mensi onal _di ffusion
rmdelsa%}F?&PwP%%anhféon (ﬂs}auaafi calgplatsdtsolibiliy (Xe@e) areralspaprovided in
sat urgfje@y concentration (Cs), and cal cul ated
solubility (Xcaic.) are also provided in Table 23.
Tabl e 23EXAMPLE 23 Sol ubility of difl uoronethane

HF | -butyl -3-nmet hylimdazolium acetate A
gol u&%‘lﬂ‘iéyand di %/f usivity study was nade at a
tenperature of 25 0C over a

T P Co Cs D Xcalc. Xmeas.
(°C) (bar) (mass%) | (mass%) (m?/sec) | (mol. fraction) | (mol. fraction)
25.0 0.0993 0.12 0.24 2.08E-11 0.012 0.012
25.0 1.0010 0.53 1.48 2.67E-11 0.068 0.068
25.0 2.4982 2.15 3.65 3.04E-11 0.154 0.155
25.0 3.9954 441 5.87 4.15E-11 0.231 0.232
25.1 5.5009 6.87 8.16 5.23E-11 0.299 0.302
25.0 6.9953 9.24 10.77 6.24E-11 0.367 0.369
25.0 8.5005 11.97 13.33 9.89E-11 0.425 0.427
25.0 10.0059 14.75 16.32 1.20E-10 0.484 0.482

15 EXAMPLE 27
Solubility of difluoromethane (HFC-32) in 1-butyl-3-methylimidazolium
thiocyanate
A solubility and diffusivity study was made at a temperature of 25 °C over a
pressure range from O to 10 bar where the solubilities (Xieas) Were measured
20  using a gravimetric microbalance and the diffusivities (D) were calculated using a
one-dimensional diffusion model analysis. The initial concentration (C,), final

saturation concentration (Cy), and calculated solubility (Xcaic) are also provided in
Table 28.
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pressure range fromO to 10 bar where the solubilities
(Xmeas.) were neasured using a gravinetric
wore@rosssbance and the diffusivities (D) were cetTubmbea7137

usi ng a one-di nensi onal

i ni tiBdbled®centration (Q0),

concentration (C),

di ffusi on nodel
saturation _
and cal cul ated solubility (Xcaic.)

final

anal ysi s.

The

are also provided in Table 24. 10 Table 24 15 EXAVPLE

Z

A Sop Ub

tTy~of

ifil{ﬁ)ro

FC- 3?)2 .y

T . ometTage—(t , X
| + but'yl - 3t met Y1 i ni dazdl i um 2- cale: meas.
CO (|, Zb@x)2- | gtumad%odidr aRAIOKY ) - (mY/sed) 2- (ARSI Hfaktion)0 Pt (AR Efraction)
ul-fonate solubillity and diffusivifty study was| made
25.0 at @O0PdhperaPfPe qf ZBLEC ovet-08E-20 |pres§004 ranpe fr 0604
250 0/t b0 bar GMére |t hel.Ebl ubid.5TH-¢ |[( Xnead4) wer g 0.041
25.0 npa26038 Lsi bgoa dravi.getricl.odEiobal anggoand the (099
25.0 d) f8.0959i[1es.6bD) |wergegal ¢ul pidoUsingodsy; | 0.156
25.0 opesdygeEnsional diftusion oaelangrysrs. _ Trme ThrtT %‘212
PRI R A S SN i 12 71 AN 11 D A P
25.0 o} SATT 908 e TTOr INSTTO P o 8338 5o i 110920
250 ok 99919 00 0ildeihade 3o, 2p12.93E-10 0.373 0.373
| -butyl -3-nethylimdazolium1, 1,
5 EXAMPLE 28
Solubility of diftuoromethane (HFC-32) in 1-butyl-3-methylimidazolium 1, 1,
2-trifluoro-2-(perfluoroethoxy)ethanesulfonate
A solubility and diffusivity study was made at a temperature of 25 °C over a
pressure range from O to 10 bar where the solubilities (Xpess) Were measured
10  using a gravimetric microbalance and the diffusivities (D) were calculated using a
one-dimensional diffusion model analysis. The initial concentration (Co), final
saturation concentration (Cs), and calculated solubility (Xeq.) are also provided in
Table 29.
15  Table 29
T P Co Cs D Xcalc. Xmeas.
(°O) (bar) (mass%) | (mass%) | (m*sec) (mol. fraction) | (mol. fraction)
25.0 0.0951 0.02 0.12 4.46E-11 0.010 0.010
25.0 1.0007 0.58 1.35 5.27E-11 0.103 0.102
25.0 2.4964 2.43 3.56 6.70E-11 0.236 0.236
25.0 3.9947 4.81 5.94 9.64E-11 0.346 0.346
25.0 5.4938 7.52 8.62 1.20E-10 0.442 0.442
25.0 6.9941 10.49 11.65 1.49E-10 0.525 0.525
25.0 8.4946 13.93 15.15 1.78E-10 0.600 0.599
25.0 9.9937 18.00 19.36 2.06E-10 0.668 0.668
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2, 3, 3, 3-hexafl uoropropanesul fonate A solubility and
diffusivity study was nade at a tenperature of 25 0C

W@@r/0383pF essure range fromO to 10 bar where PEEBUS2006/037137

solubilities (Xmeas.) were nmeasured 10 using a
gr avimeAMPpg E2er obal ance and the diffusivities (D)
were cal cul ated using a one-di nensional diffusion

node Sokbility of diflyoremeth ane(HEGI2R in 1-duityr3-methylimidazelium 1, 1,

t ' ' cul at ed
S R paneRbG Ao T BRI 200 o
Tabl e 28 ESWRItE a2 dBalsibiyl dtidy Whs Bhiafit BOL QIBIRERR of 25 °C over a

(HFC-32) in | -butyl-3-nethylimdazolium net h&lma
stl f Breaswe Aangsl o) 9 ity 14nbArdvhera she isekibiitige Xwas) Watkemeasured

at a.t: . . . 1 . fr .

o, SoRERAE bR Te oy B DR AATHLE (05 SRR win
meas une}dimmisfmga]adi@fuai‘bhrrﬁt)c:lél (ﬁnﬁiyeigo bEheafitigal ajvdcédt@tion (C,), final
diffusivities (D were cal cul ated usjng. a . .
one- SHBHER GARAENEREGNSisk AT %i@‘ﬂlaf&ﬁapvbﬁgy (ftwe) frgialsogrovided in
concgypeapi on (CO), final saturation concentration (C

), and calculated solubility (Xcaic.) are al so

po ovi ded in Table 27. 10 Table 27 15 EXAVMPLE 27

Table 30

T P Co Cs D Xcalc. Xmeas.
°O (bar) (mass%) | (mass%) | (m*sec) | (mol. fraction) (mol. fraction)
25.0 0.0947 0.02 0.13 4.26E-11 0.010 0.010
25.0 1.0031 0.57 1.42 4.51E-11 0.097 0.096
25.0 2.5033 2.40 3.71 5.83E-11 0.222 0.222
25.0 3.9958 4.92 6.28 7.11E-11 0.332 0.332
25.0 5.4999 7.79 9.04 9.96E-11 | 0.425 0.424
25.0 6.9966 10.71 12.12 1.23E-10 0.506 0.506
25.0 8.4947 14.21 15.63 1.59E-10 0.579 0.578
25.0 9.9919 18.20 19.62 2.51E-10 0.644 0.644

15 EXAMPLE 30

SAolubility of 1,1,1,2-tetrafluoroethane (HFC-134a) in 1-butyl-3-
methylimidazolium 1,1,2-trifluoro-2-(trifluoromethoxy)ethanesulfonate
A solubility and diffusivity study was made at a temperature of 10, 25, 50,

20 and 75 °C over a pressure range from 0 to 10 bar where the solubilities (Xmeas.)

were measured using a gravimetric microbalance and the diffusivities (D) were

calculated using a one-dimensional diffusion model analysis. The initial

concentration (C,), final saturation concentration (Cs), and calculated solubility

(Xcare.) are also provided.

25
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Sol ubility of difluoronethane (HFC 32)

| - butyl

in

-3-nethyli m dazoliumthiocyanate A solubility

w@ee7dsg36asi vity study was nade at a tenperat uP€T/U$2086037137
C over a pressure range fromO to 10 bar where the

SOl Ubl li tTﬁﬁGS(m% )18%@.&1& lﬁégm&dd'a?@fdnﬁon@s,@ Xca]c: and Xmeas
gravinmetric mcrobal ance and the diffusivities

wer eat@dpmnerateou) Ry 23 "6t S Archsl En&iSPeRtvFlYsi on

nodel

anal ysi s.

The initial
saturation concentration (C),

concentration (C0),
and cal cul at ed

(D)

final

sol uphhlet3ya( Xcaic.) are also provided in Table 28.
25Tabl e 28 EXAMPLE 28 Sol ubility of difluoromethane
§-|FC-32) in I-butyl 3- mathyllmdazolluml 1,

n

t

1"O-

f roet

nox

nes Tonat e

ug F(pEe Ty A
T dol EEJI litly aﬁd\gl FfusiVity st uge was medE at a Kimeas.
(CC) tlengrirpt Ur @&k %S| CueeYo) a [0 en)r ¢ (mmbdeadtionin |0 (mol. fitaction)
whera the solubilitie Xneas. ) were peasured—10-
10.0 LSiOﬂHEé, ral-®etric Ri6ér o SHAEd lahd ¢ HROZH £ £ udi viti 026
10.0 (|D)0.56Re [cal®l at ed 399ng lal@AB-Idi mensiGh¥t di fif usi dhtl7
10.0 nodedo2andl ys4.63 The 7misti al 1o8RekENt r at i ®223 C0) ,| fi ndl.225
10.0 gatius@ki dqn cogrentratian (|Cg)ieEard|cal oz ed 0.326
0.9 JOIIRILITY (%631 C|) B85 al 58.8EOMI ed 1@4Fable |29, Thin4
100 |20 5048 PANFISE 2950 11 | 5.31E-11 0.518 0.514
10.0 2.9946 23.87 30.15 5.28E-11 0.620 0.628
10.0 3.5047 36.32 44 .43 7.71E-11 0.752"' 0.745
Table 31b

T P Co Cs Deff. Xcalc. Xmeas.
O (bar) (mass%) | (mass%) (m*/sec) | (mol. fraction) | (mol. fraction)
24.9 0.1018 1.51 0.35 1.19E-11 0.013 0.017
24.9 0.5032 0.77 2.07 2.17E-11 0.074 0.075
25.1 1.0024 2.52 4.22 2.60E-11 0.143 0.143
24.8 1.5015 4,77 6.52 3.00E-11 0.209 0.208
25.0 2.0032 7.17 9.00 3.27E-11 0.272 0.271
25.0 2.5035 9.59 11.56 | 4.43E-11 0.331 0.331
249 3.0013 12.31 14.44 5.05E-11 0.390 0.389
248 3.5010 | 15.87 17.69 4 50E-11 0.449 0.450
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Sol ubility of difluoronethane (HFC 32)
-3-nmethylimdazoliuml1, 1,
wWQ@2aorio8436r 0- 2- (tri f | uor onet hoxy) et hanesul f onaP@r/BS2006/037137

| - butyl

in

solubility and diffusivity study was made at a
tenperature of 25 C over a pressure range fromO to 10
bar Taided81¢ he sol ubilities (Xneas.) were neasured

using a gravinetric mcrobal ance and the diffusivities

D) were cal culated using a one-di nensional diffusion

T nodep anal ysCs. The i@jti I qogﬁcentrat i X3.(C0) | fi Naimes.

saturation coné:entratl on and| cal cul at ed .
(°C)  gol BB it y(magEH)C| X“‘&F Oél sémd_ﬁ?f\)l j &gol- gragtigp), | 3ok fraction)
500 | 2pipas e o oRAMPEE g8 s SotubikEty TG 000 _,_ 0.009
50.0 5 DaEL b oy e et e e RS AT 030" Y S 0,030
50.0 52110023 | fior d-3L (1 }if Biddr aneb A8 et 1 i afei® f onat e 40-076
50.0 gollf9RLity &d diffudildity 6868y Iwas mdbllat a 0.111
50.0 tegmopat ure 3df0 10, 2852850,| @64Bsd V5 COMSr a press@rlds
50.0 fMange3grom @470 1D bagiwher e97R4 1sol ubid.i?® es (Xnea$.)79
50.0 WergoREa3ur R1UST Ng g sgr avii mekpig M crghaliance |and ftoha 1
50.0 Q1 BIFREVITT 85 D[ WergsCaliChlgEad USing By 0,243

UIIC'TJITH:IID—I utTal 9] I I usT OIT 1moue dlldl Ybl S |ne anI aT

concentration (C0), final saturation concentration

(£s), and calculated solubility (Xcaic.) are also

provi ded.

Table 31d
T P Co Cs Deff. Xcalc. Xmeas.

O (bar) (mass%) | (mass%) (m*/sec) | (mol. fraction) | (mol. fraction)
75.0 0.1031 0.06 0.13 1.04E-10 0.005 0.005
74.9 0.5054 0.31 0.62 1.18E-10 0.023 0.023
74.9 1.0049 0.85 1.23 1.22E-10 0.045 0.045
74.9 1.5029 1.49 1.85 1.21E-10 0.067 0.067
74.9 2.0041 2.10 2.46 1.25E-10 0.087 0.087
74.9 2.5042 2.71 3.08 1.26E-10 0.107 0.108
74.9 3.0024 3.33 3.72 1.38E-10 0.128 0.128
74.9 3.5039 4.19 436 | 1.09E-10 0.147 0.147

10

EXAMPLE 31

Solubility of 1,1,1,2-tetrafluoroethane (HFC-134a) in 1-butyl-3-

methylimidazolium 1,1,2-trifluoro-2-(perfluoroethoxy)ethanesulfonate -

15

A solubility and diffusivity study was made at a temperature of 10, 25, 50,

and 75 °C over a pressure range from 0 to 10 bar where the solubilities (Xmeas.)

were measured using a gravimetric microbalance and the diffusivities (D) were

calculated using a one-dimensional diffusion model analysis. The initial
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25Tabl es 18a, 18b, 18c, and 18d provide data for CO C

D, Xca]C, and Xneas at a tenperature of 100C, 25 0C5
wW®G;7/038368 75C, respectively. Table 3laTabl e 31pCTEHE1086/037137

31d 10 EXAMPLE 31 Sol ubility of

1, 1, 1, oriceiittafon(0r)p GihhlastirittdnGobdh@atibm () bl atcatated solubility

nmet hyl i m dazol i um .

|, 1, 2- Cdut.) 48RO PIYR&IF | uor oet hoxy) et hanesul fonate 15

A solubilit [ IV : a

t enper at ur etf%@&%f,y’ %y’s%é Mgn%td%gvéwgéaé[?ﬁ%%’f gé’??fr}é”‘“ and Xineas

range fraeiPetaturd Of DEAC, IO S04 aB8® 754T, rédpkeidve(y<meas. )

were measured using a gravimetric mcrobal ance and the

diftusivities (D) were calculated using a

one- di maprixgaal di ffusi on nodel anal ysis. The

initialconcentration (C0), final saturation
concentraton—{Cs)—and-cal-cul ated—sobubi-ti-ty ( Xcal-e)

Ca1C

T alsoProyi de&o Tabl esCs2a, | 32B¢it 32¢, ande82d priovi deXmess.
orflatia Ca, ° Iseo7yan S A &S at L fracti
CChe (18 o 8@9%@0&@3&? SC?HWeIE%e(:?}nveI@.%I o Lhol. fraction)

10.82aTahi2432b Tabé e 32c 0IGEXAVBIBE3R $ol ubh.b2gy of 0.028

10.0L, 1, Ip %b3iget|r af{ gpr o¢t hamy (HFE:1584m) |1 n To.ethyl - 3- 0.132
10.0 1.0043 4.05 7.26 1.71E-11 0.251 0.253
9.9 1.5033 8.17 11.65 | 2.53E-11 0.361 0.362
10.0 2.0022 12.78 16.90 | 3.67B-11 0.465 0.464
10.0 2.5024 18.33 2330 | 5.37B-11 0.565 0.566
10.0 3.0041 | 25.90 3236 | 7.06E-11 0.672 0.670

9.9 3.5039 38.42 4748 | 6.49E-11 0.794 0.796
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met hyl i m dazol i um bi s(pent af | uor oet hyl su fonyl )i mde A
solubility and diffusivity study was nade at a

wo eovpessssur e of 10, 25, 50,

and 75 0C over

a pPEBEHI0e6/037137

range fromO to 10 bar where the solubilities (Xneas.)
ed using a gravinetric m crobal ance and the

di f TEANGRED

es (D) were calculated using a

one-di nensional diffusion nodel analysis. The initial
T ¢oncentratio@,(Q0), fCnal |sathygati pn ca¥igentrati on Xmeas.
Cs) and|cal cul ated s il ty 1 Xca al.s .
O probirgked.| MA@ ps glas%g nj(%h%ff)}c&\??‘ " {gipl, fraction)
249 101026 £ 0% AT Coged 'VMSESnaJ pratyre 0ho1g
24.9 qyﬂg $ac Okoaple 38% 0 | kPl “{,y'go’é’ © o9 0.084
249 1 10018 ot 2% Aok oebHaAne | MEOETA45y i -1%ue vl 3. 0162
249 fetl@Bmi|daZe¥d un] 1. 6.79, 3.1338&R4 {ior ofk2¥anesul f and?35
249 A 2d103Bi l|i t y7.3nd di f P28i vilt §.14Eddy| was at la 0303
249 tlemposgt ure g2 10; 26,.9%50,| 499BAd Y5 0Q@.36kr a 0.366
249 Preswane [rangg3frpmy¢p 10shap-mhere tdgp%sol uiliticews
249 (RAERNo) [Weh g geasur gl ¢iSiing ogpgray! netg 4ey 0.490
rmcrobatance andthe ditfusivities (D) wWere cal cut ated
usi ng a one-di nensi onal diffusion nodel analysis. The
initial
5 = Table 32¢
T P Co Cs Deff. Xcalc. Xmeas.
(°C) (bar) (mass%) | (mass%) (m?*/sec) | (mol. fraction) | (mol. fraction)
50.0 0.1036 0.20 0.26 8.37E-11 0.011 0.011
50.0 0.5032 0.47 1.10 5.99E-11 0.045 0.045
50.0 1.0023 1.52 2.20 5.66E-11 0.088 0.087
50.0 1.5021 2.55 3.32 6.59E-11 0.128 0.128
50.0 2.0025 3.69 4.47 6.87E-11 0.167 0.167
50.0 2.5035 4.90 5.66 7.37E-11 0.204 0.204
50.0 3.0042 6.08 6.87 8.56E-11 0.240 0.240
50.0 3.5035 7.49 8.10 8.02E-11 0.274 0.274
Table 32d
T P Co Cs Deff. Xcalc. Xmeas.
°O) (bar) (mass%) | (mass%) (m*/sec) | (mol. fraction) | (mol. fraction)
74.9 0.1051 0.11 0.15 1.09E-10 0.006 0.006
74.9 0.5052 0.34 0.65 1.19E-10 0.027 0.027
74.9 1.0054 0.92 1.29 1.22E-10 0.053 0.053
75.0 1.5046 1.90 1.93 1.93E-09 0.078 0.078
74.7 2.0056 2.25 2.59 1.05E-10 0.102 0.102
74.9 2.5053 2.88 3.22 1.50E-10 0.124 0.125
74.9 3.0041 3.56 3.90 1.30E-10 0.148 0.148
74.9 3.5051 4.34 4.56 1.42E-10 0.170 0.170

10

118




wEe@vioskseds Tabl es 34a,

10

final saturation concentration

and cal cul ated solubility (Xcaic.) r also

34b, 34c, and 34d provi deCHHESZ06/037137
for GO, @, D, Xca]C, and Xn at a tenperature of 100C,
35 0 3yand 75C, respectively. Table 34a 10 Table

3405 EXAMPLE 34 Sol ubility of

fubélatﬁrcogﬁt& f‘lehtg%y ﬁBnt}%Qg E%g'gl%cl L342)) ih D-ethyl-3-

Iméthﬂimrdafzblimqna(pémﬂhbumtmﬁslhmmy))lmidban esul f onat e 10
A sol ubi i t}/ and diffusivi ty st udg was made at
1

t enper atQi¥Elipranggliffosivitygud Gyes ps @tcﬂﬁémpﬁraﬁ%ggh@ @5 50
o198 o£1 98 %&&&&ﬁg& FORES & {d“t?ar%ﬁleﬁpﬁlg {ﬂ'uﬁﬁm%&(

nmeasure ravinetric mcro ance a

ehrd tiehstirdd wnd Dgra\vﬁﬁ@nﬁ alievbaltad amaitlﬁtgd@fuswmes (D) were
one- di mensi onal diffusion nodel analysis. The initial

calsulatrdrginegrrrecmnensippal diffisiqmy meded ﬁn@ﬁﬁéeﬁh‘? WiHdn (C
bon@ftaGH €l hEF R Sati) pdeluletion 69, fnd oot Sfhubiity

f(Bkac POLe aldo, prbyid¥dai c, and Xnmeas at a t enperature of
10C e t|v . T 35a Tabl e
03 (/aSab]B eXcak:p and%Pmeas

35¢ 15%21?‘?? é§g§”§b%%£’3"s&§‘sf Gala'61 ¢

at a temperature of 10°C, 25 °C, 50°C, and 75°C, respectively.

concentration (C0),
(Cs),

Table 33a

15

T P Co Cs Deff. Xcalc. Xmeas.
(°O) (bar) (mass%) | (mass%) | (m*/sec) | (mol. fraction) | (mol. fraction)
10.0 0.1031 0.09 0.61 1.92E-11 | 0.029 0.024
10.0 0.5039 1.21 2.51 4.25E-07 0.110 0.120
10.0 1.0027 4.05 6.65 2.95E-11 0.255 0.239
10.0 1.5024 774 10.72 3.68E-11 0.366 0.354
10.0 2.0011 12.01 15.61 4.88E-11 0.471 0.464
10.0 2.5009 17.79 21.74 6.58E-11 0.572 0.569
10.0 3.0043 24.67 30.25 8.67E-11 0.676 0.668
10.0 3.5049 37.47 44 30 6.14E-11 0.793 0.793

Table 33b

T P Co Cs Deff. Xcalc. Xmeas.
(°O) (bar) (mass%) | (mass%) (mzlsec) (mol. fraction) | (mol. fraction)
24.9 0.1054 0.21 0.42 2.60E-11 0.020 0.019
24.9 0.5052 0.82 1.92 3.76E-11 0.086 0.086
24.9 1.0046 2.55 3.90 4.22E-11 0.163 0.163
249 1.5040Q 4.69 6.02 4.77E-11 0.236 0.235
24.9 2.0037 6.73 8.29 5.70E-11 0.303 0.304
249 2.5031 9.15 10.79 6.65E-11 0.368 0.368
249 3.0043 11.73 13.53 7.90E-11 0.430 0.429
24.9 3.5054 15.15 16.56 7.29E-11 0.489 0.488
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Solubility of 1,1,1,2-tetrafl uoroethane (HFC 134a) in
tributyl (tetradecyl)phosphoniuml,|

WG 2003/033@ hexaf | uor opr opanesul f onate A sol ubi | PEUS2VA6/037137
diffusivity study was nmade at a tenperature of 10, 25,
50, 0 and 75 OC over a pressure range fromO to 10 bar
where the solubilities (Xnmeas.) were neasured using a
graviamesBe m crobal ance and the diffusivities (D)
wer e cal cul ated usi ng a one-di nensi onal diffusion
nodel analysis. The initial concentration (Q0), final

T $atupatign cepcent ratdjson (C )])effand cal cXil,at ed X meas.
sol ubility (Xcal c r al sd pvided. 5 Tables 3

(°C) 364bagsc, (amfs‘zf@d &m@ss“@}e dbmElsecdr | ol éractlgnb gr’pel fraction)

oY =

OV 1IN S A E A AT S S ST 10

Al
50.0 :moqs@éodpwm.m of-00pe ﬁ-zzm@%nceo:qﬁnm < 0.046
Q

500 $hdwa94Bn [Fi A% 18, 498 pr&&ﬁ'aﬁéilhai' 5008 Tocile: 570.089
50.0 M drseBal ance?.@orm bneft0d Can?67Butli hg t &-Bitbyangy  0.130
50.0 CabkaoBatijon 3146 Wher e4®4mi Xt 8BA4EA pat er(. B8 i s st at ed.168
50.0 Or 2Ckegarilbeds fierein aggoconpgiggEng, | i nclauzivng, 0.205
50.0 GORI@3AI g, 1gvi Ny, Babng [congpsied| of aya4yel ng 0.241
50.0 1935040 %" 6.98 7.32 8.24E-11 0.275 0.276
5 Table 33d
T P Co Cs Deff. Xcalc. Xmeas.
°O) (bar) (mass%) | (mass%) (m%/sec) | (mol. fraction) | (mol. fraction)
74.9 0.1044 0.10 0.13 1.30E-10 0.006 0.006
74.9 0.5057 0.37 0.58 1.36E-10 0.027 0.027
74.9 1.0042 0.87 1.16 1.35E-10 0.053 0.053
74.9 1.5043 1.48 1.73 1.32E-10 0.078 0.078
74.9 2.0041 2.01 2.30 1.49E-10 0.102 0.102
74.9 2.4957 2.60 2.88 1.42E-10 0.125 0.125
74.9 3.0049 3.22 3.47 1.69E-10 0.148 0.147
74.9 3.5027 3.89 4.06 1.17E-10 0.169 0.169
EXAMPLE 33
10

Solubility of 1,1,1,2-tetrafluoroethane (HFC-134a) in 1-butyl-3-

methylimidazolium 1,1,2,3,3-hexafluoropropanesulfonate

A solubility and diffusivity study was made at a temperature of 10, 25, 50,
15 and 75 °C over a pressure range from 0 to 10 bar where the solubilities (Xmeas.)
were measured using a gravimetric microbalance and the diffusivities (D) were
calculated using a one-dimensional diffusion model analysis. The initial
concentration (C,), final saturation concentration (Cs), and calculated solubility

(Xcate.) are also provided.
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by certain conponents or constituents,

under st ood,

conponents or

unl ess the statenent or
wexh7ioss3sd y provides to the contrary,
constituents in addition to those

it is to be

description
t hat onePCT/URINE037137

expl i ci trhyles bad, 8db FucIRRCI4dREviaB Matl o e %:@rm ch]g hﬁd X rmeas

m xture or

mat eri al .

In an alternative enb

odi nmen

howes tempetatiere of X096, 856F, FRI@mrndl75 Playrespecisvedy.ed or

ComBblichs

conponents or

or

constit

uents,

as consisting essentially of certain
i n which enbodi nment
constituents that would substantially

alter the principle operatjion aor the distinguishing
Tharjact & i st cs the nxturk oPemat eri al Xane not Ximeas.
o esle erle a t2er odi .
(ﬁm m g(lf uljﬂ r(l%rz}sast e)r Mﬁgg‘sbea(lé‘? gstec 0 %]eé'rb tf%’ge a@ml’ fraction)
103PNS|i SG.09us Of cepbal N CQEIONENTSHo 1 LANSTI hYERTS, N 0015
9ni ¢ @W Jreng ¢ OMPONeTsS Of gChiiEsij 1 “em§0§§”er mamn 9.082
10.0'9°° ]bl‘)@bl‘f” Dl 8>l ”"5“’6a.re '1U1‘ F‘c'“ Qq’ﬂ)j' el 0172
W; :Ir‘l ] Iz‘(‘a@\\, :‘Jl_g.g%"t}:: $pvdl \LA \ih,_; ' :I\zt L‘;l T |u|\.,| T L2 0‘264

99t atlenk®0r | de283i pili ok2BE ¢ erjce of- 3&8 0.350
10&@0&24\?5%r cdAsti t Jenl&% a r%t%ﬁul]e or nB#é¥ial in 0447
10thhi s| i 0@k i jon,19610 t he P4.88encd.&fE-Bl st ep 04548 process 0.550
10af tlhi%®493Went i292 it i 36.8D be 7ursterstlood, 016n5 ess ft he 0.677

statenment or description expl
contrar Yapiddp t he use of such indefinite article does

Icitly provides to the

not limt the presence of the corrponent or constituent

TN the pXtufe QF nmagerig , Of pr senc:g(caortne

step in the jprocéss, |to ohe ih nu%er. The Wbt ds Xaneas.
(°C) nc|l u@wir) "j Gohssdes' | @meoss¥d)nC | (ufiseg)’ |véneol. fraetibm)elr €imol. fraction)

areito—-beread-and IthLthfQ as—if
24.9 0.1007 -0.02 06 | TOIE-11 0.009 0.011
24.9 0.5000 0.50 1.75 2.46E-11 0.061 0.055
24.9 1.0002 1.80 3.22 1.51E-10 0.108 0.109
24.9 1.4995 3.60 5.07 1.50E-11 0.162 0.163
24.9 1.9931 5.36 7.12 1.78E-11 0.218 0.220
25.0 2.5041 7.52 9.10 2.66E-11 0.267 0.269
24.9 3.0042 9.65 11.44 2.46E-11 0.319 0.322
24.9 3.5020 12.23 13.92 3.10E-11 0.370 0.374
10  Table 34¢c

T 4 Co Cs Deff. Xcalc. Xmeas.
(°C) (bar) (mass%) | (mass%) | (m?/sec) | (mol fraction) | (mol. fraction)
50.0 0.1007 0.01 0.16 3.94E-11 0.006 0.006
50.0 0.5006 0.28 0.81 3.51E-11 0.029 0.029
50.0 0.9997 1.11 1.69 2.84E-11 0.059 0.059
50.0 1.4987 1.93 2.58 3.30E-11 0.088 0.088
50.0 1.9941 2.87 3.53 2.73E-11 0.117 0.118
50.0 2.5040 3.73 4.42 4.20E-11 0.144 0.145
50.0 2.9997 4.65 5.37 4.79E-11 0.171 0.172
50.0 3.5040 5.64 6.32 4.79E-11 0.197 0.198
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they were followed by the phrase "without limtation"
if in fact that is not the case. CLAIM5S What is clai ned

WO 2007/038368 process for separating one or nore cCRPOPUSE®NG/E37137
froma multiconmponent mixture, wherein the m xture
conprises an azeotropic or close-boiling mxture, and
wherein the m xture conprises a hydrofl uorocarbon
conmpound and one or nore nenbers of the group

H + 3 + 1 (] | [ I
ClOTIST U T 11 Ul a) Taltod1c] Iyu 1 TU0rotdad O COITPUUTI
T & a ¥ 1 uof ocarbon |compbund| ¢ *% ndn-f| %T“i'nated Kimeas

b
cC) hydypsar bpmasiospt egndss®ay | hen'weeyn @avlsiratiioy) Pf(nfel. fraction)

to C4 strpight-chain, branched or dyclic al kanes and
749 d1 6.6098% stradght {chdl.H) brax@dtedl dr cyBi003 al kenes; 0.004
74.9 d) @B0imert ¢as sel edr4d frA6aBe0 gr oup0O@6Si st) ng 00.018
749 N2,1.6809 A2, 069 NH3, 1.6y ahd.ésB-1mrd €)owaser; and 0.036
74.9 WNeT 6hdp The PRoCess Cospri sepssyonf acting okhe m Ktur ey gs3
749 M UATORREE. DT WRHE 1[0 Lo T s i Wit Thp g COMPOTIETY 70
74.9 1o 289900l o0 edB ¢ drpdigne —pro B bl e BO8G 0 [ T0.087
749 ¢ pg,; %9 n fizrzol over < ubi I& JE::]-L\ pon "flo‘grnm he 0.104

m Xt ure.

5 EXAMPLE 34

Solubility of 1,1,1,2-tetrafluoroethane (HFC-134a) in tetradecyl(trihexyl)

phosphonium 1,1,2-triflnoro-2-(perfluoroethoxy) ethanesulfonate

10 A solubility and diffusivity study was made at a temperature of 10, 25, 50,
and 75 °C over a pressure range from 0 to 10 bar where the solubilities (Xmeas.)
were measured using a gravimetric microbalance and the diffusivities (D) were
calculated using a one-dimensional diffusion model analysis. The initial
concentration (C,), final saturation concentration (C;), and calculated solubility

15 (Xca) are also provided.

Tables 35a, 35b, 35c, and 35d provide data for C,, Cs, D, Xcate, and Ximeas
at a temperature of 10°C, 25 °C, 50°C, and 75°C, respectively.
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2. The process of Claim1 wherein a hydrofl uorocarbon
conpound is selected fromthe group consisting of a
PCT/US2006/037137

WOHEG7 08360 | uor ocar bon conpound,

hydr ochl or of | uor ocar bon conpound,
a hydrof | uor oket one conpound,
hydr of | uor par omati ¢ conpound,

co

co

npound,

npodiigle

a

a

a hydrof | uor oet her

and a hydrofl uorool efin
Ha The process of Claim1l wherein a

hydr of | uor ocar bon conpound is selected fromthe group

consisting of trifluoronethane (HEG 23)
T diffl ud? onet ha® (HEC 38, pent Bekuoroet hXage. (HFG 125)Xmeas.
°O) % % ib%) t teF klg@%s%fzg ! hags( HQE‘G x 4) (lll‘fllt:ri‘-:tmn) (mol. Fraction)
10.0 tr)i To.09930€ef hapgo (HrC 1A3a) , 31651;@11 uorogphgne 0.038
0.7 (HFCy 384a) | Th BpToethargy (HFG 04808 | —  0.190 0.190
9.9 :”':}i T Rt e e L o TP Y —oaas L 0338
9.8 014 \ hJU;Zr Iygnh”fg\ﬁsgunéﬂy&?'ﬁ'] vl _nof: sﬁnll{l[n ut \/I04'52
0.1 o ot lhol 994%(, 3101400xy- 13721 | 5.63E-4l 4 5 0.549 ~0.551
98 5 269% doddds® uor 01230ri | IlFetethyl hegahe. 4| The0.634
9.7 prlock8¥0f| Al&I7 1 |wh24.62n a 1fA3et®gar bod 7¢dnpound i s0.718
9.6 sel exgy frometdse grospgonsiostaBag of a 0.800 0.799

FC-fl uorocarbon conpound, a chl oroflTuorocarbon

cogpoyniglje g5 | uor oet her conpound,

a

fl uor oket one

conmpound, a fluoroaromati ¢ conpound, and a
TTjuor gol efj ognd e P OCEJS O ar i

T mhere?ﬁ a fluggggaxbon conpbun s <e|ec§&% fromthe Kumeas.

(°C) gr ou(ban)n3| $inissdopf| @ash¥Or pdinf¥seor g netdiafract{dC- (@bl Fraction)
oropeptafiuoroetthane (CEC-1 15)
249 o A | uorB®8t hane ¥340rc, 282811 0.019 0.018
24.9 0.5002 0.50 1.75 4 18E-11 0.120 0.121
25.0 0.9998 2.14 3.73 4.58E-11 0.229 0.228
24.9 1.4991 4.13 5.79 5.46E-11 0.320 0.320
24.9 2.0001 6.22 7.90 6.55E-11 0.396 0.397
24.9 2.5034 8.35 10.05 8.92E-11 0.461 0.462
24.9 3.0041 10.54 12.31 9.57E-11 0.518 0.520
24.9 3.5040 12.92 14.84 1.11E-10 0.571. 0.574
Table 35¢

T | Co Cs Deff. Xcalc. Xmeas.
(°O) (bar) (mass%) | (mass%) | (m*/sec) | (mol. fraction) | (mol. fraction)
50.0 0.1013 0.21 0.09 1.08E-11 0.007 0.011
50.0 0.5011 0.34 0.94 9.52E-11 0.068 0.068
50.0 1.0012 1.24 1.97 9.91E-11 0.133 0.134
50.0 1.4996 2.29 3.01 1.07E-10 0.192 0.193
50.0 2.0006 3.37 4.07 9.79E-11 0.245 0.246
50.0 2.5005 4.37 5.10 1.22E-10 0.291 0.294
50.0 2.9997 5.44 6.19 1.19E-10 0.335 0.339
50.1 3.4970 6.68 7.33 1.14E-10 0.377 0.381

10
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per f I uor onet hane (FC

14),

and perfluoropropane (FC- 218). 6. The process of
w@@i7ssBevher ein the mi xture conprises a pair BPET/US2006/037137
refrigerants selected fromthe group of pairs

per fl uoroet hane (FC-1 16),

b3 $8d ng of : (i) HFC 32 andHFC 125, (ii) HFC 125 and
HFC- 143a, (iii) HFC-32 and HFC 143a, (iv) CFC-1 15 and
HFC- 125. (v) HFC-32 and HFC-134a, and (iv) CFC 125 and
T P I3%a 1. Tpe prpce of Janypore pf Cgims 110 6 X
wherein an|ioni® liguidtonmrise¥ a tation“Eel ectled ™
(cC)f r om @ae) gr| ofpass¥)s| §miasdodf| (IM&séc)| | GiohdrRitionp IJI (mol. fraction)
catlions: Dyri dinium JLri dazinium Pyra Lniumlmdazolium
74.9pyn aPlGldimThi #78) i um ARAZ ol i|lubBFE1187z01 | ul¥Bsphoni um 0.003
74.9Amo M aiPwher €132 Rl R2.52R3,| REJERD and RB0¥r e each 0.039
74.9i ndepedgdent!l y (s&l ect ediflsom|t he7B¥l0up corsdg&X i ng|of : 0.083
74901 ) H,.4959 1.41 1.77 2.08E-10 0.121 0.122
74.9 2.0012 2.03 2.40 2.27E-10 0.158 0.160
74.9 2.5033 2.65 3.03 2.28E-10 0.193 0.194
74.9 3.0034 3.30 3.65 2.05E-10 0.225 0.227
74.9 3.5051 3.96 4.27 2.13E-10 0.254 0.256
EXAMPLE 35
5

Solubility of 1,1,1,2-tetrafluoroethane (HFC-134a) in

tributyl(tetradecyl)phosphonium 1,1,2,3,3,3-hexaflnoropropanesuifonate

10

A solubility and diffusivity study was made at a temperature of 10, 25, 50,

and 75 °C over a pressure range from 0 to 10 bar where the solubilities (Xmeas.)

were measured using a gravimetric microbalance and the diffusivities (D) were

calculated using a one-dimensional diffusion model analysis. The initial

concentration (C,), final saturation concentration (Cs), and calculated solubility

(Xcaic) are also provided.
Tables 36a, 36b, 36¢, and 36d provide data for C,, Cs, D, Xcaic, and Xipeas
at a temperature of 10°C, 25 °C, 50°C, and 75°C, respectively.

15
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(ii) bhal ogen;
strai ght-chain,
Wo@pio7ossabd y substituted with at
selected fromthe group consisting of O,
OH, NH2 and SH, (iv)

strai ght-cha

(iii)

in,

branched or

branched or

-CH3, -C2H5,

-CH3, -C2H5,

or
cyclic al kane or

or
cyclic al kane or

C3 to C25

Br,
C3 to C25

F,

al kene,
| east one nenbRCT/US2006/037137

al kene

ConpiiBieigaone to three heteroatons sel ected fromthe

group consisting of O N, Si

substi t ut ed

wth at

| east one rrenber

and S, and optionally
sel ect ed from t he

STS

pf

C~ Br

gr OuR, COT g P and SH;
T toﬁ’ c2d uns[ddbstitut ed aryl, Df)ff' CLto §§ B
(°C) unsgha)i tjutaakstEr er@atsydo)h a\(lrﬁgzec)ne (owitfiricion) | (mol. Fraction)
terocatans | ndependently selectedifromthe grgup
102 corfs9¥li g 0D, N, §4%nd| &:238nHl (vi) @8290 ca5  0.032
99 slubsoiutled Gyl , lor 2C8 t o] CZ®Eslibst i t ud.a88 het e oar y.152
10.2 hjavi.ggpgone thi1y hr ¢e hedcer optlonE-1ndepencledd | y siel ect®@a89
10.0 T omgdee |grogipo consi skygg ph.@IE-N |SI apdof; whler el np.403
10.0 SPI flogdgdSTI qgLgd aryiz g SUDSHELPT ¢d Nepgbpar yI| Nas g 494
100 U 554 req 45osy Tt ygybs” I aagpenert [, 5§y eCted T oigy
10.0 " 3.8090°1 9366“'“”,2{2% 1.49E-10 |~ 0.670 [ 0672
10.1 | 34928 |72770 T 3401 | 2.02E-10 0.761 0.763
5 Table 36b
T | Co Cs Deff. Xcalc. Xmeas.
°O) (bar) (mass%) | (mass%) | (m?%/sec) | (mol. fraction) | (mol. Fraction)
25.0 0.0998 0.05 0.34 1.70E-11 0.021 0.019
249 0.5001 0.50 1.83 2.56E-11 0.103 0.104
24.9 0.9994 2.11 3.76 3.19E-11 0.194 0.194
25.0 1.4988 4.06 5.79 3.71E-11 0.275 0.273
24.9 2.0017 6.03 8.06 3.60E-11 0.351 0.350
25.0 2.5003 8.43 10.48 4.88E-11 0.419 0.418
25.0 2.9990 10.82 12.84 7.38E-11 0.476 0.478
25.0 3.5021 13.55 15.47 1.01E-10 0.530 0.530
Table 36¢

T P Co Cs Deff. Xcalc. Xmeas.
(°C) (bar) (mass%) | (mass%) | (m%/sec) | (mol. fraction) | (mol. fraction)
50.0 0.1009 0.00 0.17 6.85E-11 0.010 0.010
50.0 0.5001 0.32 0.96 6.65E-11 0.056 0.056
50.0 0.9994 1.20 1.99 6.73E-11 0.111 0.110
50.0 1.4992 2.24 3.04 6.51E-11 0.162 0.161
50.0 2.0003 3.31 4.09 7.46E-11 0.208 0.209
50.0 2.4945 429 5.16 8.18E-11 0.251 0.254
50.0 2.9994 5.46 6.22 1.11E-10 0.290 0.293
50.0 3.4964 7.54 8.32 7.36E-11 0.359 0.333

10
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or cyclic al kane or al kene,

w th at
weengistssng of d
NH2,

Br,

FI,

optionally substituted

| east one nenber selected fromthe group
OH, NH2 and SH,
and 4. SH, and wherein R7, R8, R9,

2. PCHPS2006/037137
and R10 are

e€Balile 36dependent |y sel ected fromthe group consisting

of : (vii) -CH3, -C2H5, or C3 to C25 straight-chain,

branched or r‘\/r‘l Lc al kene ] Vi
T substiPuted with at| | edst ore Rrber| sel Saied T rdm t h&Xmeas.
o dr QU nsi f 1 X .
O (vil| p(bﬁﬂ S(M%g’ﬁ@ ?rn’aég%? /sec?_1 Iﬁt '..C .a?ir(])?ﬁ (mol. fraction)
75. obrdnohedéor cygs ¢ pl kang or ﬂBBE‘Al@ Conpry.@ong one to0.009
7491 hre@ 5@@1 el 03*00.3'@5'5 Sel eg%gd ”P.H?E-'i@ gr oufp @xgnsl sting ¢.037
74,997 101 Q12 ST algthsS.— Any GOk Yy (BUBST T igtyad iy at g 57,
7iSHEASI3RE Tenfeye) ot S Fomp g oo sr =t ngof s
74. 9||nc\||"h;@|0|14m pdz 7(/I , nrrfllz t r, 1’5@5-/19: thi‘l \T%:Spd 0.136
74.9nef ePdRM| | hait¥y ohe 388t hileb7¥Rl8r hat o164 0.165
74.9i ndepgédént | vy 2588 ect ed3fipom|t helBlOup comsitst i ng|of 00.194
74.9N, |SB.5889 $; and 3.79 1.70E-10 0.196 0.221
5

EXAMPLE 36

The description of the microbalance components, shown in Figure 18, are

provided below.
10
Table 37. Microbalance Components Contributing to Buoyancy Calculation
Subscript Item Weight (g) Material Density | Temperature
(gecm™) °C)
] Dry sample mg [bmim][PF¢] Ps Sample Temp.
a Interacted gas m, CO, Da (Ty)
i " Sample container 0.5986 Pyrex 2.23 (Ts)
ip Wire 0.051 Tungsten 21.0 (Ty)
i3 Chain 0.3205 Gold 19.3 30
J1 Counter-weight 0.8054 Stainless Steel 7.9 25
Iz Hook 0.00582 Tungsten 21.0 25
I3 Chain 0.2407 Gold 19.3 30
15 - 'Where a mixture or material is stated or described herein as

comprising, including, containing, having, being composed of or being constituted

by certain components or constituents, it is to be understood, unless the statement

or description explicitly provides to the contrary, that one or more components or

constituents in addition to those explicitly stated or described may be present in

1

26



10

15

20

(x) C6 to C25 substituted aryl, or C3 to C25
substituted heteroaryl having one to three heteroatons

w0 pabepsaseent |y sel ected fromthe group consi stPCUSI006)37137

N, Si and S; wherein said substituted aryl or
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rocess o aim1 wherein an
|tb?rﬁl@, ith@il%exééliﬁﬁﬂ 8BIPHANI on sel ected fromthe
group consisting of [CH3CQ2] , [HSO4] , [CH30sS(3]

(ool (A LA, ol S o DR L
[s€at€zhait or d@criptnﬁil of the pres&EN of aa:ndlpamjntfok oanstiheneid a
mixture or material in this invention, or the presence of a step in a process of this
invention, it is to be understood, unless the statement or description explicitly
provides to the contrary, that the use of such indefinite article does not limit the
presence of the component or constituent in the mixture or material, or the
presence of the step in the process, to one in number. The words “include”,
“includes” and “including” when used herein are to be read and interpreted as if
they were followed by the phrase “without limitation™ if in fact that is not the

case.
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anion. 10. The process of Claim7 wherein an ionic
liquid conprises an anion selected fromthe group

we@ eogiossssng of [ CH3CO2] , [HSO4] , [CH3OSGB] |, PCT/US2006/037137
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[C2H50s3B] , [AICY , [COB]2 , [HCO3] , [NO2] , [NO3]
, [SO4]2 , [PAA]3 , [HPOALRAIMSPPO4] , [HSCB]
[CuC2] , O, Br, I , SCN, and any fluorinated
anion. 11. The process of Claim8 wherein an ionic
|yve id cROHBd isses an anion sel ected fromthe group
consisting of [CH3CO2] , [HSO4] , [CH3OsM3]
[C2H0sB] , [AICY CCB]Z, [HCOB] , [NO2] , [NO3]

o} “Are e seod B8 o et B Rk -

edtdnixhite, Whi&ia fite Bfxttk @bmpﬂ;smra@em@ib b1001b-boiling
l'iquid conprises an_anion selected fromthe group

dBirdirst andgvireip gipapixture ppprises|adppsqluorpe@pymgmpound and
HCCl FCF2S(3]

S S e AR SR e o rascoy 3G

[ CF3C@)] z{rﬁﬁﬁfﬁﬁhl@ﬂﬁ(ﬁ&drbon t&hp@@d? OCFHCF 2SC8]

[ CF 3CFHG3F2t§CFZSG3J) l éI—ICF 20CF 2CF2SC3] , [CF
2I CF 20CF ?@%ﬂr n‘f OCF2CF2s@3]
[ (CF2 :'%FZS@-)lgill\l]ﬂuomﬂa(t bdrBo2d18hEd ’froﬁpﬂle groupl gons1st1ng

The process of Claim7 erein an ionic liquid
conpri ses a®f @Gniodey straight-chain, branched or cyclic alkanes and C; to C4

straight-chain, branched or cyclic alkenes;
d) an inert‘gas selected from the group consisting of N, O,, CO,, CO,
NH;, Ar and H; and
e) water; and
wherein the process comprises contacting the mixture with one or more ionic
liquids in which one component of the mixture is soluble to a smaller extent than
at least one other componént of the mixture, and.separating the lower-solubility

component from the mixture.

2. The process of Claim 1 wherein a hydrofluorocarbon compound is
selected from the group consisting of a HFC-hydrofluorocarbon compound, a
hydrochlorofluorocarbon compound, a hydrofluoroether compound, a
hydrofluoroketone compound, a hydrofluoroaromatic compound, and a

hydrofluoroolefin compound.

3. The process of Claim 1 wherein a hydrofluorocarbon compound is
selected from the group consisting of triflnoromethane (HFC-23),
difluoromethane =~ (HFC-32),  pentafluoroethane = (HFC-125), 1,1,2,2-
tetrafluoroethane (HFC-134), 1,1,1,2-tetrafluoroethane (HFC-134a), 1,1,1-
trifluoroethane (HFC-143a), 1,1-difluoroethane (HFC-152a), fluoroethane (HFC-
161), chlorodifluoromethane (HCFC-22), methyl nonafluoroisobutyl ether, methyl
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selected fromthe group consisting of [BF4] , [PF6]
[ SbF6] , [CF3S@B] , [HCF2CF2S®] , [ CF3HFCCF2S@B]
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[ (CF3S() 3Cr, [CF3C®R] , [CF30CFHCF2S™] , [CF
32 et yP 808, ethy] GFnSiGhtdRoBuBCERSOBThy] nd1@FluRHBELy] ether,

fg&%@%ﬁ%ﬁ%& ,g ,|5 g@é%gé@%ﬁf}uommethﬂhexane.

[ (CF3CFHCF2SQ2) 2N -, and F . 14. The process of Claim
8 wherein an ionic liquid conprises an anion sel ected
f r om t e The pugeesons Citiinng where{rBF 4liorochibps jcofnpbms] is, selected

% E@ﬁm [ %%%@%&%%%%ﬂ?%&i EN]oroﬂuorocarbon
[ € 68) 3 Ghoroetel 368Bbund, [ G 2sordound [ £ uoroaromatic
3CF20CFHCF 2S(3] -, 3CFHOCF 2CF2S@3] -, [ CF2HCF 20CF
2¢Fpeogyl, andadiuaregiFiin cuEPQEER SCB] - |

[ CF3CF20CF2CF2S@8] -, [ (CF2HCF2S2) 2N]

[ (CF3CFHCF2SQ2) 2N] , and F . 15. The process of Claim

1 wher &i The beodesx biiCaimonpheRasa flvoroearboncempound is selected

hydr of | yor ocarbons, and the jionic.liquid conprise

fir0B 1 e edSTOHP| oOBHYTE f Yhor ﬂél%dqﬁﬂ?rame%.e Tefc-1),
pélﬁ&%géntﬁ’ﬁuo%@chéﬁel V‘(@*(?—'l D5t he MoXddiiforSABRLhS €S (HCFC-22),
HFC- 32 and HFC- 125, and HFC-125 i s the

| psvBnersuoietiant i(FG- 1dompofiearpethimest (FGs 1 Ko pandapesfludnopropane (FC-

tgfgf)m' xture. 17. The process of daim1l which is
p ornmed in a distillation colum.

6. The process of Claim 1 wherein the mixture comprises a pair of
refrigerants selected from the group of pairs consisting of:

@) HFC-32 and HFC-125,

(i) HFC-125 and HFC-143a,

(iii)) HFC-32 and HFC-143a,

(iv) CFC-115 and HFC-125.

(v)  HFC-32 and HFC-134a, and

(iv) = CFC-125 and HFC-134a.

7. The process of any one of Claims 1 to 6 wherein an ionic liquid
comprises a cation selected from the group consisting of the following eleven

cations:
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18. The process of Claim17 wherein the | ess soluble
conponent is renoved fromthe top of the colum. 19.
wab@7pssseess of Claim 17 wherein an ionic |iqupdr/asmo6/037137
the nore sol ubl e conponent are renoved together from

t he botRbdbm of the columm, the ionic |iquidr4nd the

col ut The process of Caim 17 wher
' pri ses a pair of refrigerants
grQuUE0 Igﬂirs consisting of: (i),HF
- 125N (i i R'HFC- 125 and HFC- 143a, (R7i) H¥C 32
andHFC- 143a,  (iv) CFC-1 15 and HFC 125. (vlj{1 HEC- 32 and
HFC- 134a, and (iv) CFC- 125 and HFC- 134a.

Pyridinium Pyridazinium
R3 ITS
R? _R* RZ_ N R*
O JO)E
R N R® R N R®
Pyrimidinium Pyrazinium
R? R®

Rot ©

R2

R? R®
+

N
RS N s \R1
I
R2
Imidazolium Pyrazolium
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5  Thiazolium Oxazolium
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Triazolium
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P— R and R10_ N®_
R RO
Phosphonium Ammonium

RO o

wherein R!, R%, R, R*, R® and R® are each independently selected from the group
consisting of:

» K

(1)  halogen;

(11) . -CHj, -CHs, or C; to Cys straight-chain, branched or cyclic
alkane or alkene, optionally substituted with at least one
member selected from the group consisting of CL, Br, F, I,
OH, NH; and SH;

(iv)  -CHjs, -C,Hs, or C; to Cys straight-chain, branched or cyclic
alkane or alkene comprising one to three heteroatoms
selected from the group consisting of O, N, Si and S, and
optionally substituted with at least one member selected
from the group consisting of Cl, Br, F, I, OH, NH; and SH;

) Cs to Cyp unsubstituted aryl, or C; to C,s unsubstituted
heteroaryl having one to three heteroatoms independently
selected from the group consisting of O, N, Si and S; and

(vi)  Cgto Cys substituted aryl, or C4 to Cy5 substituted heteroaryl
having one to three heteroatoms independently selected
from the group consisting of O, N, Si and S;

wherein said substituted aryl or substituted heteroaryl has one to three substituents
independently selected from the group consisting of:

1. -CHj, -C,Hs, or C3 to Cys straight-chain, branched
or cyclic alkane or alkene, optionally substituted
with at least one member selected from the group
consisting of Cl, Br, F I, OH, NH; and SH,

2. OH,
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3. NH, and

4. SH; and
wherein R7, R%, R’, and R'® are each independently selected from the group
consisting of:

(vii) -CHs, -C,Hs, or C; to Cys straight-chain, branched or cyclic
alkane or alkene, optionally substituted with at least one
member selected from the group consisting of Cl, Br, F, 1,
OH, NH; and SH;

(viii) -CHj, -CoHs, or C3 to Cys straight-chain, branched or cyclic
alkane or alkene comprising one to three heteroatoms
selected from the group comsisting of O, N, Si and S, and
optionally substituted with at least one member selected
from the group consisting of Cl, Br, F, I, OH, NH; and SH;

(ix) Cg to Cps unsubstituted aryl, or C3 to C,s unsubstituted
heteroaryl having one to three heteroatoms independently
seleqted from the group consisting of O, N, Si and S; and

x) Cs to Cys substituted aryl, or C; to Cys substituted heteroaryl
having one to three heteroatoms independently selected
from the group consisting of O, N, Si and S;

wherein said substituted aryl or substituted heteroaryl has one to three substituents
independently selected from the group consisting of:

(5) -CHj3, -C;Hs, or C; to Cys straight-chain, branched
or cyclic alkane or alkene, optionally substituted
with at least one member selected from the group
consisting of Cl, Br, F, I, OH, NH; and SH,

(6) OH,

(7) NHy,and

(8) SH; and

wherein optionally at least two of RL R? R, RY RS, R® R’, R®, R®, and R" can
together form a cyclic or bicyclic alkanyl or alkenyl group.

| 8. The process of Claim 7 wherein at least one of Rl, RZ, R3, R4, RS, RS
R7, R8, R9, and R° comprises F-.
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9. The process of Claim 1 wherein an ionic liquid comprises an anion
selected from the group comsisting of [CH3CO.], [HSO4], [CH50SO0s],
[C:H;0805], [AICL], [COs]*, [HCOs], [NO:J, [NOsJ, [SOJ*, [POJ™,
[HPO4J*, [HoPO4], [HSO:], [CuCl], CI, Br, I, SCN, and any fluorinated

anion.

10. The process of Claim 7 wherein an ionic liquid comprises an anion
selected from the group consisting of [CH3CO,], [HSO4], [CH30SOs],
[C:Hs0SO0s], [AICL], [COs", [HCOs], [NO:I, [NOsT, [SO.*, [POJ™,
[I—]ZPO4]2', [H2PO4], [HSOs], [CuCly], CI, Br, I, SCN, and any fluorinated

anion.

11. The process of Claim 8 wherein an ionic liquid comprises an anion
selected from the group consisting of [CH3CO,], [HSO4], [CH30SO0s],
[C:Hs;0S05], [AICL], [COs*, [HCOs], [NO:J, [NOsT, [SO4*, [PO4I,
[HPO,]*, [HoPO,T, [HSOs], [CuCL], CI, Br, I, SCN’, and any fluorinated

anion.

12. The process of Claim 1 wherein an ionic liquid comprises an anion
selected from the group consisting of [BF4], [PFs], [SbFs], [CF3SOs],
[HCF,CF,S0s3],  [CFsHFCCF,S0s], - [HCCIFCF2S05],  [(CF3SOy).NT,
[(CF3CF3S0,):NT, [(CF3S02)iCT, [CF3CO.T, [CF3;0CFHCF,S0s],
[CF;CF,OCFHCF,S0s], [CF3CFHOCF;CF,S03], [CF,HCF,OCF,CF,SO;],
[CF,ICF,0OCF,CF,S0s], [CF3CF,OCF,CF,SOs], [(CF,HCF,SO;),NT,
[(CF3CFHCF,SO0,),N], and F.

13. The process of Claim 7 wherein an ionic liquid comprises an anion
selected from the group consisting of [BF4], [PFs], [SbFg], [CF3SOs],
[HCF,CF280;],  [CFsHFCCF,SOs],  [HCCIFCF,SO;],  [(CF3SO,).NT,
[(CF3CF2SO,2),NT, [(CF3S02):CT, [CF3CO,T, [CF;OCFHCF,S0s],
[CF;CF,OCFHCF,S0s], [CF3CFHOCF;CF2S0s], [CFZHCFZOCFzCFZS@]',
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[CF,ICF,0CF,CF,S0s], [CF3CF,0CF,CF,S0s, [(CF,HCF,S0.):NT,
[(CFsCFHCF,S0,),N], and F.

14. The process of Claim 8 wherein an ionic liquid comprises an anion
selected from the group consisting of [BF4], [PFs], [SbFs], [CF3SOas],
[HCF,CF,S0s],  [CFsHFCCF,S0s5],  [HCCIFCF,S0s3],  [(CF3SO,).NJ,
[(CF3CF2S0,):NT, [(CF3S0,):CT, [CF3CO;], [CF30CFHCF2S04],
[CF3;CF,OCFHCF,S0;], [CF;CFHOCF,CF,S03], [CF.HCF,OCF,CF,SOs],
[CF,ICF,0CF,CF,S04], [CF3CF,0CF,CF,S0s], [(CFHCF,SO,),NT,
[(CF3CFHCF,SO;);N]’, and F".

15. The process of Claim 1 wherein the mixture comprises two or more
hydrofluorocarbons, and the ionic liquid comprises a fluorinated cation and a

fluorinated anion.

16. The process of Claim 1 wherein the mixture comprises HFC-32 and
HFC-125, and HFC-125 is the lower-solubility component that is separated from
the mixture.

17. The process of Claim 1 which is performed in a distillation column.

18. The process of Claim 17 wherein the less soluble component is

removed from the top of the column.

19. The process of Claim 17 wherein an ionic liquid and the more soluble
component are removed together from the bottom of the columm, the ionic liquid
and the more soluble component are separated outside the column, and the ionic

liquid is returned to the column.

20. The process of Claim 17 wherein the mixture comprises a pair of
refrigerants selected from the group of pairs consisting of:

@) HFC-32 and HFC-125,

(i)  HFC-125 and HFC-143a,
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(iif)
@iv)
)
(iv)

HFC-32 and HFC-143a,
CFC-115 and HFC-125.
HFC-32 and HFC-134a, and
CFC-125 and HFC-134a.
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