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Technical Field

The present invention relates to the execution of an absorption refrigeration

cycle by use of a refrigerant pair comprising at least one refrigerant and at least one

ionic liquid.

Background

As a new type of solvent with immeasurable vapor pressure, room-
temperature ionic liquids are being used for chemical separation and unique reaction
media. Solvent phase behavior is an important factor in the attractiveness of using
jonic liquids in these applications as well as in new applications such as absorption

cooling or heating.

The absorption refrigeration cycle has been in use in various forms for more
than 100 years. Although the vapor compression cycle is now used for most air-
conditioning and refrigerating applications, the well-known refrigerant-absorber
systems (H,O/LiBr and NH3/H,O) are still being used for certain applications,
particularly in the field of industrial applications or large-scale water chiller systems.
Recently, more attention has been directed toward recovery of waste heat using the
NH3/H,O system (Erickson, D.C., et al (ASHRAE Trans., 2004, 110). Inherent
drawbacks to using LiBr and NH; as refrigerants include the corrosiveness of LiBr
and the toxicity and flammability of NHz. In the late 1950s, there were proposals of
new refrigerant-absorbent pairs for the absorption cycle using fluoroalkane

refrigerants with organic absorbents (Eiseman, B.J. [ASHRAE J., 1959, 1:45];
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hydrofluorocarbon, hydrochlorofluorocarbon, chlorofluorocarbon, fluorocarbon, N,
Q,, CO,, NHs, Ar, Hy, H>O and non-fluorinated hydrocarbon selected from the group
consisting of C; to C4 straight-chain, branched or cyclic alkanes and Ci to Cq straight-
chain, branched or cyclic alkenes; and at least one ionic liquid. The ionic liquid may
comprise a cation selected from the group consisting of pyridinium, pyridazinium,
pyrimidinium, Ppyrazinivm, imidazolium, pyrazolium, thiazolium, oxazolium and
triazolium, and an anion selected from the group consisting of [CH;COJ, [HSO.],
[CH30803], [C:HsOSOs], [AICLT, [COs)*, [HCOs], [NO.J, [NOsf, [SO4T”,
[POLI™, [HPO.1, [HPOAT, [HSOs], [CuCL], CI, Br, I, and any fluorinated anion.
The cation and/or the anion may be fluorinated. Fluorinated anions may be selected
from the group consisting of [BF4], [PFe], [SbFe], [CF3SOs], [HCF,CF>SO;],
[CE;HECCF,SO0;], [HCCIFCF,S0s], [(CF3S02):NT, [(CF380,):CT, [CF3CO:], and
F.

Another embodiment of this invention is a composition comprising at least
one hydrofluorocarbon, hydrochlorofinorocarbon, chlorofluorocarbon or fluorocarbon
selected from the group consisting of 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),
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object or space by executing an absorption refrigeration cycle using one or more

refrigerants and/or one or more ionic liquids.
Yet another embodiment of this invention is an apparatus for executing an

absorption refrigeration cycle that comprises any of the compositions disclosed

herein, and/or performs any of the processes disclosed herein.

Brief Description of the Drawings

FIG. 1 shows a schematic diagram of a simple absorption refrigeration cycle.

FIG. 2 shows measured isothermal solubility data (in mole fraction) of the
system HFC-32 + [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 (&) represent measured isothermal data at 75 °C. Solid lines represent

data trends.

FIG. 3 shows measured isothermal solubility data (in mole fraction) of the
system HFC-125 + [bmim][PF] as a function of pressure. Filled circles () represent

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

FIG. 6 shows measured isothermal solubility data (in mole fraction) of the
system HFC-152a + [bmim][PFs] 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. 7 shows measured isothermal solubility data (in mole fraction) of the
system HFC-32 + [bmim][BF,] 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. 8 shows measured isothermal solubility data at 25 °C of the systems
HFC-32 + six different ionic liquids as a function of pressure for comparison. Open
circles (O) represent measured isothermal data for HFC-32 + 1-propyl-2,3-
dimethylimidazolium tris(trifluoromethylsulfonyl)methide at 25 °C, open squares (0)
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for HFC-32 at 10 °C with Py = 11.069 bar, filled diamonds () represents measured
isothermal data for HFC-152a at 10 °C with Py = 3.7277 bar, filled circles ()
represent measured isothermal data for HFC-134a at 10 °C with Py = 4.1461 bar, filled

triangles (A) represent measured isothermal data for HFC-125 at 10 °C with Py =
9.0875 bar, filled squares (m) represent measured isothermal data for HFC-143a at 10
°C with Po = 8.3628 bar. Solid lines represent data trend and dashed line represents

Raoult’s Law.

FIG. 10 shows a schematic diagram of the gravimetric microbalance used for

measuring gas absorption in the ionic liquids.

Detailed Description

The present invention relates to the discovery that refrigerants are soluble in
ionic liquids. The invention provides refrigerant pairs comprising refrigerants and
ionic liquids, wherein the refrigerant exhibits good solubility and diffusivity in the
ionic liquid. The refrigerant/ionic liquid pairs are useful in absorption cooling and
heating systems. The invention also provides for the execution of absorption cycles
utilizing refrigerant/ionic liquid pairs. The invention also provides a process for

cooling or heating utilizing refrigerant/ionic liquid pairs.
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refligeea pair. A “mixed refrigerant” is a refrigerant composition comprising at

least two refrigerants.

A “refrigerant” is a substance such as a fluorocarbon (FC), hydrofluorocarbon
(HFC), chlorofluorocarbon (CFC), hydrochlorofluorocarbon (HCFC), or ammonia,
alkanes, alkenes, eromatics, carbon dioxide, or other gas such as hydrogen, oxygen,
nitrogen, and argon that, when it changes phase from liquid to vapor (evaporates), it
removes heat from the surroundings, and when it changes phase from vapor to liquid

(condenses), it adds heat to the surroundings.

The term “fluorinated refrigerant” or “fluorine-containing refrigerant” refers to

a fluorocarbon, hydrofluorocarbon, chlorofluorocarbon, or hydrochlorofluorocarbon.

The term “vacuum” refers to pressures less than 1 bar but greater than 10™ bar

for practical use in absorption cycles.

The term “alkane” refers to a saturated hydrocarbon having the general
formula CyHan+z that may be straight chain, branched or cyclic. A cyclic compound

requires a minimum of three carbons.
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same at a.temperature and pressure encountered in a cooling or heating cycle.
Included in the definition of a constant boiling mixture is a “near-azeotropic” mixture,
which, as described in U.S. Pat. No. 4,810,403, maintains a substantially constant
vapor- pressure even after evaporative losses, thereby exhibiting constant boiling

behavior.

As a new type of solvent with immeasurable vapor pressure, room-
temperature ionic liquids are used herein for absorption cooling or heating. In the
present invention, the solubility and diffusivity of fluorinated refrigerants, and other
gases such as carbon dioxide, ammonia and non-fluorinated hydrocarbons, in various
ionic liquids, determined for example using a gravimetric microbalance, indicates

their usefulness for absorption cooling or heating.

The present invention provides refrigerant pair compositions for use in
absorption refrigeration cycles. Although referred to as absorption refrigeration
cycles, absorption cycles can be used for cooling, or for generating heat, depending on
the application. One member of the refrigerant pair comprises at least one refrigerant

selected from the group conmsisting of hydrofluorocarbon, hydrochlorofluorocarbon,



FIG 9 shows neasured isothermal solubility data (in
nmol e fraction) at 10 OC of the systens HFC 32,

wWOoE@e8262 HFC- 134a, HFC- 125, and HFC- 143a + PCT/US2006/004230
[bm' n][PF6] in ternms of absolute pressure divided by

cm(’ﬁﬁjl’f’gﬁoca En '?‘f’rég%bﬁ‘&t“& gée)%) @z@@@%&f@ﬁﬁg&q rg{?)tmé?e (CO),
bar f| [ edé}gbﬂ Gy hﬁ@og&l H,)} Owbfer W’Hlb) Pand doh-&Sinated

i anon Fepresents neasufed i sot her nal
hyc&acaabcprorwhmnlthszsonaﬂuqrma@@ Iydrcapoor= i3 sqloqtad Beom the group

cophEeP! 1L Sl ABEE R E SN E ARG g e
chdifi,] BRgtes oA )kytlhphieasd. nﬁ@sué@ddl meiber oBlthélabhigenmt pair
HFC- 125 at 10, 0C wth PO =.9.0875 bar, filled squares

corpprises gt kg one iiue liged, Whish ieisedies aaebsorksntHEC- 143a at
10 OC with Po = 8.3628 bar. Solid lines represent data
trend and dashed |ine represents Raoult's Law. FIG 10
s hoT@dﬁamemgﬁtohcreﬁﬁmnﬂmﬁxtcﬂudehmrgpcamﬁsré}mmg any combination
r obal ance used for peasuri.n as absorption in the
of Bydiogey PRt teringayith pargomasd rIP%PS% SomREUs uh carbon-carbon
I er r
dodf¥ &l nwfﬂ?llﬁ)tl%tpgl @%e?ﬂg@ QP#} Yedaifes %% Bﬂ oc'carbon

are sol uble he ‘i nventi on
reffigérantgereful pabr s teomiveatiog riedludge ﬂfﬂuosometﬁana) n (HFC 32),

pen {%3%@{5”2&@%@, s st ré,g?ﬁ[:{?%roet et Sa¥8830), 1,112
tetrafluoroethane (HFC-134a), 1,1,1-trifluoroethane (HFC-143a), 1,1-difluoroethane
(HFC-152a) and fluoroethane (HFC-161). In one embodiment of the invention, the
hydrofluorocarbon refrigerants are selected from the group consisting of
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).

Chlorofluorocarbon refrigerants include compounds having any combination
of chlorine and fluorine with carbon and include compounds with carbon-carbon
double bonds with boiling points below 0°C. An example of a chlorofluorocarbon

refrigerant useful for the invention is dichlorodifluoromethane (CFC-12).

Hydrochlorofluorocarbon  refrigerants include compounds with any
combination of hydrogen, chlorine and fluorine with carbon and include compounds
with carbon-carbon double bonds with boiling points below 0°C. An example of a
hydrochlorofluorocarbon  refrigerant useful for the invention includes
chlorodifiuoromethane (HCFC-22).

Fluorocarbon refrigerants include compounds with any combination of
fluorine and carbon and include compounds with carbon-carbon double bonds with
boiling points below 0°C. Examples of fluorocarbon refrigerants useful for the

invention include perfluoromethane (FC-14) and perfluoroethane (FC-116).
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The ionic liquid used in this invention can, in principle, be any ionic liquid
that absorbs the refrigerant gas, however ionic liquids that have minimal absorption of
the refrigerant gas will be less effective as absorption cycle working fluids. Ideally,
high absorption and diffusivity are desired to achieve a high-energy efficiency cycle.
Tonic liquids may be synthesized, or obtained commercially from several companies
such as Merck (Darmstadt, Germany) or BASF (Mount Olive, NJ). 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.

In one embodiment of the invention, ionic liquids have cations selected from

the following Formulae:

R' R*
RS R? R? RS
) Ol
R® rTl R3 R2Z” N7
R* r|21
Pyridinium Pyridazinium



al kanes, al kenes, aromatics, carbon dioxide, or other
gas such as hydrogen, oxygen, nitrogen, and argon

W@ b@b/0s42ben it changes phase fromliquid to vapor/us2006/004230
(evaporates), it renmoves heat fromthe surroundi ngs,
and when it changes phase fromvapor to liquid
(condenses), it adds heat to the surroundings. The
termgsfluorinated refrigerant” or 'gd uorine-containing
refrijgerant” refers to a fl uorocarbpn,

RZwdr df | uorpéar bon, chl orof | uggdcar pn, oR4

oeQINDT of | uor ocar bon. The t erf vasulnt' refers to
t han 10 4 bar
geti cal use in absorptionsycl gg& _The term

R'al KMe" rBPers to a saturat &l hydriecar b&? havi ng the
general fornmula CnH2n+2 that may be strai ght chain,
branched or cyclic. A cyclic conpound requires a

PyfinidiAm of three carbons. The ter mPipaXkgingi refers to
an unsaturated hydrocarbon that contains one or nore
C=C doubl e bonds that nay be strai ght chain, branched
or .cyclic. al kene requi a mnipum of two
cBrA'bons. AR?;N iC conpoundheZILS [ Hagjm ni mum of three

‘ he term"aromatic" to benzene and

conpp 3§ that resenbl e benze chem cal behavi or.

A" torn' is an atom ot an carbon in the

of-ph al kanyl ,R3 ~R

Imidazolium Pyrazolium
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al kenyl, cyclic or aromatic conpound. "Heteroaryl"
refers to an al kyl group having a heteroatom An
w0 awens26pi c* or "constant boiling" m xture of PETHOSING/004230
nore refrigerants is a m xture wherein the conposition
of the vapor and liquid phases are substantially the
sanme at a tenperature and pressure encountered in a
cgélling orRHeating cycle. Incl u@tbl in thg definition
consyant boiling mxture isQ "neal- izeot r opi c"
m xtye=eNwhi ch, as described in U % . No

4,8 mai ntai ns a substanti al st ani vapor
g &8 By en gfter evaporative | t her eby
R&xhi dRStant boiling He aRéw type of

sol vent wi th i mmeasurabl e vapor pressure,
Thizeehtignperature ionic |iqui dg,as8iiused herein for

absorption cooling or heating. In the present

invention, the solubility and diffusivity of

fluorinated, ,refrigerants, and other gases such as
Ri' de, anmoni a and non-fl uori nat ed

car bon di gy
hydr,gcardyons, in various ionic |iquids, determned for

exanpredysi ng a gravimetric mcrobal ance, indicates
R4T € N ege 'gﬂ/enti on provides refrigerant pair
conpoditions tor use in absorption refrigeration

cyclesl Although referred to as absorption
refrigeéation

Triazolium
7
) N
O |
R IP—— R and R10_ N@— RS
|
9
R RY
Phosphonium Ammonium

wherein R;, Rz, Rs, R4, Rs and Rg are independently selected from the group
consisting of:

@A) H

i) F

(iif) CH;, CoHs, or Cs to Cj, straight-chain, branched or cyclic
alkane or alkene, optionally substituted with CI", Br', F, I', OH,
NH; or SH;

(iv) CHs, CHs, or C; to Ciz 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 CI', Br, F, I, OH", NH, or SH™;

11



cycl es, absorption cycles can be used for cooling, or

for generating heat, depending on the application. One
woreovhes426f t he refrigerant pair conprises at |RPEBHUSHNE004230

refrigerant selected fromthe group consisting of

hydr of | b , |
hydr ochl BPof | GoRbCHr BERDSHRS? 8Pl 9bPeiEmapgnwherein one to three

f 1 uor ocar bon, hételobRARN a{ré\l Indepeidesily ( $ddote RN the grou
di oxi de (C02) amoni a NHS) arggﬂrlly(Ar) hydr ogen SIotP

(H2), water (mv@)stmanﬁOmNn f i nat ed hydr ocar bon,
wher ei n Eg)re n ntél §?s ns%rtu%gc}géq o?‘:h% bon 3 hse%n%(:t ed[o three

fromthe oup®con ain,

branched or ckétiogtoatsk aies iraie erﬁbnﬂlya %ecséd afrglliht aheéi Broup
branched or cyclic al kenes. The second nenber of the
refrigerant peansisEipge i &% SitandeBsindgpe tpdhice spbgiinants are

whi ch is used; r

refrigerants | %%?&geﬁ@gg‘%gﬁﬁ%g OE%W n O%ﬁy&glon‘ﬁﬁ‘% Otf 13 CHs,

of hydrogen a@g¢H{,lou @itné}wﬁrﬁghtamlhm basmthed ot vyldic alkane or

conpounds wi t h, car bon- c dou b ith hojling

poi nts bel ow 8B5S ERUMKA ?Itﬂﬂﬁgr"ﬂfhr §E Eiva\ﬂ; bg B?LNPIZ or

refrigerants Sﬁeme Oﬁz)lt]ﬁe ah§ W ?SH* .QRd Wietdidle

di f|l uor onet hane FC-32), pentaf | udr oet hane (HFC-
OptIDZlE)lY al ldaﬁQtVQO DétRnaiRIzuBB,o&t HRsnand( RECanl t@kjher oy B, Qyclic or

bi ‘i‘iﬁf zhfil u ]tflha e (HFC-134a), 1,1,1-trifluoroethane
1Y EEE AR, ?ra uor oet hane (HFC-152a) and

fl uor oet hane (HFC— 161). Li one enbodi ment of the
i nvention, the hydrofl|l uorocarbon refrigerants are
sel Brtasgther o@ﬁlbq%mgmoupn@odmu&su 0§ be mwenworﬁﬂh%w@nse

ol PR LSRR R R ot e comprss
In one embodiment of the invention, ionic liquids have anions selected
from the group consisting of [CH3CO;]", [HSO4]", [CH30S03], [CoHsOSOs], [AICL]
, [COsI*, [HCO:], [NO,I, [NOsJ, [SO4%, [POs*, [HPOL*, [HoPO4T, [HSOs],
[CuClL], CT, Br, I, and any ﬂuorinéted anion. Fluorinated anions of the invention
include [BF4], [PFs], [SbFs], [CF3SOs], [HCF:CF,SO;], [CFsHFCCF,SOs],
[HCCIFCF2SOs], [(CF3S0,):NT, [(CF3S0,)3C], [CF3CO,], and F".

In another embodiment, ionic liquids may comprise a cation selected from
the group consisting of pyridinium, pyridazinium, pyrimidinium, pyrazinium,
imidazolium, pyrazolium, thiazolium, oxazolium and triazolium as defined above and
an anion selected from the group consisting of [CH3CO,],, [HSO4]", [CH30SO0s],
[C2Hs0SOsT, [AICLT, [COs)*, [HCOs], [NO,], [NOsJ, [SO4%, [POsT>, [HPO4),
[HaPO4],, [HSO4], [CuCly], CI, Br, I', and any fluorinated anion. In yet another
embodiment, 1onic liquids may comprise a cation selected from the group consisting
of pyridinium, pyridazinium, pyrimidinium, pyrazinium, imidazolium, pyrazolium,
thiazolium, oxazolium and triazolium as defined above and an anion selected from the
group consisting of [BF4], [PFs], [SbFs], [CF3S0s], [HCF,CF2S0s],

12



(HFC-134a), 1,1,1-trifluoroethane (HFC 143a) and
1, 1-di fl uoroet hane (HFC-152a). Chl orofl uorocarbon

wo edosiogiesant s i ncl ude conpounds havi ng any conPCTES10061004230
of chlorine and fluorine with carbon and include

o e e RSO PR SR RGP Pr T olRhf Pona

F.refrigerant useful for the invention is

di chl or odi f| uor onet hane (CFC-12).

Hydr ochl or of | uorocarbon refrigerants include conpounds

with any. ' ' v ) ri . N

o SRS 8RRl SRk LB ption sl
froomlizogroaprdoasistitgubf pytidinisn, v tridabiniu ngyrfeiditismb el ewinium,
. POC... An exanpl e of. a hydrochl arof | uor ocar bon
gy BYfeZ (3 drisp OB G40, 6 e iWeas defined above
wheRiP hORhdt | M8 PIE! RANE, RLIGRCakiR cgrﬁﬁigéﬁg@gga%g Mn anion sel?cted

refrigerants include tonpounds W t inatron o

frofd the igrovy @mndisteg GdCHRAO.1 N0, CHE0S04S [GiHIOSOs], [AICL]

. bl ER R e Reh e 150eh, TRBPt o REGHE. Bdsail. Misour,
[Cudi] | OVEBE ] P,naﬂd"%leuﬁﬁo@@a[téd HRIbR Meh haNearbhifer Ehbodffent, ionic

. pertluoroethane (FC-1 16).Non-fl uorinated hydrocarbon
liquids rgje campysa 8 efatipn fsglectedefrpmy thet gronp iconsisite ré phedimium,

e pr . CY e r | e .
PR, S S SRRy SLOBEARR B AR Mgt
oxadoiomusdf ttihzdliam acddfied Afow, ddefeil af lehfi@nt QFRES RE, R-ER,, Rs
an(gg pressure_appropriate for absoqrption equi pnen
3

t. In
EOTRPIISES ,F »rfnd @n aglon selected from the group consisting of [BF4], [PF¢],
[SbF¢], [CF3SOs], [HCF,CF,SOs], [CF;HFCCF,SO;], [HCCIFCF,SOs],
[(CF3S0,):NT, [(CF3802):CT, [CF3CO,], and F~.

In still another embodiment, ionic liquids of the invention may comprise
imidazolium as the cation and an anion selected from the group consisting of [BF4],
[PFe], [SbFs], [CF3SO0s], [HCF,CF,SO0s], [CFsHFCCF,SOs], [HCCIFCF,SOsT,
[(CF3S0,),NT, [(CF3S80,)5C], [CF3CO,]; 1-butyl-3-methylimidazolium as the cation
and an anion selected from the group consisting of [BF4]", [PFs], [SbFs]", [CF3SOsT,
[HCF,CF>S04], [CFsHFCCF,SO0s]", [HCCIFCF2SO0s], [(CF3802)NT, [(CF380,2):CT,
[CF3CO2]; 1-butyl-3-methylimidazolium as the cation and [BF4]" or [PFs] as the
anion; 1-propyl-2,3-dimethylimidazolium as the cation and [(CF3SO;),NT,
[(CF3S80,);CI" as the anion; or 1,3-dioctylimidazolium or 1-octyl-3-

methylimidazolium as the cation and [I] as the anion.

Mixtures of ionic liquids are also useful for achieving a desirable level of
absorption behavior, in particular if a mixed refrigerant is used in combination with

absorption equipment.

The ivention also provides compositions comprising at least one

hydrofluorocarbon, hydrochlorofluorocarbon, chlorofluorocarbon or fluorocarbon
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whi ch form azeotropes or constant boiling mxtures are
preferred because mnimal to no fractionation of the

woreoosse6mi | | occur if the refrigerant |eaks fPONUS1966/004230
absorptl on cooling system Azeotropic or constant

selectep Lo {'“fn?’u (ﬁ%’gé’ Egljri]sgéi’iﬁa F@%‘jdxﬂhcﬁxj?ﬁ@ﬂ%ﬁ@KHF@%Z()J‘E@&&&)qroethane

(HFCA123),1 1;}21 zmmﬂuumeﬂanhaﬂﬁ 486, 1 34 ) 2-taeflaprostegs (UL
N e L

I qu
fluorokfHagie | NVENt ¢80, in prdhgbdif@oroneet i oni c(HCHOHR
EJt absorbg—mt%e pefrl gerant gas, homga\jtgr (HCREAD)

dlchldromﬂud@mdﬁmne h&KE- kﬂ)mmﬁﬂluoa@%%@q §iCd taﬂé pnérﬁuomethane
fr | gas. Wi

(FC- lég %aﬂgorﬁ Eﬁn&A hgﬁl ?il?iyﬁ)fr%qe G hlglgcscg?%?sfégﬁﬁfg;% @Ation

selectgﬂ fifré’xﬁ' Wet ¥rowpe co@sstingdof @yadimiene parltiazylhlurm emgynldlmum

i
G N R T
MR S A e

i nvent i on

[Hcm@gzs%tqu glanglflgMIQSOb]et[HﬁlClE@Fzﬁﬁﬂ ol(CHY @2 NLd (CE#941):C
an
[CFGRgis s g gompostoBaronPansie: TopeeapEPaie =

enbodi ment of the invention, ionic |liquids have

cations sel ected fromthe fol | ow ng For mul ae
Refrigerant pairs of the invention may have the followmg composition.

Compositions comprising at least one refrigerant and at least one ionic liquid may
comprise from about 0.05 to about 99.95 mole percent of a refrigerant over 2
temperature range from the triple point temperature to the critical point temperature of
the refrigerant at a pressure from vacuum to the critical pressure of the refrigerant. In
another embodiment, compositions comprising at least one refrigerant and at least one
ionic liquid may comprise from about 0.1 to about 99.9 mole percent of a refrigerant
over a temperature range from the triple point temperature to the critical point
temperature of the refrigerant at a pressure from vacuum to the critical pressure of the

refrigerant.

For example, compositions comprising HFC-32 and ionic liquids may
comprise from about 0.1 to about 99.9 mole percent of HFC-32 over a temperature
range from —136.8 to 78.1°C at a pressure from vacuum to 57.8 bar. Compositions
comprising HFC-125 and ionic liquids may comprise from about 0.1 to about 99.9
mole percent of HFC-125 over a temperature range from —100.6 to 66°C at a pressure
from vacuum to 36.2 bar. Compositions comprising HFC-134 and ionic liquids may
comprise from about 0.1 to about 99.9 mole percent of HFC-134 over a temperature
range from —100.0 to 119.1°C at a pressure from vacuum to 46.4 bar. Compositions
comprising HFC-134a and ionic liquids may comprise from about 0.1 to about 99.9

mole percent of HFC-134a over a temperature range from —103.3 to 101°C at a
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Pyri di ni um Pyridazi ni unPyri m di ni um Pyrazi ni um
I m dazol i um Pyrazol i uniThi azol i um Oxazol i um Tri azol i um
wehkoosheret n Rl, R2, R3, R4, R5 and R6 are i ndepentsuné/§04230
sel ected fromthe group consisting of: (i) H(ii) F
(iii) CH3, C2H r Cl2.strai ht ch ranc
pregsire Jiom a0 Uk ST Ry S GUo R e Hgnd Tonie
1 Bte frof bﬁto%,bé\!ﬂ@@né Ednt ot GEG- 14346
lngtrl§ %gﬂcgm&%e storazll é)ht chalan branch edpegr ncyc l'ic al kaneeral
tenerarcenage Gopr 51 torvd. 6 ttha Peeshat efroat vrsumetoed.@ dar.
fromthe group consis af O..N,. Si and S, apd
CO@BWE}%% PO Hf@f]e{;avﬁ Howie liqugls may-compsise ’%’Hﬁ abRpp0-1
oupig9:o MDoleCpert; tGrATRNS8bs vl %&nﬁér&ﬁu&faﬂg%tﬁ&ﬁafmk 6 to
eréein one ree heteroatons are independently
11$Eq®@ﬁ:ﬁpte§mfr®1h@agumpa topdasting of O, N, Si and S;

Additional examples of refrigerants useful in compositions comprising from
about 0.1 to 99 mole percent refrigerant in at least one ionic liquid are shown in the
following table, along with the triple point temperature, critical point temperature and

critical point pressure of the refrigerant:

Triple Point Critical Point | Critical Point

Refrigerant Temperature Temperature Pressure

O (°C) (bar)
Perfluoromethane (FC-14) -183.6 -45.6 375
Perfluoroethane (FC-116) -97.2 19.9 30.5
Perfluoropropane (FC-218) -160.2 72.0 26.7
Dichlorodifluoromethane CFC-12) -157.1 112.0 41.4
Hydrochlorodifluoromethane (HCFC-22) -1574 96.1 49.9
Fluoromethane (HFC-41) -143.3 441 59.0
1,1,1,3,3,3-hexafluoropropane (HFC-236fa) -93.6 124.9 32.0
1,1,1,2,3,3,3-heptafluoropropane (HFC-227¢a) -126.8 101.7 29.3
Carbon Dioxide -56.6 30.9 73.7
Ammonia -77.6 132.3 1133
Nitrogen -210.0 -147.0 33.9
Oxygen -218.8 -118.6 50.4
Hydrogen -259.2 -240.0 13.2
Argon -189.3 -122.5 46.0
Methane -182.5 -82.6 46.0
Ethane -182.8 322 48.7
Ethylene -169.4 9.3 50.4
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(vi) C6 to C20 substituted aryl or heteroaryl, wherein
one to three heteroatons are independently sel ected

WO p@a084262 gr oup consisting of O N5 Si and S; BETUS2U6/004230
to three substituents are independently selected from

the—group—conststing—ot—1)—CH—C2H~ o 3-to, Cl2

Progh¢ ai ght - chai n, branched of cy¢¥iT al kaneé6or al kenez.4

optiTonatty substituted—wtmT C Br—T F 1+ 0N+
ProgiensH  2) OH . 3) NH2 and| 4) S92 and wiafe| n| 465

tionally at Teast two of| Rl, , R3, R4 5 and
Cycgogfﬁ’p‘in?met her forma cycliclor bdﬁgvcl ilc al¥dnyl Por 509

put@Kenyl group. In another enbogigwent,| i opd,g |1 quids,; ef
uth . :

invention. may conprise catl onsiwherein

Isotatand €ast one OFR1, R2, R3,|R4,-18%6 and R61z:iompri sesf4.

Lrn  Ane-opnddadi-nent ~f 4+ e -i—an HE PN~V B P TR T B2 PN “W-SWP-Y
1T OUTTT TTTouuTr 1111t Ul CIrC T 1TvVTTItU T UIT, Mo T T T YU usS1Tave

HQani ons sel ected fromthe gfoup &bnsi sti ng7er [ dﬁpoz]zo :

[HSOA] , [CH3OSCBT —, [CZHBOSMBT , [ATC 4], | 72,
[HCOB] , [NO2] , [N®B] , [sH4]2 , [PO4]3 , [HPO4]2 ,
[H2PO4] , [HSGB8] , [@Qud 2] , A , Br , F, and any

f | uSh¢ rrempgsiinhoref Heubvermne thaanbe myepdred My ny ewonivement

meth&&%f’ llnm%:@%ﬁ#&ﬁé@%?‘]e de CFB%{?&%%? an appropriate

corlt4ifdr3&GA)2ddvide thatCkSsvtEd) at@bsorplibir &sildratiordéMtld: -

Additives, such as lubricants, corrosion inhibitors, stabilizers, dyes, and other
appropriate materials may be added to the compositions of the invention for a variety
of purposes provided they do not have an adverse influence on the composition, for

their intended applications.

The refrigerant pair compositions are useful in the execution of an absorption
refrigeration cycle. A schematic diagram for a simple absorption cycle as applicable
in this invention is shown in Figure 1. The system is composed of condenser and
evaporator units with an expansion valve similar to equipment used in an ordinary
vapor compression cycle, but an absorber-generator solution circuit replaces the
compressor. The circuit maybe composed of an absorber, a generator, a heat

exchanger, a pressure control device and a pump for circulating the solution.

In order to evaluate the performance in an absorption cycle of a refrigerant
and/or an absorbent, thermodynamic property charts such as temperature-pressure-
concentration (7PX) and enthalpy-temperature (H7) diagrams are used. These charts
correspond to the familiar PH (pressure-enthalpy) or TS (temperature-entropy)
diagram in the vapor compression cycle analysis. However, the use of these charts is
adapted to the particular case of an absorption cycle since vapor compression uses a

compressor, where the compression process is theoretically a single isentropic path,
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hi anot her enbodi ment, ionic |iquids nmay conprise a
cation selected fromthe group consisting of

W@esdsa2sum  pyridazi ni um pyrimndinium pyrazPei/usz006/004230
i m dazol ium pyrazolium thiazolium oxazolium and

f an_ani o ect from
RSP U A BTl
SaH3esaR] 1o @oBlved, [ HCGZ] ,
and[slf[l(vﬁ] : [Sm}ingm:iw[)POiﬁ}sgs?l{e[ HPO4] 2 , [H2PO4] [HS(IS] :

[Cud?2] , ], Br'" , I , and any fluorinated anion.

yet TROGIENSF 78GR he'v%Pblccéﬂé@%sg@} E[ﬁéie Q%) ggx{sltrﬁgteg using

cation selected Tromt oup nsi
eqt]@ypnsﬂcpfrﬂtajﬁ{E@S} ad@manyuhq pep&)rmmodland umthemﬂodynanmu Wroperties

d
can % SEE el DR R et it ehfiton ik abosipden extiedre peally
malld By@g&ﬂ@ceﬁ Qﬁﬁbﬁhbﬂ Qg%zftm[n@':&hch A EEBLd 1o lexbEfhental solubility

CF3S ‘CF3HFCCF2SG8]
anc{ haticrergta for[ S(O@WEWIGS;, WHileFB8GRpBLChhase properties are

ca SRRl s 08, DR B ST e OBt

usu@g)ﬂﬁb&ht;a‘lgohﬁlom(bﬂéh called a@t‘ixﬁtyd?iﬁioﬁbld NeBY, Y Mgt UNFatouh,
i m dazolium pyrazolium thi azol i um

M. Sﬁ‘égfé‘hﬁ{)’:@aﬁd [Renewable Energys 1883133 2b o BhattwieSei at ad{Heat
Redo%%l S{¥En 92R§g 2%49%2 3¢k REr %O'Wrdtn%eibbott M. M.

and an ani on se ectetd Trom gr oup “consi's

[Clgis{caHTbgR]odyhiSaith of N@HBEEEBte SoluGaids ARE3Ap lldaﬁbﬁ #l Phase

eq%i%]zl%&,[ %ﬁﬁl%&#}c’]\phmekeﬁ?@% rrl[oggg]a?e limited in

their use to temperatures well below the refrigerant critical temperature, and modeling

solutions at high generator temperatures may become invalid. The combined use of
empirical fitting equations or partially correct equations with the gas phase EOS may
not always be completely consistent. Thus, it is desirable to model the absorption
cycle process with thermodynamically sound EOS. By the use of EOS, even above
the critical temperature of refrigerants, thermodynamic properties can be correctly

calculated.

Although modeling refrigerant mixtures with EQS is familiar, refrigerant and
non-volatile compound mixtures are traditionally treated with empirical correlation
models by air conditioning and refrigeration engineers: e.g., refrigerant-lubricant oil
solubility. One of the difficult problems in using EOS for such mixtures is
determining how to set up EOS parameters for non-volatile compounds without much
information about the critical parameters and vapor pressure data. We have overcome
this problem, however, and have successfully applied EOS models to refrigerant-
lubricant oil solubility data, as more fully described in .Yokozeki, A. [ Proc. Intl.
Compressor Eng. Conf. at Purdue, 1994, 1:335-340]; Yokozeki, A. [Intl. J.
Thermophys., 2001, 22:1057-1071]; and Yokozeki, A. [Applied Energy, 2005,
80:383-399]. Similar EOS models can therefore be used herein to calculate all
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[Qud2] , A, Br, | , and any fluorinated anion. In
still another enbodinent, ionic |iquids may conprise a
we 2106084262 | ect ed fromthe group consisting of PCT/US2006/004230

pyridinium pyridazinium pyrimdinium pyrazinium

0 xazol
theb o BEf WipeRKS FeRuL 1 A6 Ui QAR oL IR, Rty of e
refi@cRints E&iﬂ i0R®, ligkdds dischowsdd %rmmmﬂ%oﬁt}ona?dlemlﬁgéﬁm
selected fromthe group consisting of [BF , [ PF6] ,
[ SbF6] , [CF3S@3]-, [HCF2CF2SMB] [CFSHFCCFZSQB] :

[ HCQ E&Fe%écﬁkdhchm@%éé@{(?'\ﬂeyﬁbo%é %Eo%ﬁs L?F%ESQ(EOS)

, . In still anot nrc
(Shgﬁett,ﬂ‘é Bn\aedlthﬂmzdayAcc[hnﬂr iBng. UMedﬁZRszl l0®5@s44tm3 -4464]) is
oa and anlo P forom the group consisting

em%Py‘f‘%%z{fm F é*“]W“ 0[ ', [ HCF2CF2S08]
[ CF3HFCRF2SBY¢7) [ HCC FCFZSGS] , [(CR3S) 2N _
[ (CF eﬁggsc&] . | -butyl -3-methyli m dazol i um1)
as the’ca |J/era an anion selected fromthe group
consi sting of [EEA}] , [PF6] ] [SFEE:]CI FCE:SEI&%CB] ,
[ i@@j 1 2
[(CF3S2) 2N] , [A CF3 )3C] , [CR3C2] ; @)
| - butyl -3-nethylim dazoliumas the cation and [BF4] or
[PF L Assdsydani on; | -propyl -2, 3-di nethyl i ni dazol i um

ﬁe catl op and [(CFSSOZ)ZN] , [(CF3S2)3C] as the 3)
an| on; or 1,3-dioctylimdazoliumor I|-octyl-3- _
Thmmbwatmdag@uemmﬂthea @atan@erdthd EOSESr Hil BRIpBAds is

modeled by the following empirical form (Yokozeki, A. [Intl. J. Thermophys., 2001,
22:1057-1071]; Yokozeki, A. [Applied Energy, 2005, 80:383-399]; Shiflett, M. B.
and Yokozeki, A. [Ind. Eng. Chem. Res. 2005,.44:4453-44641):

ofT)= Z ﬂ;{—T——:—T-)k : | @)

The coefficients, 5, are determined so as to reproduce the vapor pressure of each

pure compound.

For absorbents, however, usually no vapor pressure data are available, or
vapor pressures are practically zero at application temperatures, and furthermore, no

data for the critical parameters (7, and P,) exist. The critical parameters of

absorbents can be estimated by methods such as those described, for example, in
(Reid, R. C,, ef al. [The Properties of Gases & Liquids, 4t Ed., 1987, McGraw-Hill,
New York]). Using a method based on Reid et al, estimates of critical parameters for
high boiling-point compounds are sufficient for correlating solubility (P7x) data. On
the other hand, the temperature-dependent part of the a parameter for absorbents is
significantly important when we try to correlate the PTx data of refrigerant-absorbent
mixtures, although the vapor pressure of absorbents is essentially zero at the

temperature of interest. Here, a(7') for an absorbent is modeled by only two terms in
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M xtures of ionic liquids are al so useful for

achieving a desirable | evel of absorption behavior, in
w@asbiogubar if a mxed refrigerant is used i n PCT/US2006/004230

conbi nation with absorption equi pment. The invention

| g oy L 0 i’
oq B g ligy 18 30 CRTRE R bR BRI S (A48, e 1
Thedntophed.] 2001022 08 1@F1]).1 uor ocar bonsel ected from t he

group consisting of difluoronethane (HFC 32),

pent,af | Lbr@et Kahe (VHF][%-]l2§)O, 1,1, 2,2-tetrafl uoroet han?

( HFéif 134) . 4; %, 1, 2- thg r % T Uor oet hane (HFC- 134a), 3)
1,1, 1-tr{fl udroet hane (HFC 143a), 1, 1-difl uoroethane

(HFC- 152a), pzuorﬁ t hane (HFC-161),
chl en@yE=hys efret gne (HCFC- 22) , (6)
di chl or odi f | &dr ofet/hane (CFC-12), perfl uoronet hane

(FC-14) and perfluoroethane (FC.1 16); and at | east
The,peeffiginnicf) inra @vilkbs eqteshascan adiustable Giting paeaimaber. a

cation selected fromthe group consisting of

pyridinium pyridazinium pyrimdinium pyrazinium

| M GB&0 | thd Nanl Y EAh ) fof Eé&%ﬂlN-H@anMﬁ ik thRsBRE modeled

triazolium and an anion sélected fromthe group

in tenmsi ot bingtyofntgBFtin parppRBYs (Ypliwei, A. [APSIBABEnergy, 2005,

) : [CF3 253 2 )
500 ERS R IRg M- [ (PASEBY AR - (rg-bes £hort, Rl 005 asa-
44629)ypekich i 1985 bERyegariet S@da atodighd ivgar ad! Weald Berthelot mixing
Refrigerant pairs of the invention may have the
formgla owi ng conposition. Conpositions conprising at
| easf one refrigerant and at | easjt{zzgpe ionic liquid
s Jaa, (1- (DY, oxn ;= 0.427480~—a, (1) 7

i,j=1 ci

f(T)=1+z',.j/T, where 7, =7, and 7, =0 @®

ji>
N

1 RT,
b :52(27, +bjxl—m,~j )xixja bi = 0.08664 PC' , where ml.j = ’nji’mii =0 (9)

ci

i,j=1
T, : critical temperature of i-th species.
P, : critical pressure of i-th species.
x;: mole fraction of i-th species.

In the present model, there are four binary interaction parameters: l,-j , 1 ji» My, and
t; for each binary pair. It should be noted that when lij =1j ineq5and 7, =0 in

eq 8, eq 7 becomes the ordinary quadratic-mixing rule for the a parameter. The
present EOS model has been successfully applied for highly non-symmetric (with
respect to polarity and size) mixtures such as various refrigerant/oil mixtures
(Yokozeki, A. [Intl. J. Thermophys., 2001, 22:1057-1071]) and ammonia/butane
mixtures (Yokozeki, A. [Refrigerants of ammonia and n-butane mixtures, Proc. Intl.

Congress of Refrigeration, Washington, D. C.}; Equilibrium™, 2004, 3:20-24).
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conprise fromabout 0.05 to about 99.95 nol e percent
of a refrigerant over a tenperature range fromthe

W eooplogs2pDi Nt tenperature to the critical poi NPCT/US2006/004230
tenperature of the refrigerant at a pressure from

vacuumto the_critical ssure of t erefrrg f? . ILn
anof AePhasaisawilikEnm (sely ictacb‘ 1003, 185 fugeryy seetfigigat 4; for
one refrlge ant  and_ at one i onic I| uid may

@&?B?H%‘E 5 %fb?‘ﬂjitd%“’id th mtsenégu@nﬁ[gp per cent of
a refri over ate eraturer inge, fr triple
In ornqntgé er ito thé%riticdl 4@4 ure of
'he reRfi\gerfant ¥atba pRBEGsube DRA: Wacbum oVthée
critical pressure of the refrigerant. For exanple,
com()};@r tions conprising HFC-32 and ionic |iquids may
om about 0.1 to about 99.9 nole percent of
Bfmg\‘f ar%rgivgprg)erature range from-136.8 to 78. 1C
at @ pressure fromvacuumto 57.8 bar. Conpositions
b1 CO ' siJr%g;( FC— %55 fgnd ionic liquids may conprise from
iab i 9.9 nole percent of HFC 125 over a
t emper at ure range from-100.6 to 660C at a pressure
froraléacuum to 36.2 bar. Conpositions conprising
HFCA134 and ionic liquids may conprise fromabout 0.1
to about 99 9 nDIe pgr ceny, .0 -134 over a
vt_e% PRl 119.1 OC at a
@ r'e f’r m \/acuun(l}ixx *419“9 bar| Conposi tions
conprr sing HFC 134a and ionic liquids may conprise
frofiabout 0.1 to about 99.9

A thermodynamically derived function relevant to the present study is an enthalpy

(H), which is given, in a general form:

N

T da 14 PV RT? db
H= Coxdl+| 2222 +RT -1)
Jz Pt (b de)anLb (RT V—bdT

i=

(13)
where C is an arbitrary constant, which can be any value of our choice but must be the

same constant for any component mixtures within the system in question. The ideal-
gas heat capacity for each compound C’g,. in eq 13 is modeled with a polynomial
form:

Co=Co+CT+CI*+C,IT".

(14)

A schematic diagram for the equipment in a simple absorption refrigeration
cycle system suitable for use herein is shown in Figure 1. The system is composed of

a condenser unit and an evaporator unit with an expansion valve similar to an ordinary

vapor compression cycle, but the compressor unit is here replaced by an absorber-
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nol e percent of HFC-134a over a tenperature range from
-103.3 to 101 OC at apressure fromvacuumto 40.6 bar.
W@E0Up084262 ons conpri sing HFC~143a and i oni ¢ | i PCI/US200@§04230
conprise fromabout 0.1 to about 99.9 nole percent of
- . . r re.range from-111.8 to 72.7
gerlgty Sotficht Rirofts, SR, Bhdnor sh7 “snipbl ookt ! Heat
exchenger,i spragutddentrob@adaiik) vaRie anll b Goivtion miquidqufgf. i se
fromabout 0.1 to about 99.9 nole percent of HFC-1 52a
over a tenperature range from-118.6 to 113.3C at a
pre : . . e .
O e e B e Ces 10 e AR orp A L B o R P B n
Figatzolugre @atleted 89olimyve Per oertll enefdyi ighamsigives: at | east
one jonic |Liquid are shown in the follow ng table,
al oflg "We home i@ e point tenperature, critical
poi at tenperature and critical point pressure of the
ref i%erant:The conpositions of the invention may be

FroB BRM £ BaBRYe HARY SNRRE of‘géd%f’eﬁor WaGlpdi ng m xing or
conbi ning the desired anounts I 'n an appropriate
conwak nem, em, e, A device that executes an absorption
refrigeration cycle. Additives, such as lubricants,

corfléki on inhibitors, stabilizers, dyes, and other

ropri.ate materials ma e ded to the conpositions
andg;gpstﬂﬁg"1fi‘?§\f"e‘ﬂf‘§s" O‘Y“é?teéat%f{lr}'r) %St‘%%é‘fsg BYr poses provi ded
they dg not pave an adverse influence on the
congost+Ei-on—%-or, their intended applications. The
refri gé ant,; padir conpositions are useful in the
exe(cl%i on of an absorption

where x is a mass fraction of an absorbent in solution, the subscripts @ and g stand for

the absorber and generator solutions, and m, and m, are mass flow rates of gaseous

refrigerant and absorber-exit solution (or solution pumping rate), respectively. This

flow-rate ratio f* is an important parameter to characterize the system performance.

When we assume a heat transfer efficiency of unity in the heat exchanger unit,
the energy balance equation becomes:

Qh E(HZ —HS)(ms —mr)z(Hl—H4)ms _Wp’
(18)

where H is an enthalpy, the subscript numbers (1, 2, 3, and 4) correspond to the
locations shown in Figure 1. From eq 18, the generator-inlet enthalpy, H,, can be
obtained:

Hy=H,+(H,-H)1-1/f)+W,/m,.
(19)

From the energy balance around the generator, the generator heat input, Q,,is

given by,
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refrigeration cycle. A schematic diagramfor a sinple
absorption cycle as applicable in this invention is

W@ baemns422 Fi gure 1. The systemis conposed of PONUS08€004230
and evaporator units with an expansion valve siml ar

to ui nt d in\an,ordinary vapor conpression
cycggf‘gg%f5$¥§§%6Vﬁ i~ Gefier at or sol ution circuit
repgﬁzes the conpressor. The circuit nmaybe conposed of
an orber, a generator, a heat exchanger, a pressure
By eRfidafhg d2V 68 BRGqRatRiHWith % 19] 20 Sl G 1iR as;
solution. 1n order to eval uate the perfornmance I n an
absg@phianﬁ@qugf@ﬂyﬂjneDLnthapt and/ or an absorbent,
t her modynam ¢ property charts such as
t engay at ur e- pressureconcentration (TPX) and
. enthal py-tenperature (HT) diagrans are used. These
Singlaglyt e i’@%’fr@ﬁi&mnﬂb@ ahsertieand)) i iagiver by,
(pressure-ent hal py) or TS (tenperature-entropy)
diaékéﬁ%Fﬁﬁ%%@“ﬁbbéb’Uﬂnﬁression cycl e anal ysi s.
Fbw&&er, the use of these charts is adapted to the
par 2tul ar case of an absorption cycle since vapor
CoffRHIR: 358 bPiholRGhAGRABAR ARRL floWhRk chibigycaEpr essi on
process is theoretically a single i entrgplc
pat 8, Whj e[t hdl absorpti on cycl e enpl oys the so-call ed
gener at or - absorber solution circuit, and severa
t he@dbdynami ¢ processes are involved. The PH or TS
di agram i n_the, vapor conpression cycle is constructed
usi g @qUQ?TB%Q'of state (EOS), and the cycle
per fnance and all thernodynani c properties can be
cal Cul ated. The thernodynam c charts for the

Theab#RrsPiteRpivemenddrie dosined bya heat ratio,n, (output power divided by
input power):

0,
0, +W,

77:

However, the solution pumping power, W, , is usually much smaller than 0, , and it

is customary to use a COP (coefficient of performance) defined as:

cop=2 .
O,
(25)
This can be expressed in terms of A and f;
COP = H, —H, :
Hs +H3(f_1)_H4f
(26)

Enthalpies at all locations and solubility in the absorber and generator units are
calculated in a thermodynamically consistent way by use of the present EOS model

discussed above.

EOS parameters must be established. The pure component EOS constants for

refrigerants in the present study are based on methods such as those described, for
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made by enpirical correlation equations, which are
fitted to experinental solubility and heat capacity

W@ 2108/084252 sol uti on properties, while the vaporP@EHES®06/004230
properties are calculated with the refrigerant ECS.

examg}%ggjﬁlgglg%g}(l 20 {I%.ﬂi g ﬁlh(en{;%{phg'g P?fé ?rZCl@rSW 61'0@1]&‘ daddsY dﬂ@)zekl,

activity") nodels
A. [%%E%Hran of SatmeniaFaad u(hbuﬂhhe amdktides,t Byoc. Sintls, Congress of

Remgéﬂemn Ryggugtgg,%sﬁé];%éu 819%005 ? %%42%}5 ateNggtec? i)
Examgile N, T2 0?9{) géléctf:&/lab%rbér% 2%l Githcal parRAE afave Deen

utions wth Applications to Phase

eShmEEHgI fdh c?réhp d&ﬁibuti‘dn@la:ha&dl kshigh Neﬂwosmii%]n)lbeq,@%@@fnp e, In

els are | d
Reidal . 10T roneties GEraes (1 H9dS % ool o g AR -

n I
v R 81 Ol %?%gﬁizé‘%ﬁﬂem@szfm?fﬁ e
paraf@4Rfop ggs@mghammg oinurlcsgls e qhlees BRI forforgifing
ase ma
sotulfnetats (Cogrheenr Dol TneRiudE B £ fBPEIg B However,

the g; 8%%%&\{'\”1111 Iaq teh el AR %&‘I‘é@ éhﬁﬁér)’ls&ﬁbgiéatﬁ(ﬁlpowmd‘l endsall be

even above the critical tenperature of

treatb@hd 4 érgﬁfri @é.ﬁb‘ie phB@leEp dytha nmalyfis oﬁbmar}e@hdahtytﬂ@ta
correctly calcul ated. Although nodeling refrigerant

m xtures with ECSis famliar, refrigerant and

) SRR1d LR CHARALA Bod %er%s)v
culate! B BOK! &g idedingak lhyat capacit
Er\%ﬁ% errplrlcaB} rrelation s pat capactty
for each pure compound is needed as a function of temperature: see eq 14. The
coefficients for eq 14 are listed in Example 1, Table 2, where those for absorbents
have been all estimated from group contribution methods (Reid, R. C., et al [The

Properties of Gases & Liquids, 4" Bd., 1987, McGraw-Hill, New York]).

Solubility (VLE: vapor-liquid equilibrium) data of fluorocarbon / ionic liquid
binary mixtures is analyzed next in order to determine the EOS parameters for

mixtures. The four binary interaction parameters, Zij, ) ji» M and 7, and the

absorbent [, parameter for each binary pair have been determined by non-linear least

squares analyses with an object function of relative pressure differences. The results

for selected binary mixtures are shown in Example 1, Table 3.

Using the EOS parameters for the present refrigerant/absorbent pairs, any
thermodynamic properties for these mixtures can be calculated in a

thermodynamically consistent way.
The performance of an absorption refrigeration cycle may be based on a

simple, typical cycle as shown in Figure 1, and the present theoretical model. Here,

the pumping power W, is neglected, since it is usually insignificant with respect to
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nodel s by air conditioning and refrigeration

engi neers: e.g., refrigerant-lubricant oil solubility.
won@ens426he difficult problens in using ECS f oPCHUSIW06/004230

m xtures is determning howto set up ECS paraneters

otk ocPRAE ¥y | B, ROER P, SR BHE B P Pl e mot

expligithyavstedver cone this problem however, and have
syccessfully applied ECS nodels to
(D) Texexs igdioanedsiisrdren st conectEglings i ty data, as nore

frtg] ol [ j: i | ptl L

) G ¥EREE A YRGEHbm (e copfe 1o Beevpmtor s fso-
Yothalpidkias ubuallyl duink in Japor Theapresgiby sycle 201@dlations. The cggdition
22:1057-1071]; .and Ypkozeki,. A [Appljied Energy,. 2 ,
@gP%’é‘g-;é@%}g.Jr%il 2?%1599 BEROTHLIS YR ¢ P’@Pb&%" peing zaily 7=
herein to calculate allthernodynanic properties

consistently for use as an indicator of the utility of
(3)tThe cosflitiogeat Foirg Gisda rafrigeranti byhiblks pofint ehd thede emesubcasled

: . l. .uid irs. A. [
G TR R PR, o R disel 8 Piticatedstatg o pure
cEaBrahShith Iret ., bhd B=BNd Yokozeki, A [Ind. Eng.
Chem Res. 2005, 44:4453-4464]) is _enpl oyed herein,

(4) Rgsswres 4n \ihe condenser entb theopénsvitery (For and B,) ate the) sane, mnd
gﬁﬂélé’fﬁ) esagmgto? add 91§360§§ér presglg’rzas (Peve and P,) are equal.

(5) The condition at Point 3 (solution inlet to the absorber) is a solution’s bubble point
specified with the absorber pressure (P,) and a solution concentration of the
generator (xg).

(6) Temperatures in the generator (T, ), absorber (7, ), condenser (T, ), and
evaporator (7, ) are specified as a given cycle condition.

(7) The refrigerant gas flow rate (. ) is set to be 1 kg- s™', without loss of generality,

and the insignificant absorbent vapor is neglected.

The first step of cycle calculations is to obtain P,,, and P,,, as saturated vapor
pressures of a pure refrigerant at given temperatures using methods such as a Bubble-
Point P routine as described, for example, in Ness, H. C. V. and Abbott, M. M.
[Classical Thermodynamics of Nonelectrolyte Solutions with Applications to Phase
Equilibria, 1982, McGraw-Hill, New York]. Then, using methods such as a TP
(Temperature-Pressure) Flash routine as described, for example, in Ness, H. C. V. and
Abbott, M. M., supra) absorbent compositions, x, and x,, in the generator and
absorber units are calculated. This provides f (flow rate ratio) in eq 17. The
thermodynamic properties at Point 3 are determined from the assumption (5) using
methods such as a Bubble-Point T routine as described, for example, in Ness, H. C. V.
and Abbott, M. M., supra. The enthalpy at Point 1 is obtained from eq 19. Enthalpies
at all other points are calculated with known T, P, and compositions. Thus, the

necessary quantities for the performance evaluation can be obtained using the listed
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Pc The tenperature-dependent part of the a paraneter
in the ECS for pure conpounds is nodel ed by the

w0 odobosd2ery enpirical form (Yokozeki, A. [Intl.PCOI/US2006/004230
Ther nophys., 2001, 22:1057-1071]; Yokozeki, A

engnfl Q{]@Y IOE%'%IEEE? r%%male%%S%ﬁ 31(1)6 %ﬁegﬁr]ﬁgﬁeéfy‘g@}lrsgrrlest etu’e sl\lélmnl?érized in

Exaifl6, I, 4PatAet Z3wAth Ot dctedT irrmodfifaiit @bstitidd, whefeSthe specified
determ ned so as to reproduce the vapor pressure of

tempsraiirgs {08 theswsdruernditsyareizd loentls / ThoweP8r 40430410 YC, and

m. 89 or pressure data are avail able, or vapor
-

pressures are practically zero at application
tenperatures, and furthernore, no data for the

itical net er.s c.andP c ). exist. The critical
Eglrﬁﬁ%&l%?”%ﬁsfam(é%@se@ﬁ%gg%tmg Wl HePflally have
oo Yo ARplelaP RS ShOREth El AP EXSTRIE Sorbhiififon. i e case
of WHg/H,OMI@r absettieht H,Oldws ¥aokjnegligiblengppar prshime abtieegbnemntor

Rei d. . t i.nat f it L. f .hi gh
i i greptib e p el ISR daeai e SRR ER i s repkied B g to
sepa@td it kdfti¥eramTFomdBEGbeddide 10 i refAD Sud}, Ree have neglected

tenper at ure-dependent part of the a paranmeter for -
suchsotibshesd a8 etgrpdwes aaquiteniemporEhast thateatculated PR &5 over

cSAEEKE! e 5T 8 8l LA SL S ABEETBR et o
devebpedtthal EQSzeaiodeRt Id&ad, we have employed empirical correlation
diagrams for the thermodynamic properties (see, for example, Stoecker, W. F. and
Jones, J. W. [Refrigeration and Air Conditioning, 1982, McGraw-Hill, New York,
pages 328-3501): temperature-pressure-concentration diagram and enthalpy-

temperature diagram.

Although cycle calculations for an absorption refrigeration cycle may be
obtained in a manner that is relatively simple and straightforward, particularly by the
use of the present EOS, understanding the results requires a different approach from
that used in the case of an ordinary vapor compression cycle. In the latter case, a high
pressure/temperature refrigerant gas is produced by a vapor compressor, where the
thermodynamic process is theoretically a single isentropic step: inlet and exit
enthalpies of the compressor are sufficient for describing the compressor work. In the
absorption cycle, however, the process generating the corresponding high
pressure/temperature gas is complicated by the fact that enthalpies at several different
locations as well as refrigerant-absorbent solubility differences at the absorber and

generator units (related to the f'value) must be known, as seen in egs. 17, 21 and 22,

The condenser and evaporator performance is the same for both cycles at
given temperatures, and may be understood based on the latent heat of vaporization
(or condensation). In general, the refrigerating effect is the latent heat at the

evaporator, which increases with an increase in the temperature difference between 7
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tenperature of interest. Here, a(T) for an absorbent
is nodeled by only two terns ineq 4, as applied for
W0 b@oose2 of refrigerant-lubricant oi | m Xt ur eBCT/US2006/004230
(Yokozeki, A [Int. . Thernmophys., 2001,

1071071 eff|C|en . e Ll
amﬁi"ewn od'% 5&9 %ﬁ%ﬁﬂ@w § e fon A arieia il higher
T,.the a@@ﬂﬁmblﬂﬁf mrewenfz Hea EIMR6B is ToéneANP ARG Mudh WifBsent

are nodeled in terns of binary interaction par amet ers

amoi® kefrighiants /4t theippoiling poiat Gy, f@@@@y fggn 383- ‘3@196} the specific

latﬁg 3hea§e &%%@N(l)ail 209 and 1%%15(& %jki‘fer\elzﬁ Po a l%rgg dlgg o ma gnolar
magseBD AT Hes € dact@® diﬁ rexylidd $arBe difigbmdes ﬁh >thé1 dalt@lated| R frigerating

a(T) (7) /I (M=l+y IT, wherer.. =Tt andr , =0 (8)
POWE f{rﬁomgoryﬁlgeﬁaqt%m@(awlglomfi , where mni ,mO
(9) i, T : critical tenperature of z'-th species. Pci

critical pressure of z-th species.
A useful absorbent is, in general, a compound that has high solubility for a

refrigerant and also a very high boiling point relative to the refrigerant. As an
example, the systems used herein include HFC-32 + [bmim][PFs], HFC-32 +
[bmim][{BF,], HFC-134 + [bmim][PFs], HFC-134a + [bmim][PF¢], HFC-152a +
[bmim][PFs] and HFC-125 + [bmim][PFs], which have COP/f values of 0.385/7.35,
0.330/6.41, 0.348/4.38, 0.254/10.66, 0.300/13.27, and 0.128/16.49, respectively (see
Example 1, Table 4). The solubility curves for these refrigerant pairs are shown in
Figures 2 to 8 at constant 7" of 10, 25, 50, and 75°C. Indeed, the good solubility at the
absorbent-rich side, which is indicative of concave-upward or near linear vapor

pressures, corresponds to good performance.

Based on COP/f, the refrigerant + ionic liquid pairs can be ranked in order of
preference for replacing H,O/LiBr and NH3/H,0. Ideally the COP 1s high and f factor
is low. Based on this criteria, the most preferred candidates are HFC-32 +
[bmim][PF¢], HFC-32 + [bmim][BF4], HFC-32 + [emim][BEI], HFC-32 +
[pmpy][BMel], HFC-32 + [dmpim][TMeM], HFC-32 + [emim}[BMel], HFC-
134 + [bmim][PFs]. HFC-32 and HFC-134 are the preferred refrigerants to combine

with fluorinated ionic liquids.

HFCs in general are preferred as the refrigerants for use herein because they
have no ozone depletion potential and low global warming potential. In particular,
CFCs and HCFCs can deplete the ozone, and FCs have higher global warming
potential. Among the HFCs, 134, 134a and 125 are all non-flammable, and those
HFCs that are flammable (32, 143a, 152a and 161) can be mixed with nonflammable
HFCs to make a nonflammable mixture. As noted above, among the HFCs, 32 and
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L:,. : nole fraction of z-th species. In the present
nodel , there are four binary interaction paraneters: |
WQ 2006/084262 and y for each binary pair. It shouPdI/b82006/004230

noted that when | =1lbineq5andt =0ineq 8, eq?7
13 RN Fob Vol DEals BT RRYe e e A O e ln o fy pa

134pl bethosigprefeirgth bycansmit syatsehdri-Gaimiable. r espect to
pol arity and size) m xtures such as various
refrigerant/oil m xtures (Yokozeki, A [Intl. J .

Theraophw esnm%QQ)%’thlg %w%gég 3(912 e r@ﬁ‘%e %ﬂ‘sat{h%gg $rclude

m xtures (Yokozeki, A erants -of ahmoni a
at leagiuonm ecfirgsnot e@ect@t dfmm Ithrt Igrm(ﬁo nq[mmgocﬁf hydrofluorocarbon,

by deo TSt Son eictoRud e fhirofbonoNtsi £ by Mo s B,

Ar qa;o: ahatbeTorihiied By&@@arban 6a&%téd ﬁbﬁﬂhe bou Lonsidilk of Cito
npound i s needed and derived for th ent m

Cy ﬁtll_'ﬁléht-((hﬂgl) byanehes ¢r cyglic alkan@s @dv(élntotg‘q st(alrght(cha)x b’ranched or
oychiDSUTRCH A6 MakVorfh b Al " The Shid Ram ARy { LS, a cation
sel@ﬁtﬂﬁlﬁaﬂm fthe ﬂgro(qi Jonsisting of pyridinium, pyridazinium, pyrimidinium,

pyrazinium, imidazolium, pyrazolium, thiazolium, oxazolium and triazolium, and an
anion selected from the group consisting of [CH3CO,], [HSO4], [CH30S0s],
[C:HsOSO5], [AICL], [COs”, [HCOST, [NO.T, [NOs], [SO4]”, (PO, [HPO,J%,
[H2PO,4J, [HSOs], [CuCLJ, CI, Br, I, and any fluorinated anion. The cation and/or
the anion may be fluorinated. Fluorinated anions may be selected from the group
consisting of [BF4]’, [PFe]’, [SbFsI, [CF3SO;3], [HCF,CF,SOs], [CF3HFCCF,S0;T,
[HCCIFCF280s], [(CF3S02),NT, [(CF3S0,)3CT, [CF3CO,T, and F~.

The compositions of this invention comprise refrigerant pairs that may include at
least one refrigerant selected from the group consisting of HFC-32, HFC-125, HFC-
134, HFC-134a, HFC-143a, HFC-152a, HFC-161, HCFC-22, FC-14, FC-116, CFC-
12, NH3, CO;, Ni, O,, H,, Ar, H>O, methane, ethane, propane, cyclopropane,
propylene, butane, isobutane, isobutene and at least one ionic liquid. In another
embodiment, the compositions of this invention comprise refrigerant pairs that may
include at least one refrigerant selected from the group consisting of HFC-32, HFC-
125, HFC-134, HFC-134a, HFC-143a, HFC-152a, HFC-161, HCFC-22, FC-14, FC-
116, CFC-12, NHz, CO;, N, O, Hp, Ar, H,O, methane, ethane, propane,
cyclopropane, propylene, butane, isobutane, and at least one ionic liquid having at
least one fluorine. In still another embodiment, the compositions of this invention
comprise refrigerant pairs that may include at least one refrigerant selected from the
group consisting of HFC-32, HFC-125, HFC-134, HFC-134a, HFC-143a, HFC-152a,
HFC-161, HCFC-22, FC-14, FC-116, CFC-12, NHs, CO,, Ny, O,, H,, Ar, H,0,
methane, ethane, propane, cyclopropane, propylene, butane, isobutane, and at least

one ionic liquid having a cation selected from the group consisting of pyridinium,
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where Cis an arbitrary constant, which can be any

val ue of our choice but nust be the sane constant for
wa@eysosnpnnent m xtures within the systemin qQREBUSZING/004230

The ideal gas heat capacity for each conmpound Cpi in eq

13 1 s nodel.ed.with a pol ynom.al..for.m =C+ C.T +_.
pyriGeh il 9ol BB Bt A, Prpeqipln, indotium,
oxa@6flitir AR tridz0lidmSiks dpfigedadd®oe.pt i on refrigeration cycle

system suitable for use herein is shown in Figure 1.

The systemis conposed of a condenser unit and an

€Y ARG Al Bfhet NrdibdMidnfnt? %@X%g@sﬂ{bng a{)f’ %R?si W eRiod Cccdbrise
ordinary vapor conpression c e, but the conpréessor
refrigerdnt iphireethet meplindede by last alxs esftigergenadatat fival td gdup

Clr.cui i ch_has vapor. rber,_a gas generator
congisfig ot BEEhdBHC- 135 N ECa e et ont ¥0i HRCotiier BT - Loy BFC-

a 86| HElan e 1A 1. tNr.C C
G128 E FC- A8, G I NI COE ey, B RO,
ethaigpwropiane, Riyglopeogbner propyleed, doita, fsoblitans,. antiha least roak lionic

o e P SpEEte o e g 0 pruio TS gL R B, ry@ Qesinim,
pyrB@MB Ul $razidBm; iHfidaz8Bum, pyrazolium, thiazolium, oxazolium and

triazolium as defined above, wherein at least one of R;, Ry, Rs, R4, Rs, and Rg

methane,
e

comprises F'. Anions of the ionic liquid may be selected from the group consisting of
[CHsCO.J, [HSOsJ, [CH30SOs], [CFsSO;], [CHs08Os], [AICLT, [COsP%,
[HCOs], [NOoJ, [NOsT, [SO41%, [POL), [HPO4*, [HoPO.], [HSOs], [CuCL], CL,
Br, I, and any fluorinated anion. In still another embodiment, the compositions of
this invention comprise refrigerant pairs that may include at least one refrigerant
selected from the group consisting of HFC-32, HFC-125, HFC-134, HFC-134a, HFC-
143a, HFC-152a, HFC-161, HCFC-22, FC-14, FC-116, CFC-12, NH3, CO,, N3, O,,
Hj, Ar, H,O, methane, ethane, propane, cyclopropane, propylene, butane, isobutane,
and at least one ionic liquid having a fluorinated anion. The fluorinated anion may be
selected from the group consisting of [BF,], [PFe¢], [SbFs], [CF3SOsJ,
[HCF2CF2S0s], [CFsHFCCF,S0s], [HCCIFCF,SO0s], [(CF3S0,),NT, [(CF3S02);CT
, [CF3CO,], and F.

The compositions of this invention comprise refrigerant pairs that may include
at least one refrigerant selected from the group consisting of HFC-32, HFC-125,
HFC-134, HFC-134a, HFC-143a, HFC-152a, HFC-161, HCFC-22, FC-14, FC-116,
CFC-12, NH3, CO,, Ny, O;, Hy, Ar, H,O, methane, ethane, propane, cyclopropane,
propylene, butane, isobutane, and at least one ionic liquid having an imidazolium
cation or a fluorinated imidazolium cation and an anion selected from the group
consisting of [BF4]", [PFs]’, [SbFe], [CF3SOs]’, [HCF.CF,S0;], [CFsHFCCF,S0s],
[HCCIFCF,SO0s], [(CF3S0,).NT, [(CF3SO,):CT’, and [CF;CO,]".
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(16) and this provides a mass-flowrate ratio, f
defined by: ntr x g - x a (17) where x is a nass

wo ea@evsam2 of an absorbent in solution, the subBCI/U§1086/604230
and g stand for the absorber and generator sol utions,

and nmr and ns are nmass fl.o t ) .
r ef FhgeaResiens ofilis F%Véim-l%‘\iiv F{I%@%%J?&&%?%ﬁgﬁ%ﬁhﬁ gy include
at M&pb&gré'fﬁ%&)ant EASREE tHoWE e gpaﬁbsccfrﬂsﬁﬂh% JreTretizo/HEG 125,

an | nportant paranmeter to characterize the system
HRget ¥4 HECd 844, MEG- MB2,aHEGrkS2a, HELH1G]; dHSFE@22e -4, dfeyt 16,

f.unity in the he XC ger..unit . the ener
Cba) AN Vo P S e AN, PEERgevelaggopane,
pr(%)%rﬁ'}le,V\’Bﬁfaﬁe,Hiéoﬁu@ﬁe emdhal mast bhe oHes Ghhiat haunber S-fikyl-3-
, 3, and 4) correspond to the |ocations shown in
meftiydionidazpliuy oationqorl 8 fluorivatgd detudylot-mefihdimidarohampgation and
an %{orgiaerlleck%gd ?r%trﬁaltﬁ]eegfoulﬁllcoisfslﬁng o@f%ﬂ]',%j',’ Ht!f%]-k,/\ [éF3'§b3]',
[HCF,CF,S03]", [CF;HFCCF,SO0s]", [HCCIFCF2SOs], [(CEF3S0,),NT, [(CF3S02)5C],

and [CF2CO;]. The compositions of this invention comprise refrigerant pairs that

, as

may include at least one refrigerant selected from the group consisting of HFC-32,
HFC-125, HFC-134, HFC-134a, HFC-143a, HFC-152a, HFC-161, HCFC-22, FC-14,
FC-116, CFC-12, NH3, CO;, N, O,, Hy, Ar, H,O, methane, ethane, propane,
cyclopropane, propylene, butane, isobutane, and at least one 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]’
, [PFe], [SbFs],, [CF3S0s], [HCF,CF,S0s], [CFsHFCCF2SO;], [HCCIFCF2S0;],
[(CF3S0,),NY’, [(CF5S0,);C], and [CF3CO;). The compositions of this invention
comprise refrigerant pairs that may include at least one refrigerant selected from the
group consisting of HFC-32, HFC-125, HFC-134, HFC-134a, HFC-143a, HFC-152a,
HFC-161, HCFC-22, FC-14, FC-116, CFC-12, NHs, CO;, N;, Oy, Hy, Ar, HxO,
methane, ethane, propane, cyclopropane, propylene, butane, isobutane and at least one
ionic liquid having a 1,3-dioctylimidazolium or 1-octyl-3-methylimidazolium cation
or a fluorinated 1,3-dioctylimidazolium or 1-octyl-3-methylimidazolium cation and an

anion selected from the group consisting of [I] .

This invention also provides a process for cooling an object or a space by
(a) absorbing, with an ionic liquid, the vapor of a refrigerant selected from the group
consisting of a hydrofluorocarbon, a hydrochlorofluorocarbon, a chlorofluorocarbon,
a fluorocarbon, N2, 02, CO2, NH3, Ar, H2, H20, and a non-fluorinated hydrocarbon
to form a mixture of both constituents, wherein the non-fluorinated hydrocarbon is
selected from the group consisting of C1 to C4 straight-chain, branched or cyclic
alkanes and C1 to C4 straight-chain, branched or cyclic alkenes; (b) heating the
mixture to separate refrigerant, in vapor form, from the ionic liquid; (c) condensing

the refrigerant vapor under pressure to a liquid; (d) reducing the pressure of the
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From the energy bal ance around the generator, the
generator heat input, Qy , is given by, =Homr +H2

W@ p®6/084252 ) - H xms . (20) By elimnating Hl fropeT/05206/004230
equation with eq 19, eq 20 can be witten as: (21)

llqglfi\r?%elﬁg%%;%t gl_é}%%gzia;lg t | O?ngle??rtﬁgs% psor ﬁbﬁﬂéera% dvapor in
proszﬁﬁi@p R bR oﬂj&ﬂto‘i sB&de 10bd coMSE fArfaV(e% r&aPRehihY fhY refrigerant
Qmr =H5 - (23) (24) ‘Then he system

vamémﬂthramaméhqglctiefu ned by a heat ratio, h, (output
power divided by input power): However, the solution
punpi ng power, Wy , is usually nuch smal | er than Q .

andThis ihGentius AROPIOVIAE AisiOcdds BhebRedd o5& aGhace by
(a) aggcfrglrnrgr?\?v?tﬁ)andlglzlc rlll?lguda%he vapor of a refrigerant selected from the group
consisting of a hydrofluorocarbon, a hydrochlorofluorocarbon, a chlorofluorocarbon,
a fluorocarbon, N2, 02, CO2, NH3, Ar, H2, H20, and a non-fluorinated hydrocarbon
to form a mixture of both constituents, wherein the non-fluorinated hydrocarbon is
selected from the group consisting of Cl to C4 straight-chain, branched or cyclic
alkanes and C1 to C4 straight-chain, branched or cyclic alkenes; (b) heating the
mixture to separate refrigerant, in vapor form, from the ionic liquid; (c) condensing
the refrigerant vapor under pressure to a liquid in proximity to the object or space to
be heated; (d) reducing the pressure of the liquid refrigerant, and evaporating

refrigerant to form refrigerant vapor; and (e) re-absorbing the refrigerant vapor with

an ionic liquid.

This invention also provides a process for cooling an object or a space in an
apparatus that executes an absorption refrigeration cycle by (a) forming in an absorber
a mixture of a refrigerant and an ionic liquid, where the refrigerant is selected from
the group consisting of a hydrofluorocarbon, a hydrochlorofluorocarbon, a
chlorofluorocarbon, a fluorocarbon, N2, 02, CO2, NH3, Ar, H2, H20, and a non-
fluorinated hydrocarbon to form a mixture of both constituents, wherein the non-
fluorinated hydrocarbon is selected from the group consisting of C1 to C4 straight-
chain, branched or cyclic alkanes and C1 to C4 straight-chain, branched or cyclic
alkenes; (b) passing the mixture to a generator where the mixture is heated to
separate refrigerant, in vapor form, from the ionic liquid; (c) passing the refrigerant
vapor to a condenser where the vapor is condensed under pressure to a liquid; (d)
passing the liquid refrigerant to an evaporator where the liquid is evaporated under
reduced pressure, to form refrigerant vapor, in proximity to the object or space to be

cooled; and (e) passing the refrigerant vapor to the absorber.

This invention also provides a process for heating an object or a space in an

apparatus that executes an absorption refrigeration cycle by (a) forming in an absorber
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(25) This can be expressed in ternms of H and/ H7 COP =
- H6 H5 + H3(Z-1)- H4/ (26) Enthal pies at all

wo ewanswes and solubility in the absorber and PENESADE004230
uni ts are calculated in a therm)dynam' cally consi stent

use.of the present .E del .di s usse .abqve.
rnd f Sven Beuinh Gaf 5§ SGE HERR, TREE ohRRRret i hiat fom
theEC&o&Ip nsdranrtifgf of 4 eﬁ?dt@ﬁﬁ@r@b@rbbfﬂ th %ﬂ&&ﬁﬁ&%ﬂﬁéx@@é&bom a
are based on nmet hods such as those descri bed,

chipenfinous20vs) e(iwaeradeaiide, 03, ICYakNEBK AT, K2, [H2Q,| andja non-
ﬂu%x%%té? g‘gr an l”b%l(l) qg‘ fogg 191§)Ztu O ]ooiihagc%st %léotzse Qher the non-

of ~amoni a an ane m X ufes roc

flubtitdted E?dl@bﬁﬁ&n of se‘i&fcefd ﬁemaﬂllecgiouﬂ/\é@mmgwf CDto Cl; stralght-
Eqwllbrlun( 04, 3:20-24, and are ljsted in
chainabignehed, o ig aikanp% and &lofq £4 srpighttsbains branghed or cyclic

dic e daf.r 0
SHSHLE O PRUATSL 10 RS, DAL VAR Lo o
se;mxaaerpéfﬁgeﬂam Beimpor Ebrm’,‘, fromltheaion{c'l'llmmuﬁ’r c(p)apassﬂg thé refrigerant
Gases & Liquids E 1987, a Hil
vapggri)a ¢ né‘?rewh?rgcf & WARRF fn C%@S or T’&??F‘érelto arfiguid in
prXGRHy 86 dhel dbj &kt bf 5%RE to be heated; (d) passing the liquid refrigerant to an
evaporator where the liquid is evaporated under reduced pressure, to form refrigerant

vapor; and (e) passing the refrigerant vapor to the absorber.

In any process as described above, the ionic liquid separated from refrigerant

in step (b) may be recirculated for use in step (e).

The present invention also provides an apparatus for adjusting temperature
that executes an absorption cycle as described herein to cool or heat an object or
space. The apparatus may include components such as an absorber-generator solution
circuit, which replaces a compressor, where the circuit maybe composed of an
absorber, a generator, a heat exchanger, a pressure control device and a pump for
circulating the solution; and the apparatus also is composed of condenser and
evaporator units with an expansion valve similar to equipment used in an ordinary
vapor compression cycle. The apparatus hereof is capable of executing an absorption
refrigeration cycle using any one or more of the refrigerants described herein and/or
any one or more of the ionic liquids described herein. The apparatus hereof is capable
of executing any one or more of the processes as described herein. An apparatus of
this invention may be deployed for use in or as a refrigerator, an air conditioner, an

ice machine, an industrial cooling system, a heater or heat pump.

The following examples are presented to illustrate the advantages of the present
invention and to assist one of ordinary skill in making and using the same. These
examples are not intended in any way to limit the scope of the disclosure or the

appended claims.
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paraneters for these high boiling-point materials is
of less inportance for correlating solubility data
W@ Ywkogeki, A [Intl. J . Thernophys., 2001, PCT/US2006/004230
22:1057-1071]). However, the bx paraneter in eq 6, as
mentioned earlier, is of greater inportance, and w ||
be treated as an adj ustable paraneter in the analysis
of binary soGENERANMIETRODSMNDAGATIERIAAISTCUl at e
thermal properties wth ECS, the ideal gas heat
capacity for each pure conpound is needed as a

u of te re; - T
PR Ty TGO foelifofbabls TUpSTRRYC GPh Sune
w1ﬁ1fwmelef:@151r akior bepss g hasle, m@ndaﬂhngscsdermosm&mrsmm0), 1-
roup contribution net hods (Reid, R et al

bl Gty 510 s S RYATOres, (BT L1 GSH MK, with 2
ol S of DN RE) Ko S b o BRONAPR 3050 4 2

equi f"uor ocar 1 on
dintﬁtln;d@pmpyhmtc&zolmn anal yzed next tns@nﬂmdemet}grlmeﬁmylbmalmde

(i oSl PP MEVTE Cofig:Eoese, PR s geculr

weIg'B@ ROy Eeﬁ]&l b 1RArRRBLBY766) BACHH *ahﬁé’twl %&r(ﬁoyﬂ?ﬁi@azohum
been det eFm ned by non-1inear |east squafes a ses
blsmﬂhomma&mlsdﬁonmmdc on([&hping[EEEMSinpidels s wre [dmplm] [BMel],

OO SRRt Sl AL gL el kU89, 5.
meﬂf:y'l-dfﬂi‘bﬁlsp}frﬂ[mﬁlhemW&métﬁ?lshﬁ@el’éﬂ]f‘%xé@bﬂ&hpﬂﬂBMeI] with a

irs, any therrmdynam C propert] ese m xtures
mofqﬁlabe deightl ateld ihled g mol), 1-ethyl-3-methylimidazolium

bis(pentafluoroethylsulfonyl)imide ([emim][BEI] with a molecular weight of 491.32 g

mol™), 1-ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide
(lemim][BMeI] with a molecular weight of 391.31 g mol™), 1-ethyl-3-
methylimidazolium hexafluorophosphate [emim][PF¢], 1-butyl-3-methylpyridinium
bis(trifluoromethylsulfonyl)imide  [bmpy][BMel],  1-butyl-3-methylimidazolium
acetate, 1-butyl-3-methylimidazolium methyl sulfonate and 1-butyl-3-
methylimidazolium thiocyanate were each obtained from Fluka Chemika with a purity
0f>96 to 97% each.

Chlorodifluoromethane (HCFC-22, CHCIF,, with a molecular weight of 86.47 g
mol™), difluoromethane (HFC-32, CH,F, with a molecular weight of 52.02 g mol™),
pentafluoroethane (HFC-125, C,HFs, with a molecular weight of 120.02 g mol™),
1,1,2,2-tetrafluoroethane (HFC-134, C,H,F4, with a molecular weight of 102.03 g
mol'l), 1,1,1,2-tetrafluoroethane (HFC-134a, C,HF4, with a molecular weight of
102.03 g mol™), 1,1,1-trifluoroethane (HFC-143a, C,H3F,, with a molecular weight of
82.04 g mol™), and 1,1-difluoroethane (HFC-152a, C,H4F;, with a molecular weight
of 66.05 g mol'l), and HFC-134 were obtained from DuPont Fluorochemicals
(Wilmington, Delaware), with a minimum purity of 99.99%. A molecular sieve trap
was installed to remove trace amounts of water from the gases and each of the ionic

liquids tested were degassed prior to making solubility measurements.
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t hernodynam cal |y consi stent way. The performance of
an absorption refrigeration cycle nay be based on a

W@ 0vplo#261 ypi cal cycle as shown in Figure 1, apPdr/ukmo6/004230
present theoretical nodel. Here, the punping power W
is neglected, since it is usually insignificant with
respect toother thermal powers. In addition, severa
assBrphpleng -abenddtgurenicb show sotbiléypinticdifthdtvisy adsqHs for

sV WATOFguRatons RS? BB odse i Eotdensed HFC
. b Sqrt t 16 1y d [
L R R P O BB coma 1 o

Poi Bkardplien 7Fi Dluarel Rig(eXi $hoof sobwtAligr 2 @b ffudi GitreBufEfor HFC-
refrigerant g,e,vv point. wth T - T (3}{ The condition at
32 pfit neevsrals additiopsl; gepisntligwidsh| EbmERHBYdnd lemenllli s[desm(L],

[dn%&qmtm@détmggg%dg@ﬁ%%@ F'qum%e&foi nt 5 (inlet to

condenser) 1Is state a pure
r ef Ekgeplant 12 tandP BPcmovidad aT methgd (f4) Prepssitives of n 1,3-

. the condenser d_t he gener at or con and Pg) are the

diog YRS RIS e fop MRIEBRE b GPethi 10h OPBE O O SRy

dioet@ﬁﬁﬁdgéeﬁurﬁq},d@éﬁ)o@ﬂ . (5) The condition at Point 3
(solution inlet to the absorber) is a solution's

bubBramplei Ht pspyaddst & el¢saintiont dfe thebsemperenty &5 $her gravindtric
mic@%lﬁqcé,(" ution concentration of the

Examples 15-41 show solubility results for various refrigerants in ionic

liquids.

The following nomenclature and abbreviations are used:

a; = generic RK EOS parameter of the i-th species (méoMPaomol'Z)
ibi = generic RK EOS parameter of i-th species (m’emol™)

C = concentration (molom'B)

C, =buoyancy force (N)

C, = correction factor (kg)

C,;=ideal gas heat capacity of i-th species (Jemol'eK™)

C, = initial concentration (molem™)

C, = saturation concentration (molem™)

< C > = space-averaged concentration (molem™)
COP = coefficient of performance

D = diffusion constant (m’es™)

g = gravitational acceleration (9.80665 mes™)

Jf = mass flow rate ratio

S(T) = temperature dependent term of binary interaction parameter, 1+ T, /T

H, = enthalpy at point i (Jekg™)
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generator (xQ) (6) Tenperatures in the generator (Tg
), absorber (Ta ), condenser (Tcon ), and evaporator
W@ Tweasdpenr e specified as a given cycl e condi t PGHUSZ08§/004230
_The refrigerant gas flowrate (nr ) is set to be 1 kg-
s 1, without |loss of generality, and the insignificant
lcy.,kja,lb,jsb,rb@marygﬁ@ﬁcm@ﬁ’?é@m%t@’fsed. The first step of cycle
calculations is to obtain Pem and Pcon as saturated
L =leagb(mpr essures of a pure refrigerant at given

t enper at ur sing methods such as a Bubble- Point P
m, 1Y iah%mg%f@{égcribed, for exanple, in Ness, H C. V.

=R LBy B Lo e e o A Tone o Phase
m; 25@1%%%)‘{{2&% cﬁ%&%gs%go P (Tenlgiefﬁdﬁolfrmg@sﬁg?ﬁe;rhlilnzasﬁSi "
m, SRR OEPEEPREE, O Sheor bent Composi ti ons. Xg
o, et e SRR T oW rate ratio) in eq

m, 508t BRER PL B PRe SR80 o (5) using met hods such
e SRS B, o5, dener e, for exarple
LB R BT oh GBI Lo £ known TP

N 2h% GORBASokipeRsat Thus, the
P =pressure (MPa)

~.

-,

Lt

t

P, = critical pressure of i-th species (MPa)
P, = initial pressure (MPa)

Q, = heat (kW)

R = gas constant (8.31434 m>ePasmol eK ™)
¢t = time (s)

T, = critical temperature of i-th species (K)
T, = temperature of i-th species (K)

T; = temperature of j-th species (K)

T, = temperature of sample (K)

¥, = volume of i-th species (m?)

¥, = volume of ionic liquid (m®)

y

m

= liquid sample volume (m®)

l

" =molar volume of gas (m>emol™)

l

= molar volume of i-th species (m3omol'l)

i
~

77, =molar volume of ionic liquid (m’ emol™)

7 =molar volume of mixture (m’emol™)
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necessary quantities for the performance eval uation

can be obtained using the |istedequations. Cycle
w@eoobos4zences for the present binary systens aPEr/Us2006/004230

summari zed in Exanple 1, Table 4 with sel ected
Nth,e[gﬁmdynamf quantities, where the specified
Vo Compie glolar velums (Mm@obycl e condition are: Tg | Tcon |

Ja | Tew = 100 / 40 /,30 /10 OC and nm = 1 kg-s 1 .
AVTHechapge inknetanveleme (geraeli ) absor bent pairs, NH3 H20
and H2OZLi Br, have al so been cal cul ated and are shown
ii’n“@l‘a(%%e 1, Table 4 for conparison. In the case O NH

3ZH20O,. the absorbent H O has a non-negligi bl e vapor
i 5%%§&38t1%$ﬁ8 SB€herator exit, and in practical
- AR th?ﬁzi ons a rectifier (distillation) unit is
required in order to separate the refrigerant from
o B8 enferatmeeeperdendehergnesent study, we have
negl ected such an effect and an extra power
Bereerntiesnt tenmpgyature depepdanes paeBEECOP i s over
estimated fgr the present performance conparison. For
A, EXRtgaVEie (We) have not devel oped the ECS nodel .
I nstead, .we have_.,enpl oyed enpirical correlation
Pedi @Fﬁﬁgfgﬁr&gﬂés} her nodynam ¢ properties (see, for
exanpl e, Stoecker, W F. and Jones, J. W |
P Frisppifyel iihicompanent ap sampledids ofhelrgce flosm™)
MG aw H_ ||, New York, pages 328-_350%&: 3
P, tedersity el B qomposantanconaten veight side of helrrgn (kgem™)
ent hal pyt enperat yre di agram Al though cycle
Paic &l deusiti olons(kigem hn absorption refrigeration cycle may
be

p, = density of sample (kgem™)
n = heat ratio, output power divided by input power

T, = binary interaction parameter (K) for temperature dependence term, f(T)

Units

Pa = Pascal
MPa = Mega Pascal
mol =mole

m = meter

cm = centimeter
kW = kilowatt
K =XKelvin

N = Newton

J = Joule

kJ = kilojoule
kg = kilogram
mg = milligram

Mg = microgram
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obtained in a manner that is relatively sinple and
straightforward, particularly by the use of the
wee@ses26ECS, under st andi ng the resul ts requi rBGI/ES2006/004230
di fferent approach fromthat used in the case of an
ordi nary vapor conpression cycle. In the |atter case,
T =fempgRtBeessur e/ t enperat ure refrigerant gas is
Paﬂﬁagﬂﬁﬁd by a vapor conpressor, where the
t*hérnmodynam c process is theoretically a single
mbhSeRtindat ¢ step: inlet and exit enthal pies of the
conpressor are sufficient for describing the
micsmpnessor work. In the absorption cycle, however, the
.~process generating the corresponding high
C prdegisss e9ighislér at ure gas is conplicated by the fact
sed @ gt hal pies at several different |ocations as well
as refrigerant-absorbent solubility differences at the
absorber and generator units (related to the/val ue)
nust be known, as.seen_in eqs,, 17, 2 1 and 22. The . .
dB iR fdleringdesevntion 4850 by slerrmthesgsfor priouspidopig liquids
thaf A SO 7 (B0 O B D2 (O gy BB o ot Hiauids
useffdrfocthedevention.on) . I n general, the refrigerating
effect is the latent heat at the evaporator, which
increases with an increase in the tenperature
di fference between Tcand Teva. Thus, at a given Teva,
the latent heat is larger for a refrigerant wth a
hi gher TO. In addition, the nolar |atent heat (J/nol)
is generally not so nuch different anong refrigerants
at their boiling point (or far away fromT ), while
the specific latent heat (J/kg) can be significantly
different due to a large difference in nolar
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masses. These factors can explain large differences in
the cal cul ated refrigerati ng power Qe anong
wo edosiogiesant s in Exanple 1, Table 4. A useful BOBUS19061004230
is, in general, a conpound that has high solubility
for a refrigerant and also a very high boiling point
relative to the refrigerant. As an exanple, the
Prepymitionsf Aseths Nt Eenetall g AvedatiCoBnercibliyi ] [ PF6] ,
HFC-32 + [bm m [BF4], HFC-134 + [bm n][PF 6], HFC 134a
+ [bm n[PF 6], HFC-152a + [bm n{[PF 6] and HFC 125 +
(A] PILOIHEE, Olog il el bave 1 G b el it Qu il $PrEs-K)
. 330/ 6. 471, 0.349] 8, 0. 2547 10.066, 0. 300 I3 Z7,—<and
ﬂH@EkQ_E_é_%] ZIgAlSmﬂxems; | \oef I \mottasemnEx dntn? . 2-tétraflimbdethahesulfonate
Qmm ubility curves for these refrigerant pairs are
vt in Figures 2 to 8 at constant T of 10, 25, 50,
and 750C. Indeed, the good solubility at the
absorbent-rich side, which is indicative of
C onéal\fgaqumNHanelbw@w@%% teactearvessgh wias phagsdivith a solutlon of
Based qn COPI

PR R PYrRiecH G o TLPBD pB S GA G e 1D g 58 moD)

an@ﬁ@i@ﬁlz&i m&f&f(ﬂ)@)"%ﬁ) fqie p?PbPﬁh@ Qolh%%/ L85 @‘nq“}‘e vessel was
Ideally the COP'i1s hig ctor is

Co%écd 18ndegrﬁes Gr prtagnated to t@el(hb’gﬁa pméfmrrg@ijmianxﬁndgetres The

aﬁ%e Er%_? c[ycle %‘f“f Ee %teg }IIE%I rggr'é% 3z +;¥>[tg}ﬁfg/ip§se{:gﬂrg&t%e? gdded

tetrhflogroeth]/ Ehe MFE, I6G) 3 2ndrit B@mhﬁitecﬁ BVEOd dedr&leC at which time the

inside pressure was 1.14 MPa. The reaction temperature was increased to 125

degrees C and kept there for 3 h. As the TFE pressure decreased due to the reaction,
more TFE was added in small aliquots (20-30 g each) to maintain operating pressure
roughly between 1.14 and 1.48 MPa. Once 500 g (5.0 mol) of TFE had been fed after
the initial 66 g precharge, the vessel was vented and cooled to 25 degrees C. The pH
of the clear light yellow reaction solution was 10-11. This solution was buffered to

pH 7 through the addition of potassium metabisulfite (16 g).

The water was removed in vacuo on a rotary evaporator to produce a wet
solid. The solid was then placed in a freeze dryer (Virtis Freezemobile 35xl;
Gardiner, NY) for 72 hr to reduce the water content to approximately 1.5 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 treatment 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 (D20) 6, -122.0 (dt, Jpy = 6 Hz, Jrr = 6 Hz, 2F); -136.1 (dt, Je; = 53
Hz, 2F).
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134 + [bmm [PF6]. HFC-32 and HFC- 134 are the
preferred refrigerants to conbine with fluorinated

WO ewbo84267jui ds. HFCs in general are preferred BST/UR®06/004230
refrigerants for use herein because they have no ozone
depl etion potential and | ow gl obal warm ng potenti al.

1HWB€(D2@):§|I6&4 (tt.dres SE@ride, RardHepl ete the ozone,

0 r gl war m ng potential. Anmon
A)W}gerﬁ% rﬁflﬁhert%@a a geﬁbgl are algl Ionon f1 ammabl e, gand
Anbiigies HiGBatiohatoraCsIOiFasKabCe 1032, H,468; M52x0 aldpdfihntal

can be m xed with nonflamabl e HFCs to nmake a
reSﬁBﬁng%bHeOﬁN&% As noted above, anong the HFCs,

e nost preferred because they have the

M%ﬁ)i@ %%T%asdgd on Table 4, and 134 w | bg nost
TAOX @fngr 168d vheloae?@%’/t ddgseeal(s 60%owt. fésa a6 degréeeC.

conmpositions of this inve ri fri gerant
TGRS [ anlase Ehitigness U S oS @17 Geraii e

sel ected fromthe group consisting of

hydr of | uor ocar bon, hydrochl orof | uorocar bon,
(B hl Gyonthesior afar potmssitrhilok. dvifiire-2-Ger fluoprghoxyethapsul fonate

T , H2O and non-fluorinated hydrocarbon sel ected
the group consisting of Cl to C4 straight-chain,

br a%h%gll&{ HEMEdy®D @k@%@tl@rﬂ%s@l wed hdrged with a solutlon of
stral ght-chain, branched or cyclic al kenes; and

potassist soifée hydriate (88cgyi0ch6 Mh, pasasspm rrmb@swlﬁty (é‘&ﬁ'r&r]i g§&mol)

g%%?%:iz%& S rg(%bﬁ(ggkl :Klqe%fﬁg :vfar%]pc& g >#ees. C evr%cuated o
0.05" V82 Qhd Lﬁ%&gd@ywaﬁofhtragen tﬁneaa&buaxa'putgéa@@ld was agsbated two

triazolium and
more times. To the Vessel was then added perfluoro(ethylvinyl ether) (PEVE, 600 g,

2.78 mol), and it was heated to 125 degrees C at which time the inside pressure was
2.31 MPa. The reaction temperature was maintained at 125 degrees C for 10 hr. The
pressure dropped to 0.26 MPa at which point the vessel was vented and cooled to 25
degrees C. The crude reaction product was a white crystalline precipitate with a

colorless aqueous layer (pH = 7) above it.

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 desired isomer is less soluble in 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).

1B NMR (D;0) & -86.5 (s, 3F); -89.2, -91.3 (subsplit ABq, Jir = 147 Hz, 2F);
-119.3, -121.2 (subsplit ABq, Jir = 258 Hz, 2F); -144.3 (dm, Jry = 53 Hz, 1F).
'HNMR (D;0) & 6.7 (dm, J gy = 53 Hz, 1H).
Mp (DSC) 263 degrees C.
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ani on selected fromthe group consisting of [CH3CO2] |,
[HSO4] , [CH3OSOs] , [C2HE0sM8] , [AIA 4] , [CaB]2 ,

W Ri0OB%4262 [ NO2] , [NO3] , [ST4]2 , [PO4]3 , [ HRDEPR2006/004230
[H2PO4] , [HS®B3] , [@Qud 2] , A , Br , | , and any

fl uor. nat ed. anj tion d/.Qr ani on e
Arpls e BRSSO, Co S pe Bufdutdiliteils: C.
14ihgrgrpup consisting of [BF4] , [PF6] , [SbF6] ,

CFSS(I@%, [ HCF2CF2S™3] , [ CF3HFCCF2SQ3]

T&A@@)F sctgloss @ 30rdeseges SNP0% vi. dyss @393 dpereey CF302)
. o § i ot s, I,0N._CORPrise

TaA R sy BLRPP AT 3o oo B0 0P RECT

refrigerant selected fromthe group consisting of

(CHFCS$hthedi CoE2 %otakﬁﬂﬁn— ! 3,Qrtriﬂﬁ&'01§uﬁ§ﬂubﬁﬁle¥%,!ethanesulfonate
HFC- 152a, HFC- 161, HCFC- 22, FC- 14, FC , - ,
(TREBK)CO, N2, @2, H, Ar, H Q8 nethane, ethane,
ropane, ., cy&l Q ropyl ene,, _but ane, .i spbut ane
" sobul eAloT Bl RE 276 Keadhn oskel s shaeed Wit ioRdion of
poREhedisiEné h¥drﬁt% (CPMBOBT2 h@lb?ﬁ%SéiﬁthnétéBiﬁﬂﬁk‘{MO g, 1.98 mol)
r

conprise re |8erant pairs that may include at | east

an delopiged iWasera@0e anlpc tlde 1H @inthigsoltionpvason§i sthengessdl was

32 125, HEC: 4 - .
23 T 15 VB TR B R B gy e
evaduidie/pGER, CMT WaR regdatedMino hﬁl@, tiﬁieb.ga[[tﬁtheestebﬁh gvz;s then added

n ane,
peiigtodmeiteldeyioehen GRNVYE: G0 & Heth MpThend dades disaied to 125
dedrbdOE laPGhichnimd el inﬁﬁ@hfb%urg KROBIJPENNPa. HRE reaction temperature

conpositions of this 1hvention
was maintained at 125 degrees C for 6 hr. The pressure dropped to 0.27 MPa at

which point the vessel was vented and cooled to 25 degrees C. Once cooled, a white
crystalline precipitate of the desired product formed leaving a colorless clear aqueous

solution above it (PH="17).

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) of a white
powder. The final product was isomerically pure (by '°F and "H NMR) since the

undesired isomer remained in the water during filtration.

F NMR (D;0) § -59.9 (d, Jew = 4 Hz, 3F); -119.6, -120.2 (subsplit ABq, J =
260 Hz, 2F); -144.9 (dm, Jrg = 53 Hz, 1F).
"H NMR (D,0) § 6.6 (dm, Jry = 53 Hz, 1H).
% Water by Karl-Fisher titration: 71 ppm.
Analytical calculation for CsHFsSO4K: 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.

39



conprise refrigerant pairs that may include at | east

one refrigerant selected fromthe group consisting of
WOEG682426 HFC- 125, HFC- 134, HFC 134a, HFC- 143a, PCT/US2006/004230

HFC- 152a, HFC- 161, HCFC-22, FC- 14, FC-1 16, CFC-12,

TG%#}_@H%%A’ ggﬁpﬁsp%o%gzd@gmﬁf‘ 5 Hé&e"nvg Eogﬁﬁégﬁggh?ggegu({ ane,

TGN}t 1096881 1084\@) 34ANicerdes AUEONAY 1038 @ 38RHERBesR! ect ed
fromthe group consisting of pyri di ni um pyridazi ni um

pyrim dinium pyrazinium imdazolium pyrazol I um
{ hi g , J
.‘ 8 q v

I nVA”I—gﬂ[bﬂ%ﬁ%ll@@ C@ésrculﬁ rvaerstel W &Qrgehahtmyolumi ode
at least one refrigerant selected fromthe group

anhydryis seiliven slfilrCS3R 0.34roolsodimpdigdite H- (03Ukhmol) and of

ool s B ol 5. el s o

4 degﬂaesne eicoged e 0.08 MR 0d &, chardef Wit BsxabBlubrappene (HFP,
i sobutane, and at |east one ionic liquid havin

12Q g4 QéﬁnglepéétMé’a) r dRf VRBChVaY be%t@fhgwl@t agiigtion to 126 degrees C
ancpké 946% PYL| %%'ﬂ}éslé{ﬂe é'tgnadfngklﬁmm R¥1 & Rdi™hnd then

I um  pyrazolium thrazolium oxazol i um and
droppechdcm/m tn9.2% Mief witha 3dooinateswhit ’éllel’ené,tthé eesst] wascoofed and

Rl, R2, R4, R5, R6 conpri ses . .Ani.ons of
thejrghpiig ﬁﬁ? SRR é‘%‘fg@tréﬁf’t Yfﬁ? P\‘F&e@ PO SR sTlP‘hgnal
solﬁtﬁor{ﬁd%%ﬁ £7.3 HSO4] -, [CH3OS@B] -, [ CF3SM8] -

[ATC 4]-, [CO 3f | [HCCB]-, [N02]-,

[NGS] [SO4]2- [PO4]3-, [HPOA4] 2 , [H2PO4] , [HSOB]

[ Cuﬂ]g ]wa’terClwas 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.

F NMR (D,0) § -74.5 (m, 3F); -113.1, -120.4 (ABq, J = 264 Hz, 2F); -211.6
(dm, 1F).
"HNMR (D;0) & 5.8 (dm, Jry = 43 Hz, 1H).
Mp (DSC) 126 degrees C.
TGA (air): 10% wt. loss @ 326 degrees C, 50% wt. loss @ 446 degrees C.
TGA (N2): 10% wt. loss @ 322 degrees C, 50% wt. loss @ 449 degrees C.

Preparation of Tonic Liquids

B) Synthesis of 1-butyl-2.3-dimethylimidazolium 1,1.2,2-

tetrafluoroethanesulfonate

1-Butyl-2,3-dimethylimidazolium chloride (22.8 g, 0.121 moles) was mixed

with reagent-grade acetone (250 ml) in a large round-bottomed flask and stirred
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Br , I , and any fluorinated anion. In still another
enbodi nent, the conpositions of this invention

w@ovposee2 refri gerant pairs that may include apCT/E@881D6/004230
one refrigerant sel ected fromthe group consisting of

HEC- FC 125, 13 - 134 C ,
i By POl g L5z edystlanahigironle TR 266 ¢, 0121
} w@ddd&&o r@genH%radAraceﬂdﬁ@.(Zﬂ’(Ehﬂﬁﬁﬁa s@ﬁdﬂﬂ@ gound-bottomed
pr opane, cl opropane, propyle but ane, i sobut ane,

ﬂa@iﬁ dmﬁtthlséé’ tw@n\éas @arra@lllyuaéércatqnﬁxﬁ utyl-Ri3odimetadioeidazolium

chl%ﬂhé’ %olé%ggl ;J{ﬁéoidrg?a&l?%ﬂﬁ% ‘ié‘?/g,%;é]l% ﬁfgbﬁﬁa‘?ﬁ a}q@ﬁ%‘g{ﬁg] at 60

de er[sd-CEﬁﬁEnZ&ﬂﬁ}( -for ggggt&gcgg@&%jtmn thiAGEE %Zﬁﬁﬁgiteregr I;1smg a

3S2) 2 5 an e
trk 75 G FGRG BrTetins ey KGhDRSIRAI BT ped Angdi e was
pla@@d 51§a§${§1§yré§ﬁ¥ ﬂj{bﬁ‘*lf&d@h&frs lFR3oyeRR c@{'oé gerant

sel ect ed e group consisting o - 32, HFC- 125,
HFC- 134, HFC 134a, HFC-143a, HFC 152a, HFC 161,

HCF: 22, EC-14, F 16, CEC-12, NH3, CO, N2, O, HZ,
pﬁ&f“ﬁ%‘? Frcjﬁgl,e I%%}I‘%’ébel‘b‘?’opane cycl opr opane,

propyl ene, butane, isobutane, and at |east one ionic
l'iquid having an imdazoliumcation or a fluorinated
i m dazol i um catg on and an ani on selected fromthe

| [ BPBSREY

QV@ consi stithg of [BF4] , [PK6] ,
/[Nl\%g 2) 2N \ [(CFgF?%E%&‘? and [ Q0 -_2???\/’/\ + Kal
0
a

sitions of this invention conprise|refrigerant
pairs that nmay include

j2) Synthesis 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 KC1 precipitate was allowed to settle, then
removed by suction filtration through a fritted glass funnel with a celite pad. The
acetone was removed in vacuo to give a yellow oil. The oil was further purified by
diluting with high purity acetone (100 ml) and stirring with decolorizing carbon (5 g).
The mixture was again suction filtered and the acetone removed in vacuo to give a
colorless oil. This was further dried at 4 Pa and 25 degrees C for 6 hr to provide 83.6
g of product.

'°F NMR (DMSO-ds) § -124.7 (dt, J = 6 Hz, J = 8 Hz, 2F); -136.8 (dt, J = 53
Hz, 2F).
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at | east one refrigerant selected fromthe group
consi sting of HFC- 32, HFC 125, HFC 134, HFC 134a,

wWOE@e 822 HFC- 152a, HFC- 161, HCFC- 22, FC 14, MO/USD66/004230
CFC-12, NH3, C2, N2, @2, H2, Ar, H2O net hane,

s RO B G P 5ﬁ%éﬁﬁelh%5rpt§w9< 3H);
42' bjﬂV'Hz?‘zﬁlgEﬁBB(hm Lo E'Jdméﬂét hﬁ?gg%(sg%ﬁguﬁslgm%ﬁds7(s

~’But I'um catf on
1H$el ect ed fromthe group consisting of [BF4] , [PF6] ,

ZSCB , CF3HFCCF2S(3] -,
{VS ]Vé?ég%ﬁerm%a@e}isg 2° , ][(CF[350z) 3q an]d [ CF
An&iSaLal- cam%tféﬁ%ig@gﬁlz@gﬁz@ﬁ t %7'6”Vﬁm4'7onNC QMBI Bfferimental

réfrigerant pairs that may include at |easf one
Regudfsr (87 ntH,skeb:edf 8d. f rom t he group consi sting of

TG S WEES B0 g . 5P Wy 05 @ 120 depes C
TOAN,) T w2053 37‘52deg1°e'es O;860% Weldam 422188686 C.

propane, cyclopropane, propylene but ane, i sobutane,
and at | east one ionic liquid having a 1-

6P O%thésléoei TR L O AR Ol S 1 04 t&faﬂaoﬁoeﬂl%e paksdie

, o UrmmetmnyrT1mraaZzort unt catt on M anr on

s erEetaeimOfmkmuﬁdlBotgcm fiasicwasadkied gethfl- :{rﬁ&ﬂyhmd[aﬁm&]m ,
ShF6 3SB HCF2CF2S08 CF3H S .
chlp I%am%@ﬁf% 7, %RQ@%@@;@@&W grf][d@@péts@@g]@ f ﬁ%l: mixture

waE 1% lxmethps*b %P&t%g@?hhﬁf‘aﬁm%fst diNbsSiné Emtcpasmmar %6

r| ger ant may | nclude at [east one
sepfaefte poemhfleskswheatded pbrassivinigl ,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 KCl precipitate was then allowed
to settle leaving a clear green 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. The product was a viscous light yellow oil
(76.0 g, 64% yield).

The reaction scheme is shown below:

+ xa

o o HCF,CF,S0%
/ @ \ N AN d @ \ TN

N N + HCF,CF,S0,Kk — N N
/\/ PR A /\/
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group consi sting of HFC 32, HFC 125, HFC 134,

HFC- 134a, HFC-143a, HFC-152a, HFC 161, HCFC-22, FC- 14,
WO@0sAS26CFC- 12, NH3, CO2, N2, 2, H2, Ar, H2QCT/US2006/004230

met hane, ethane, propane, cyclopropane, propylene

but @gw@nn@gg N G351 208, o & el 9, RN (89,

=5k g - 3-net hyl i m dazolium cation or a fluorinated
1,32dioctylimdazoliumor |-octyl-3-methylimndazolium

'H M@md@rﬁ hAi(od =SB &4 8H);f¥. (s, BHY; 40 Gy <085 iy

J Thi |nv nt| n_al so ovi des_a process for
61 ol 5 Sl by 5 Tor Y 2Eel By T O LBS8PHRrG wi th an
%W‘a{ékﬁ?lll{a%ﬂherttﬁ%tﬁﬁ'p@fm@} a refrigerant selected from

group consi sting of a hydrofl uorocarbon, a
An#lyticad chlcolatibh fior Gdhs¥dsF,% €HBYofHubl oG rheFowmd: C, 33.3:
H, %gu?\F Qe rbon, N2, 02, C02, NH3, Ar, H2, H20, and a
ri nated hydrocarbon to forma m xture of both

MpB0ad idgedts, Wherein the non-fluorinated hydrocarbon
is selected fromthe group consisting of d to C4

TG4t (e):diote whapss, @b?v"éﬂ\@ﬁ%@bﬁéi 58Ycwt. dO%I@a‘i%)sd@smﬂ%S@ t 0
TaR B IR e IR SR Do SRR e Chpor

form fromthe |on|c liquid; (c) condensing the
- refri%erant vapor under pressur(te to a I|qU|d (d)

éefrlgerant toformrefrlgerant vapor
X Tty to the object or space to be cool ed; and
(e) To @- Hheoudboitprh Hiask efasiagded h{ethmﬁemem@zhﬂmchmo]nm ichloride

l. . .
(Emllmq&&,d%%, 50.5 g) and reagent grade acetone (400 ml). The mixture was gently

hexaHAR3bAHna G
T r

warmed (50 degrees C) until almost all of the Emim-Cl dissolved. To a separate 500
m] 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.

These solutions were combined and stirred under positive N, pressure at 26
degrees C for 12 hr producing a milky white suspension. The KCI precipitate was
allowed to settle overnight leaving a clear yellow solution above it. The reaction
mixture was filtered once through a celite/acetone pad and again through a fritted
glass funnel. 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. The product was a viscious light yellow oil
(103.8 g, 89% yield).

The reaction scheme is shown below:

©

©
a o I\ CF5CFHCF,SO,
AORN - ®

N N + CF,CFHCF,SO;K —— N N + xa

NS NS
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This invention also provides a process for heating an
obj ect or a space by (a) absorbing, with an ionic
wO p@peiosi261 he vapor of a refrigerant sel ected fPONUS1986/004230
group consisting of a hydrofluorocarbon, a
hydr ochl or of | uor ocar bon, a chl orof | uorocarbon, a
fluorocarbon, N2, 02, CO2, NH3, Ar, H2, H2O and a
nonisel o Nesd-Bydr ozt ROBFY; Q1 fzps,rru@Lm(ﬁ%y:oiss@giﬂp); -
constituents, wherein the non-fluorinate dr ocar bon
210.6 (melEched 41lr0Hr). he group consisting of O to C4

strai ght-chajn, brapc or Lic kanes and  to
'R BN SRrbhai4 T credrh Sk bt ARante X
ti ' I o} t f 1§ nt, in vapor
S SEE LR LSRR GPIAERS @ SO GORIR T he P
% Weteribyd€ arbFishapidrationd®r12ffoessure to a liquid in

AR S RSO G e U P By OrF | et Exfimental
Re§MAPQ abingyr £8r ngeant to formrefrigerant vapor; and
e) re-absorbing the refrigerant vapor with an ionic

TGA (piri) d1 0% vitslosnigk 32 dagress 6 SpYowi. dess @ 33 degrses €or

oqal kng..an .opj e r.a s in a t.us _f hat
Teg i B RhCE At ol RRE Bol R o
formng in an absorber a m xture of a refrigerant and
an ionic liquid, where the refrigerant is selected
fromthe group consisting of a hydrofluorocarbon, a
D hydg%&leﬁg 8f‘ i-lﬂgﬁxqga%ﬁlgﬁ&ﬁnﬂdﬁ _'I,iﬂﬁlglf,LE%tQ@ﬂL%Qgeth%lesulfonate
Toorocar pom,  NZ, 0Z, COZ, NHA3, Ar, HZ, 20 and a
nonfl Hidexyil-3ahetttylimidazolium chloride (10 g, 0.0493 moles) was mixed with

reagent-grade acetone (100 ml) in a large round-bottomed flask and stirred vigorously
under a nitrogen blanket. Potassium 1,1,2,2-tetrafluoroethane sulfonate (TFES-K, 10
g, 0.0455 moles) was added to reagent grade acetone (100 ml) in a separate round-
bottomed flask, and this solution was carefully added to the 1-hexyl-3-
methylimidazolium chloride/acetone mixture. The mixture was left to stir overnight.
The reaction mixture was then filtered using a large frit glass funnel to remove the
white KCl1 precipitate formed, and the filtrate was placed on a rotary evaporator for 4

hours to remove the acetone.

The reaction scheme is shown below:

o) e
o
Cl /lk HCFzCFzSO:;
/@ \ /\/\/\-i- HCF,CF,SO;K ——»  / \ + xa
N N N @ N/\/\/\
N Synthesis of 1-dodecyl-3-methylimidazolium 1,1.2.2-

tetrafluoroethanesulfonate
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hydrocarbon to forma m xture of both constituents,
wherei n the nonfluorinated hydrocarbon is sel ected

WO p@a084262 gr oup consisting of A to C4 strai gheChEabs1906/004230
branched or cyclic al kanes and d to C4

st rakght - in ranched or.cycl,i | k . (b )
o e A B BRSOy B! . B i g pansaty
dissaivdied] eshgb@t-Ga@anadténd €00 @Y BNk, laide MARAbOftOMEY fidsRMnd
.the ionic liquid; (c) passing the refrigerant vapor to
streedcHERNST Hpltsi Hol.ddpskaiioreaipraeraaimES K, 26.24 ¢
e i qui d- ' t |i-qui.d
0183 SO Rbd 'l L0 i by s rona
botwnagiorfidskd anddeliisr sslutied waessutelly t addedr mo r gfer i198Ydaey1-3-

apor., i roximty to the object or space_ to be
meftgfmidezoling C_glé%rfdﬁé'\é&mg- e Tréstipn GExBEe Wpaperted ot ehdegrees
C RRSOKARK: fol bSrold AR RIS O TRE AR HBhESERINLP filtered
heat1 ng an object or “a space in an apparat us a
usiex e darige Sriaglaab Sommet tw renefer the eviate KA1 pyeipdtabey frmed, and the
formng in an absorbera m xtyre of a refrjgerant and
Sty Panecedi G B usory etcr driorgup SrrnoT e ghdtte
fromthe group consisting of a hydrofluorocarbon, a

hydr ochl or of | uor ocar bon, a chl orof | uorocarbon, a
fluorocarbon, N2, 02, CO2, NH3, Ar, H2, H2O, and a

Of.i d.hvdr,ocarbon to forma m xture of both
Th%%ﬁéttoﬁ]t%iel%é% S\}aﬁé/?léjleﬁOW'he nonf | uori nat ed hydrocar bon

is selected fromthe group consisting of d to C4
strai ghtchain, branched or cyclic al kanes and d to 4

strai ght .ghai n, branched or cygl i ¢ al kenes; (bI_,\,CFCFzsog9

/@RAssiQg the m xture+t acrtrg&R r/@i\sre the mxture + g
/NMNM /NvN%\“\

N ~

K) Synthesis of 1-hexadecyl-3-methylimidazolium 1.1.2.2-

tetrafluoroethanesulfonate

1-Hexadecyl-3-methylimidazolium chloride (17.0 g, 0.0496 moles) was
partially dissolved in reagent-grade acetone (100 ml) in a large round-bottomed flask
and stirred vigorously. Potassium 1,1,2,2-tetrafluoroethanesulfonate (TFES-K, 10.9
g, 0.0495 moles) was added to reagent grade acetone (100 ml) in a separate round-
bottomed flask, and this solution was carefully added to the 1-hexadecyl-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 XCl precipitate formed, and the

filtrate was placed on a rotary evaporator for 4 hours to remove the acetone.
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separate refrigerant, in vapor form fromthe ionic
liquid; (c) passing the refrigerant vapor to a
w@ovdeseer where the vapor is condensed under PCEBES20€004230
toaliquidin proxinity to the object or space to be
heat ed; %Whﬁﬂ he liquid refrigerant to an
Th@@%ﬁ@?%ﬁ &F PWqU|d i s evaporated under
reduced pressure, to formrefrigerant vapor; and (e)
passing the refrigerant vapor togthe absorber. In any g
rocess a8 described above, the_ilonic_Ljquid sepaPgh&epo:
ME) e refrigerant |h‘%t@@%¥%¥ﬂh&y—be (I | at ed for
/’\VGse ins (e). The present inventiorn~al so j
an apparatus fo justing tenperature that executé€s
an absorption cycle a scribed herein to cool or
heat .an object or space. The apparatus may include
conmponent s such as an absorber-generator sol ution
circuit, which replaces a conpressor, where the
circuit maybe conposed of an absorber, a generator, a
heat exchanger, a pressure control device and a punp
for circulating the solution; and the apparatus al so
L)i s Synhesied of adndenselr-ocadbcglsapostiaylonideznlivea wi t h dnl.2.2-

expansion valve simlar to equipnent used in an
Bﬂﬁ&&&ﬁ&ﬂﬁﬂgéggﬁﬁbonpression cycl e. The apparatus her eof

| S qapabh&yRB-RRGIhidAGolRfn a@lﬁ@ﬁ@é i@n.o &f r b@asat hlks) was

cycle using any one or nore of the refrlgerants

paﬂmﬂyrdlssebfethm edagentrgtada acstopnedAe0 o) inor rgsf rouné-bogiamed flask
ang SHY 3/1gdo?§1§:s y. b?’otassenrn%l {]1 2@%&%&8&%3&1%&&&5&% (TﬁES—K, 10.1

g, 0.0459 moles), was added to reagent grade acetone (200 ml) in a separate round-

bottomed flask, and this solution was carefully added to the 1l-octadecyl-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 KCl precipitate formed, and the

filtrate was placed on a rotary evaporator for 4 hours to remove the acetone.

The reaction scheme is shown below:

o]

c
N/@\N + HCF,CF,80;K ——»
AN
)
=\ HCF,CF,80;4
N D N
PN +  Ka
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of executing any one or nore of the processes as

descri bed herein. An apparatus of this invention may
wheodepi2eyed for use in or as a refrigerator, BET/EE006/004230

conditioner, an ice machine, an industrial cooling

_)Z%/Z @r eggs heag,@:) gffl 2 tbi?}_?,gynl'tpﬁ,z_ﬁgsg ol | owi ing exanpl S 0.

_E]&ﬂe_@nﬂlanmkfnmm@n and to assist one of ordinary skill
P § E sanme. These exanpl es are not
i nt @%{ﬂf&a‘%F?\‘ Ay 005’3 agdeq jook teprpleydsefypm G0 misy A gSlasAs Nstl)laker
i u r
AL & TBr R FUSPRARESf. T DRl oo/l (et e

vesgelxeidy mﬂl@bt@ok&a"ﬁ?ateeac(qatndl t0]0.0PFGa, 268 Iliilgg‘dfal-_\?ilﬁa nmdgiéna The
an | I Ng

eva%%tgﬁ) ?\A%Ll%i%f%ei GQMYTPO@ %§%ﬁqtrﬁﬂagrggyhym\e (TFE 5 g)
wag eHehakide® E@ﬂ;@ﬁ@b@l (inarn KﬂaE ﬁ%at]ad 1636 é&%g C, g\! \kﬁlc tléne the

. hol ecul ar wei Lot
insiflg guessyrel wao 8@'-9)0 2 l\ﬂ?a d| AétthyITRE presguye |dmméasmil duemo the

rea«% [dél (hdd E*ﬁ@b&%ﬁdﬂ%{%zﬁf l ﬂ%’z&f,g& fﬁh ﬁml@ to maintain operating

pre@h?d—ﬁﬁgﬁﬁgﬁﬁ&m 0rB4 MR 4wl (2831 VP, \A@h@@ho 8foraFE BadWen Fed,
code 439706), and |, 2-dinmethyl-3

the VB?%LVP? erded #nd mqﬁ tg (2t5 rdegregs Lo @tqug e il femoiveld under

. R I e -

shown HyoH @i mgjﬂﬂd 48t g)rdbdvpirepane P1 QY k) Wis bt Sl Wwilth
bi s(trifluoronethylsulfonyl)imde ([pnpy][BMel] with a

1-(1,1,2,2-tetrafluoroethyl)imidazole (16.8 g) in dry acetonitrile (100 ml), and
the mixture was refluxed for 3 days. The solvent was removed in vacuo, yielding a
yellow waxy solid (yield 29 g). The product, 1-propyl-3-(1,1,2,2-
tetrafluoroethyl)imidazolium iodide was confirmed by 1H NMR (in CD3CN) [ 0.96 (t,
3H); 1.99 (m, 2H); 4.27 (t, 2H); 6.75 (t, 1H); 7.72 (d, 2H); 9.95 (s, 1H)].

Iodide (24 g) was then added to 60 ml of dry acetone, followed by 15.4 g of
potassium 1,1,2,2-tetrafluoroethanesulfonate 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 g of a liquid, shown by NMR to be
the desired product.

N) Synthesis of 1-butyl-3-methylimidazolium 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
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nol ecul ar wei ght of 416.4 g nol 1),
| -ethyl-3-nethylimdazolium
whe@epensnaf | uor oet hyl sul fonyl )i m de ([em nm [ BEPGT/vE1006/604230
nol ecul ar wei ght of 491.32 g nol 1),
1l-eth 3rreth|i ].dazol.i u .
magnelis g R Tﬁ?rﬂ'ﬂ gﬁﬁf%fﬁsﬂﬁdm ‘er oL IReTE R 2 SaPrgte 11
fladk, 'th%@fﬁhﬁ‘i 1\,’2?3,9 @the‘ilﬁﬂé’&épl%%algasﬁﬁénta)(HF'PSeK Was3dlssolved in
I'i m dazol'i’'um hexaf | uor op hosphate [em F6] ,
mgh p1mty| dr3- mstdng| ((5§9|rg1)n| Uhese two solutions were combmed at room

t n:%l)eg {1“ 5 orf@?)ﬁ/e {1 tﬁl g%lzg}o ?—ﬁ f%{ eﬁ”%}‘]dn% p]osmve nitrogen

prebsublt ﬂh@ﬁﬁﬁh@ﬁds nath%éal WH&EKUY bréiflifa@natae aﬁﬁﬁ}ed to settle.
1- butyl -3- nethyli azol ium thi ocyanate were ea

Thistsokif e r¢m@*mdmmaﬂ@qﬁmaklan Hironghya qudtgla&s flunsh thfb a celite
e A R ST A

pufifitdChy Ailufiir? EJZth higli bu@tymde&mel(a(l)o i) ght stﬁ‘hn@ vifli2dg@olmizing
1), pentafl uoroethane (HFC. 125 HF5, with a
carhpn ég &)-adh ﬁéﬁllﬁme WS guggiogAil ber%pn 1)he acetone removed in vacuo to
s oL el+a
glv#D % gélgﬁg%s {)/\%i Q;JL g@? tﬂ%@ﬂ% 143@&1 £ fegrtéd & Br 2 hr to
prdvide G8.@Q gtofpraaducior oet hane (HFC- 134a C2H2F4, with a
nol ecul ar wei ght of 102.03 g nol 1),
1,1, 1-trifluoroethane (HFC 143a, C2H3F3, with a
nol ecul ar wei ght of 82.04 g nol 1), and
1, 1-di fl uoroet hane (HFC-152a, C2H4F2, with a nol ecul ar
wei ght of 66.05 g nmol 1), and HFC- 134 were obtai ned
from DuPont Fl uorochemi cal s

F NMR (DMSO-dg) & -73.8 (s, 3F); -114.5, -121.0 (ABq, J = 258 Hz, 2F); -
210.6 (m, J=42 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=7Hz, 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;,FsN,03S: 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 (Ny): 10% wt. loss @ 335 degrees C, 50% wt. loss @ 361 degrees C.
Extractable chloride by ion chromatography: 27 ppm.

0) Svnthesis 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
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(WI mngton, Delaware), with a mninmumpurity of

99.99% A nolecular sieve trap was installed to renove
wo ea@eosaenpunt s of water fromthe gases and eacPCDiS1006€004230

ionic liquids tested were degassed prior to naking
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corﬁlblhédlioﬁ’@z{nﬁizﬁy,ers{ Wélrdﬂi{lkd ,ov[31d eiaghédium sulfate and concentrated in
[dnTim [tTFI\/Srret hide], and, [dnt] n%[]STFI\/Si m de&%.
vaqug o dicecolariess od rfsdw d%scﬁéieé Fdohbdragp I anhPadpggenf to

affélrd%s (pl% éﬁéhﬁé{' dazoliumiodide [ooinf[I] and a net hod
or prepa

ation of |-methyl-3- dioctylimndazolium
i odide [ooinm[I]. Exanple 14 provides a descrlptlon of
t he, onents in the gravinetric_m crobal anc
i Aovd <

Exanp| BUR EOMBQ: @b(q .me = £&{7 000 0 ar| K (subsplit
A AP L PR D Al sl 10 Loear B “=generi ¢
'H RMEQOMSOaRES €09 of JETE4 22t BHEPES (10s2Knd* VRa i)y, 32) (s, 3H);
4.2 (t, J=17.0 Hz, 2H); 6.5 (dt, J=53 Hz, J= 7 Hz, 1H); 7.7 (s, 1H); 7.8 (s, 1H); 9.1
(s, 1HD).
% Water by Karl-Fisher titration: 613 ppm.
Analytical calculation for CL1H16F6N204S: C, 34.2: H, 4.2: 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 (N2): 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 KCI
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
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b = generic RK ECS paraneter of z-th species (n8"nol
1) C =concentration (nol"m 3) C6 = buoyancy force (N
w@oososnsecti on factor (kg) Cp! G = initial PCT/US2006/004230
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(mol"m 3) < C > = space-aver g gp

solptien way diiedooyer Tpagapsip [iptcof ‘ﬁ SorvrRhwas E?m‘afeflfl{ﬁ Lpg to
ngpos, ti

o BEH AR S v Ly pe B P Dposhaga erat  on
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| PENMR (CRION) & 85 ey Dorthcof-SioaplinPey fri 147 Bz
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-120.6, -122.4 (subsplit ABgq, Jrr = 258 Hz, 2F); -142.2 (dm, Jr = 53 Hz, 1F).

"H NMR (CDsCN) & 1.0 (t, J= 7.4 Hz, 3H); 1.4 (m, 2H); 1.8 (m, 2H); 3.9 (s, 3H);
4.2 (t,J=7.0 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 (No): 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-dg) & -73.7 (s, 3F); -114.6, -120.9 (ABq, J = 258 Hz, 2F); -
210.5 (m, Jur= 41.5 Hz, 1F).
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TGA (air): 10% wt. loss @ 373 degrees C, 50% wt. loss @ 421 degrees C.
TGA (N2): 10% wt. loss @ 383 degrees C, 50% wt. loss @ 436 degrees C.

R) Synthesis of Tetradecvl(tri-n-hexyl)phosphonium 1.1.2-trifluoro-2-
(perfluoroethoxy)ethanesulfonate ([6.6.6.141P-TPES)
To a 500 ml round bottomed flask was added acetone (Spectroscopic grade, 50

ml) and ionic liquid tetradecyl(iri-n-hexyl)phosphonium chloride (Cyphos® IL 101,
33.7 ). The mixture was magnetically stirred until it was one phase. In a separate 11
flask, potassium 1,1,2-trifluoro-2-(perfluoroethoxy)ethanesulfonate (TPES-K, 21.6 g)
was dissolved in acetone (400 ml). These solutions were combined and stirred under
positive N, pressure at 26 degrees C for 12 hr producing a white precipitate of KCL
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).
Tt 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).

19F NMR (DMSO-dg) & -86.1 (5, 3F); -88.4, -90.3 (subsplit ABq, Jrr = 147
Hz, 2F); -121.4, -122.4 (subsplit ABq, Jrr = 258 Hz, 2F); -143.0 (dm, Jpu = 53 Hz,
1F).
I'H NMR (DMSO-dg) § 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, Jrm = 54 Hz, 1H).
% Water by Karl-Fisher titration: 0.11.
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S) Synthesis of tetradecyl(tri-n-hexyl)phosphonium 1,1,2-trifluoro-2-

(trifluoromethoxy)ethanesulfonate ([6.6.6.14]P-TTES)
To a 100 ml round bottomed flask was added acetone (Spectroscopic grade, 50

ml) and ionic liquid tetradecyl(tri-n-hexyl)phosphonium chloride (Cyphos® IL 101,
20.2 g). The mixture was magnetically stirred until it was one phase. In a separate
100 ml flask, potassium 1,1,2-trifluoro-2-(trifluoromethoxy)ethanesulfonate (TTES-
K, 11.2 g) was dissolved in acetone (100 ml). These solutions were combined and
stirred under 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. 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 oil (19.0 g, 69% yield).

F NMR (CD,Cly) & -60.2 (d, Jey = 4 Hz, 3F); -120.8, -125.1 (subsplit ABq,
J =260 Hz, 2F); -143.7 (dm, Jry = 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, Jru = 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 (N3): 10% wt. loss @ 328 degrees C, 50% wt. loss @ 360 degrees C.
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p atr =density of air (kg*m3) p s =density of sanple
(kg*m 3) h =heat ratio, output power divided by input
WwW@owe84Ry2 =bi nary i nteraction paraneter (K) foPCT/US2006/004230
tenperature dependence term f(T) Units Pa Pascal MPa
Mega Pascal nol nole m nmeter cmcentinmeter kW
kilowatt K Kelvin N Newon J Joule kJ kilojoule kg
T) ki | gghitaedisiy mof | i griagthyl-3-methylimidazolium 1.1,2.2-tetrafluoro-2-

(pentafluoroethoxv)sulfonate (Emim-TPENTAS)

To a 500 ml round bottomed flask was added 1-ethyl-3-methylimidazolium
chloride (Emim-Cl, 98%, 18.0 g) and reagent grade acetone (150 ml). The mixture
was gently warmed (50 degrees C) until all of the Emim-Cl dissolved. In a separate
500 ml flask, potassium 1,1,2,2-tetrafluoro-2-(pentafluoroethoxy)sulfonate
(TPENTAS-K, 43.7 g) was dissolved in reagent grade acetone (450 ml).

These solutions were combined in a 11 flask producing a white precipitate
(KCI). The mixture was stirred at 24 degrees C for 8 hr. The KCl precipitate was
then allowed to settle leaving a clear yellow solution above it. The KCI was removed
by filtration through a celite/acetone pad. The acetone was removed in vacuo to give
a yellow oil, which was then diluted with chloroform (100 ml). The chloroform was
washed three times with deionized water (50 ml), dried over magnesium sulfate,
filtered, and reduced in 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) 8, 1.5 (t, J= 7.3 Hz, 3H); 3.9 (s, 3H); 4.2 (q, /= 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 CI0H11N204F9S: C, 28.2: H, 2.6: 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 (Nz): 10% wt. loss @ 349 degrees C, 50% wt. loss @ 406 degrees C.

) Synthesis of tetrabutylphosphonium 1.1,2-trifluoro-2-
(perfluoroethoxy)ethanesulfonate (TBP-TPES)
To a 200 ml round bottomed flask was added deionized water (100 ml) and

tetra-n-butylphosphonium bromide (Cytec Canada Inc., 20.2 g). The mixture was

magnetically stirred until the solid all dissolved. In a separate 300 ml flask, potassium
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SotA)r;,?elgessel was then added

F NMR (CD,CL) & -86.4 (s, 3F); -89.0, -90.8 (subsplit ABq, Jir = 147 Hz,
2F);
-119.2, -125.8 (subsplit ABq, Jrr =254 Hz, 2F); -141.7 (dm, Jrpyg = 53 Hz, 1F).
'"HNMR (CD,CL) & 1.0 (t, J=7.3 Hz, 12H);1.5 (m, 16H); 2.2 (m, 8H); 6.3 (dm, Jry
=54 Hz, 1H).
% Water by Karl-Fisher titration: 0.29.
Analytical calculation for C20H37F804PS: C, 43.2: H, 6.7: N, 0.0. Experimental
results: C, 42.0: H,6.9: N, 0.1.
Extractable bromide by ion chromatography: 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 inside a stainless steel
pressure-vessel as shown in Figure 10 and described in Example 14, Table 15. The
balance has a weigh range of 0-100 mg with a resolution of 0.1 pg. An enhanced
pressure stainless steel (SS316LN) reactor capable of operation to 20.0 bar and 100
°C was installed. Approximately 60 mg of ionic liquid sample was added to the
sample container and the reactor was sealed. The sample was dried and degassed by
first pulling a course vacuum on the sample with a diaphragm pump (Pfeiffer, model

MVPO055-3, Asslar, Germany) and then fully evacuating the reactor to 10’ bar with a
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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 10 bar were measured using a capacitance manometer (Pfeiffer, model

PKR251), and pressures from 10" 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 10

bar (i.e., 0.1, 0.5, 1, 4, 7, 10 bar) were measured. To ensure sufficient time for gas-

liquid equilibrium, the jonic liquid samples were maintained at set-point for a

minimum of 3 hr with a maximum time-out of 8 hr.

The IGA method exploits the relaxation behavior following pressure and

temperature changes to simultaneously evaluate the time-dependent absorption and
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was cooled to 7 degrees C, evacuated to 0.05 MPa, and

pur r t e/

Pt S50l Y R R ST R R Sy e
terifdrhtuttOs@l Myl Hemghetet, N&h f{dRbrYENstBEl gplieR vdl¥e nmads) replaced

and_it was_ heated to 125 degrees C at which tine the
withyas PyRons emideline refigs 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 IGA003
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), the IGA003 was mounted inside a custom stainless steel cabinet piuged 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 hydrogen capacity in vapor-
grown carbon nanofibers and related materials; Proceedings of the 11" Canadian
Hydrogen Conference, Victoria, BC (2001) pages 633-642). These included:

)] Changes in the buoyant forces due to changes in pressure and temperature.
(2)  Aerodynamic drag forces created by the flow of gases.
(3)  Changes in the balance sensitivity due to changes in temperature and pressure.

(4)  Volumetric changes in the samples due to expansivity.
The gravitational balance forces previously described are often of the same

order of magnitude (0.1 to 5 mg) as the overall weight change in the sample and can

lead to inaccurate results if not accounted for precisely. Distinguishing mass changes
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27)

Instead of using the gas densities provided in the Hiden Isochema IGA sofiware, the
gas density for each gas was calculated using a computer program (Refprop v.7)
developed by the National Institute of Standards and Technology (NIST) (Lemmon,
E. W.; McLinden, M. O.; Huber, M. L. NIST reference fluid thermodynamic and
transport properties — REFPROP, version 7.0, users’ 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 IGA003 system involves many additional
objects for weighing the sample. Table 15 provides a list of each critical component
along with the objects weight, material, density, and temperature. The component
arrangement in Figure 10 leads to a mass balance as shown by eq 28. This expression
accounts for the summation of all components as well as the contribution of the

absorbed gas mass (m,) and a correction factor (C ) which accounts for the balance
sensitivity to 7, P. The density of air ( p,; ) at ambient temperature and pressure was

subtracted from p; and p; because the components were initially weighed in air.
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absorption was later taken into account as described below to more accurately

determine the buoyancy effect.

The system 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
toa temperatlire of 45 + 0.1 °C. In addition, the component temperatures provided in

Table 15 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 mg and increased as

expected with decreasing temperature and increasing pressure.

Initially the ionic liquid sample volume was considered to be constant and the
mole fraction solubility calculated without taking into account buoyancy effects due

to sample expansivity. In order to make a proper buoyancy correction due to the
liquid volume change, a simple mole fraction average for the molar volume, V ,was

m?

used.
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28 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 7, 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 introduced into the Pyrex®
sample container with a constant pressure at a given temperature. A small amount of
gas will start dissolving into the ionic liquid, and after a sufficient time it will reach a
thermodynamic equilibrium, that is the solubility limit of the gas in the ionic liquid at
the given T and P. This transient behavior with time will be modeled based on
previous work (Shiflett, M. B. and Yokozeki, A. [Ind. Eng. Chem. Res. 2005,
44:4453-4464]; Yokozeki, A. [Intl. J. Refrigeration, 2002, 22:695-704]).

Processes of gas dissolving in liquid may be highly complex phenomena
because of a possible evolution of heat of mixing, the subsequent liquid convection
due to the local temperature difference, as well as the free convection due to the

density difference, and the possible change in thermophysical properties of the liquid.
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(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
o
(32)
Initial Condition: C=C, whent=0and0<z<L
(33)
Boundary Conditions: C=C; whent>0and z =0
(34)

%% =0atz=L

(335

where C is the concentration of a dissolving substance in ionic liquid as a function of
time, ¢ and vertical location, z, where L is the depth of ionic liquid in the container,
and z=0 corresponds to the vapor-liquid boundary. C, is an initial homogenous
concentration of the dissolving gas, and is zero (initially) or a small finite amount at

t>0. D is the diffusion coefficient that is assumed to be constant.

Eq 32 can be solved analytically for the initial and boundary conditions eqs 33
- 35 by a standard method such as separation variables or Laplace transform and

yields:
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Although eq 38 contains an infinite summation, only the first few terms,

except for initial small time periods, are sufficient in practical applications. In this
work, the summation was terminated after ten terms when the numerical contribution
to the summation in < C > became less than 102, By analyzing experimental data

with this equation, we obtained the saturation concentration (Cg) and diffusion

constant (D) at given T and P, when C; was known.

Examples 2 — 6 and Figures 2 — 6 show solubility and diffusivity results for
several hydrofluorocarbons (HFC-32, HFC-125, HFC-134a, HFC-143a, and HFC-
152a) in one ionic liquid, [bmim][PFg], at 10, 25, 50, and 75°C. Compositions were
prepared that consisted of HFC-32 and [bmim][PFs] from about 0.3 to about 81.2
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-125 and
[bmim][PFs] from about 0.1 to about 65.1 mole percent of HFC-125 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-134a and [bmim][PFs] from about
0.1 to about 72.1 mole percent of HFC-134a over a temperature range from 10 to

75°C at a pressure from about 0.1 to 3.5 bar. Compositions were prepared that
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pressure. The stirring was stopped and the KC
precipitate was allowed to settle, then renoved by

waewbiosneliltration through a fritted gl ass fuP@EUS206/604230
a celite pad. The acetone was renoved in vacuo to give

t her rifie dilutin
cofs 1 4885 lvs PP bt Rfe Q1) TP bt o
Hf«“@epmacwei bNémpEhiRt ranBe Gbm The M50 b £pMBfrd@8habout 0.1 to
suction filtered and the acetone renoved in vacuo to

7.5ghaye Gorapsssidne $¥erepreparrd; thaineanststad ofelFdrlised aat [Umia][PFq]

s T BB e B AR Lo s
frofh Ttz %F@,atai;f:’e@sﬁe Gein abl)uFO'f!?to'ZﬂzﬁbagF) 1H NVR (DVBQd 6)
d 0.9 (t, J=7.4H53H),; 1.3 (m 2H; 1.8 (m 2H):
3.9 (s, 3H; 4.2 (1, 37 He, 24 6.3 (dt, I =53 I,

a7 s o ks Bl B G o
HFCa3 X Uh adeveral fﬁﬂltﬁabﬂz&ﬁ @L?n%]gamm [&nl?n][ﬂ:p G&&mﬁx]m
Experinental Results:

(g T VB deh bl dimvait bR Fmdat. Gompemtiorisosse @epared

thaf* &%g% r SPﬁF §S3S2Ta%ﬁ A{é}%l%gBFéﬁigr/&@ab tq%f' Fﬁ%%é? %@ g ?noqg %ercent

of HFEtIRydved-artetupyratund thazge Iﬁromma,td 783 at zﬁbfe@édre aerP&dang to

sul fgnat e
bar. Compositions were prepared that consisted of HFC-32 and [omim][I] from

about 0.4 to about 41.6 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-32 and [doim][I] from about 0.7 to about 46.8 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 [dmpim][tTFMSmethide] from about 0.9 to
about 66 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
[dmpim][tTFMSimide] from about 0.8 to about 64.5 mole percent of HFC-32 at a
temperature of 25°C and a pressure from about 0.1 to 10 bar.

Figure 9 shows measured isothermal solubility data (in mole fraction) at 10 °C
of the systems HFC-32, HFC-152a, HFC-134a, HFC-125, and HFC-143a +
[bmim][PF¢] in terms of absolute pressure divided by the gas saturation pressure (Po)
at 10 °C shown by ratio (P/Pg). The saturation pressures for HFC-32, HFC-125, HFC-
134a, HFC-143a, and HFC-152a at 10 °C are Py = 11.069 bar, Py = 3.7277 bar, Py =
4.1461 bar, Py = 9.0875, and Pp = 8.3628 bar, respectively. Negative deviations from
Raoult’s law (i.e. curvature below the dashed line) are unusual and indicate strong
interaction between the refrigerant and the ionic liquid. This in turn translates into
high solubility that is ideal for an absorption cycle working fluid. In particular HFC-
32 has negative deviation from Raoult’s law as shown in Figure 9. Compositions

comprise HFC-32 and [bmim][PFs] from about 0.1 to 63 mole percent of HFC-32 at
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To a 500 M round bottom fl ask was added
| -ethyl-3nethylimdazoliumchloride (Emmd, 98%
W@® 2006/08#26and r eagent grade acetone (500 ni).

o n}IXt o The | gently warmed (50 degrees C) until al nost
a of tThe Emimd dis e s
10 °Cfdnd§MPMﬁQm&@G@tcp b Eﬁ ag) fﬁﬁ:g gﬁoxgp&lﬁ@@ @éﬁ&tﬁn@%nﬂkaout

t et r af ghioe ThERBIdjcagOrefriggyant and
law (1a‘T’ &H@Va\ﬁﬁ‘rf’ B‘?‘%a‘ég% &Sg gg@ecgcet ongyp?ci’?Q cf?e E gg} @ﬁq
1omcn11?iﬁlg$ e?ﬁa&%itégmﬁ amdgﬁ\ﬁnfﬂtaélm Waé(t éﬂq@@s 1€ 4

e - K di.ss gut 0.1 to
separolin (IARIEnS £OFPERR TS Ko A L s o0
b U?g& pensi ?5}0 #h@f L8ty maso SCi artdea/ht erm aégioe@%"“@()%
ano P4 he KO precip [iP s then 6‘2' &*tﬁ mole
CompBiitib écﬁ@ﬂsﬁQ{H:dB’é%@ndgﬁb@EW g:IGﬁ%Pngﬁb

reaction mxtu t .&. C itions
pequftfevcaaémeﬂﬁafé’a B P AP T O e O o e
com H&rﬁf?tl‘és r@ APk [lEFf Gom a’tlfmlt Qdemohréo \nh@utr@r?%@g&’e@ﬁm of

acuo

irst on a rotovap
HFJ-1 2% ai 40 PG, an@ﬂ’/Be@iogég qg)t%f Lo ggwwgﬁe 9{]}8¥1§6H§%mpnse

uct was

Vi scous Y% Yenslechatdent Bhd 0 °C and
HFQ 6 Pk RO & whg%ut P éﬁa%ué@ﬁwgm(ﬁ/sgn 6) d

P/Pojﬂf?xﬂagout((ﬁitoab‘ﬁhlt@96 , JFF = 6 Hz, 2F): -138.4 (dt,
=53 Hz, 2F). 1H NVR ( DVBO- d6) d13(t 1 =173
Hz, 3H); 3.7 (s, 3H); 4.0 (q, J = 7

JF"E‘canﬁﬁesl-Elz Jid =15 krqvidd) 2 ‘mcghch fqu-bprg%“%tﬁt“i &tt13_
d1oclt}|:1|)1m1dazohu(n? jodide [ooim]{I} and 2 method for preparation of 1-methyl-3-
dioctylimidazolium iodide [ooim][I]. Example 14 provides a description of the
microbalance components. Examples 15 — 41 show solubility results for various

refrigerants in ionic liquids.
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% \Wat er
calculatio

n for

by Karl-Fisher titration:
C8H12N2QBF4S: C, 32.9: H, 4.1: N, 9.6

0.

18 %

Anal yti cal

wooe084262 33.3: H 3.7: N, 9.6. M 45-46 degrBE€BEUS2006/004230

TGA (air):
C, 50% wt

hexaf | uoro
Abggeptipdfeeol

(Emmd,

m )

10% wt

m
98%

. loss @379 degrees C, 50% wt
@420 degrees C. TGA (N2)

10% wt

| oss

: . loss @378 degrees
. loss @418 degrees C. H) Synthesis of
EXAMPIG 13- net hyl i m dazolium 1,1, 2, 3, 3, 3-

The m xture was gently warmed (50 degrees O

Tabhd 1.| EQS i@sistaatslof ®ird RefriBatams@nd ditssiberied. To a
separate 500 m flask was added potassium
1,1, 2,3, 3, 3- hexafl uoropropanesulfonate (HFPS— K, 92.2

pr anesul fonate To a 1 1 round bottom fl ask
geEWPSSS met hyl i m dazol i um chl ori de
50.5 g) and reagent grade acetone (400

o, L R Sl T et Lodh |
t enper at ur(éMasst i | | @) of (kHag¢ HFPS- K (di ssol véd. Thesge
solutions were conbinedland stlirred lunder positive N2
HQFQSQSZure dt e degi@el’ € 498 1. Qﬂllpr@é}@l%sﬁ;(g -206771ky 0.01501
}Qﬂetz ?re ov rn%l'gqgr I %%\??drfd Sﬁ(r%;e aﬂr%o;lglll ow 3031Cl Jlt(lytgﬁ 8b .é)0673
HFC-12bhe rqatm).ml 339.19 | 3637 | 1.0001 | 0.47736 | -0.01977 | -0.0177
HFC-134 102.03 | 391.97 { 4580 | 1.0012 | 0.48291 | -0.05070 0
HFC-134a 102.03 | 374.25 | 4059 ) 1.0025 | 0.50532 | -0.04983 0
HFC-143a 84.04 | 346.20 | 3759 | 1.0006 | 0.45874 | -0.04846 | -0.0143
HFC-152a 66.05 | 386.44 | 4520 | 1.0012 | 0.48495 | -0.08508 | 0.0146
NH; 17.03 | 405.40 ) 11333 | 1.0018 | 0.46017 | -0.06158 | 0.00168
H,0 18.02 | 647.10 | 22064 | 1.0024 | 0.54254 | -0.08667 | 0.00525
[bmim][PFs] 284.18 950 2027 1 0.6571 0 0
[bmim][BF,] | 226.02 950 2533 1 0.8362 0 0
[emim][BEI] 491.32 782 1626 1 0.60391 0 0
[bmim][TPES] 436.32 778 1631 1 0.63808 0 0
[pmpy][BMel] 416.4 820 1809 1 0.50298 0 0
[dmpim][TMeM] 551.45 | 1123 | 1972 1 0.23836 0 0
[emim][BMel] 391.31 809 2001 1 0.59726 0 0
[bmim][TTES] 320.3 788 2198 1 0.55868 0 0
[6,6,6,14-P][TPES] | 780.0 776 681 1 0.76744 0 0
[bmim][HFPS] 370.31 848 2037 1 0.79449 0 0
[4,4,4,14-P][HFPS] | 629.36 803 872 1 0.47453 0 0
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m xture was filtered once through a celite/acetone pad

and again through a fritted glass funnel.

The acet one

wor®egtrex/ed i n vacuo first on a rotovap and tPERUSIN0E004230

hi gh vacuumline (4 Pa, 25 degrees C) for 2 hr.
“piodiict 'Was  a viscio

Table2.eCdfficients foekiepl @

o Bestichpboit

I | oW

hovvnq%él

oW

The

419348 g, 89%

k c | 19F

NVR (DMSO-d6) d -73.8 (s, 3F); -114.5, -121.0 (ABq, J
258 Hz, 2F); - 210.6 (m_ 1E_JHF= A1W
Wﬁ}@(}d&d CAcht, J\= @3 Hz, 3 9 (s, 3H 77 4.2
Q. J =73 Hz, 58 aad HE 4T A 1M, ki058x 107
T (s.RiB); 7.8 (s,17f%; o 1 0180y v%@éﬁ% Biosé B
Karl -Fisher titration:l 0. 12 9% -Anral ut a,J; iP(?xlO-S
ForRCOHL2N2OBF6 0.8  31. 5:097534 5; |N1.872210 -3
Experimsntal Results: |IC, 30.9: H 3 3. N—7-8-+TC6A 3
.3@01 sTO% WE | T ness @ 342 W3ifit8es C, -BOYBxHD. | pssB-@0x10
egrees C| TGA (N2 10% wt . lloss @341 _degrees
———Q—i%w—mﬁ tobS @374 fegreesedd 1) Syobbesi s bf 5.396x10°
1- f3 mstpyllmdazalium .
1,1 2 2-tet+ra ttranesghf te 6.852x10
| T HEAgHe 3- et hyl Hdaz Jfl i OR o § dle ?f 2’“0 0493 8
nol es ted wi-t h—eagents n eloo 0
i n R-1K3x ge r oynd3dPt ofred P1 é and g() orgﬁé?ﬂ
4 2x10°
R-152a 8.670 0.2394 -1.456x10 3.392x
- a3
N 2731 0.02383 1707x10° | -1.185x10
- 5 2
— e 32.24 1924x10° | 1.055x10 -3.596x10
4 -8
10
[bmim][PF] 2.214 0.57685 -3.854x10 9.785x
4 -3
[brmim] BF4) 8.946 0.43986 -1.881x10 1.177x10
3 -7
[emim]{BEI] -39.23 1.83633 -1.368x10 3.569x10
3 -7
[bmim][TPES] 58.16 1.87023 -1.335x10 3,399x10
3 -7
[ [pmpyl[BMel] -42.88 1.67703 -1.194x10 3.027x10
3 -7
[dmpim][TMeM] -46.66 2.08141 -1.511%10 3.864x10
3 -7
[emim]{BMel] -19.61 1.44867 -1.039x10 2.633x10
;) -7
[bmim][TTES] -39.39 1.43813 -9.730x10 2.383x10
3 -7
[6,6,6,14-P][TPES] | -225.63 4.60000 -2.939x10 6.929x10
3 -7
[omim][HFPS] ~49.13 1.63180 -1.137x10 2.850%x10
3 -7
[4,4,4,14-P][HFPS] -168.87 3.63969 -2.299%x10 5.369x10
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under a nitrogen b

| anket . Pot

assi um

1,1,2,2-tetrafl uoroet hane sul fonate (TFES-K, 10 g,
W@2®4/BS42&DI es) was added to reagent grade acetPCEUSZD0E004230
in a separ ate roundbottomad fl ask,

Taﬁ&#%w

uII

and this

m xture was then filtered using a Iarge frit gl ass

%‘ﬁggﬁgbﬁ%arhﬁ?% IPa}fﬁQetenmned

froffl PpdiienenRs F]@fdbtatsﬁoﬁh |11|i EQéﬁﬁf)Iéb aht1, ahBgsrepction

funnel to renove the white KGO precipitate forned, and
thesfH1trate—was aced—on—arrotary evaporatot fOi‘ 4
:IID’]? B renove the afétone. | Thér eact | of % &hemdi%4 Bi
§§M w. J Synthesis of. absorbent
1- dodecvlgi nethyljmdazolium11, 1,2, 2- ( )
R—Z%Ehxmﬁi][l?ﬂebet hanesl f-@rié@él - Dodé)cl}BI943- et Wyl i m da¥ol [u 0.6263
o (24 1L h] ac) xarLl Al | hy
LA YA LY, T\J‘T = v , Ui AT y
R@/E’%‘WEPF@ n reageht g‘g?e ,e;—@’rpel 400 mq in afarge 06571
R_gqu;ﬁq Fpned T1a -@Rﬁ aliTreg g47g901 pusSTy. HOTapSi UM () 8362
rﬁgfﬁ raf | uor pet hanesul { onat eJ TEES- K, 26. 24 q,
R-m/ﬂeﬁﬁnﬂBEHS) was afded06%5 r eage01g? ade ackt one (00 0.6039
d 1 n o cn anundbhottr obnd £l ac AanAd + hilc
1T . ulml D \"ACLRAVAVAw Y L3U LA A% T UAT UATTU CTIri{o
R‘%%( éﬁg car ef b3 A26xdled | D1 Txa01 - JlodeQ:yI -3- 0 0.5030
net hyl_l m dazoliumbthloride solution. The reactli on
R-3/pdmpim]iiddeMeat ed| at 0.683@egr ee8-000@inder r&f | ux for 0.2384
APProxen t 'y 1{T||umrﬁ—||_q fcrcrl—un?)u xture—v mef—
Rﬁf%?@%@ng a | prgd 8Pt gleddllnnel th réﬁso\g the 0973
_\Ah%e-—KQl—?m-eeJ—pL-t—gL' Ipitate Lerﬁn.mri and-the
R-134/[bmim]|PFs] -0.0957 20.1037 0 0 0.6571
R-134a/[bmim][PFg] 0.0730 0.0187 0 0 0.6571
R-134a/[emim][BEI] 6.508x%10™ 0.0309 0 0 0.6039
R-134a/[bmim][TPES] 0.0059 0.0288 0 0 0.6381
R-134a/[bmim]{TTES] 0.0057 0.0363 0 0 0.5587
R-134a/[6,6,6,14-P][TPES] -9.072><10-5 —5.540)(10—4 0 0 0.7674
R-134a/[bmim][HFPS] 5550%10™ | 5.628x10™ 0 0 0.7945
R-134a/[4,4,4,14-P][HFPS] -0.0316 -0.0047 0 0 0.4745
R-152a/[bmim][PFg] 0.0483 0.0212 0 0 0.6571
R-125/[bmim][PFg] 0.1575 0.0218 0 0 0.6571
NH3/H,O -0.316 -0.316 -0.0130 0 0.54254
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filtrate was placed on a rotary evaporator for 4 hours

to renove the acetone.
whedoems426) Synt hesi s of 1-hexadecyl
tetrafl uoroet hanesul f onat e
-3-nmet hyl i m dazolium chloride (17.0 g,

1,1,2,2-
| - Hexadecyl

The reacti on scheme i s shown
- 3- net hyl i nPCIEHES1006/004230

0. 0496 noles) was partially dissolved in reagent-grade

acetone (100 m)
stirred vi gorousl

Talil’e f

0. 0495 nol es) was added to reagent grade acetone (100

-IURAEISPRT Pl

in a large round-bottoned flask and

Pot assi um
HeoEiak s PefamaneasBs- k5 10.9 g,

m) in a separate roundbottoned flask, and this
Binaryol uti on was [cRLERY! I|WP.pdled t g the Ix~ hexadegyl -3{ 0, COP
| i mdazol i.um chljoride spl uti on. The rieacti on
Sysfemsglszi re was hedfféd at éBadegrees C| Mrgers r|enpdot or kW
i bRXI matrel y[ 164 EaeH T O gg Xture tr
Rzy[bmﬁ?ﬁfgéed usi ng ZS%‘% e Pl‘lt gl ag% unghgé tlo @?;ve ﬁ?g 0.319
R-32/[bmih][PBs]JKCl  preci pig@at ¢ fosed, 2ansl { hedd4 | t]r at7g.iwas 2504 | 0.385
nl ’\Qﬂd oh—-a—rotaryv e\ nnnr ato fnr ] horlwl_'rc t 0 renpvye
R'32/[meIHHBg€]etone The2# &% ct |o]r10§chen§e4ls shth el el i 2504 | 0.330
R—32/[em ][E ST of 1= ue fth’ HOWe T OZPT TUMed e 25250 2 1 0,386
tetra Iuoroethaneu f gnat'e
R-32/[pmbyIBMadecy! - 3- me4sy/| il m da@sol | umoohl ordgde (]1780.89, | 250.4 | 0.387
00458 pples) %Tﬁa!‘t_j—aj'_! ydissolyed in r pa_%gnl__g;adp
R-32/[dmpial BMeM200 | $4%¢ & 160§e | dirdd- bot¥ofred f Fdsk | 2504 | 0388
R-32/[emim][BMelI] 2486 1106 9.26 91.1 81.2 250.4 | 0.377
R-134/[bmim][PFg] 810 322 4.38 88.8 68.5 165.5 | 0.348
R-134a/[bmim][PFs] 1015 414 10.66 92.4 83.7 150.8 | 0.254
R-134a/[emim][BEI] 1015 414 9.46 91.4 81.8 150.8 | 0.308
R-134a/[bmim][TPES] ~1015 414 8.57 90.5 80.0 150.8 | 0.306
R-134a/[bmim][TTES] 1015 414 7.67 89.5 77.8 150.8 | 0.301
R-134a/[6,6,6,14-P][TPES] 1015 414 12.42 90.8 83.5 150.8 | 0.269
R-134a/[bmim][HFPS] 1015 414 11.38 92.8 84.6 150.8 | 0.218
R-134a/[4,4,4,14-P][HFPS] 1015 414 11.92 89.9 82.4 150.8 | 0.302
R-152a/[bmim][PFs] 907 373 13.27 94.1 87.0 247.7 | 0.300
R-125/[bmim][PFs] 2011 909 16.49 92.2 86.6 82.4 0.128
NH:/H,0 1548 615 2.54 59.5 36.1 1112 | 0.646
H,0/LiBr 7.38 1.23 4.08 66.3 50.0 2502 | 0.833

® Cycle conditions: Ty / Tuon ! Ty /! Taya=100/40/30 /10 °C, and m, = 1 kg-s™.
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and stirred vigorously. Potassium

1,1,2,2-tetrafl uoroet hanesul fonate (TFES-K, 10.1 g,
wQ204569126p1 es), was added to reagent grade acePCHESIRGW4230

m) in a separate roundbottoned flask, and this

sol ution was carefully added to the |-octadecyl - 3-
EXAMBLE &i dazol i um chl ori de sol ution. The reaction

1 XL Ur ¢ 5 ofar
O T s A e R e S L T
hekafhi@opHospmiang([Bulim]PFef rit gl ass funnel to renove the

white KO precipitate forned, and the filtrate was

e

°Csx%rh§§dr§ssﬁlfe %afn%é oRYh-6 to (o ba2 wiredd BR) sombi@ies! (X)) were

1,1.2,2- tetrafluoroet hanesul fonate | m dazole (19.2 g)
mesasreddiding 4 gravfmdtet nabnpbialefice andnthe Sdffesivijies E)yvgrescalculated
shaker tube reactiqon.vessel. was fill W -
st GORCIPARSITE GOt s Here- g Yidel shfentraion (Co),
AP A8 QbR cd8MtratIR AR £E daRulht@BsoViRslityaKl Puirg etbovprbhided
nitrogen. The evacuate/ purge cycle was repeated two
intherteblei mes. Tetrafl uoroet hyl ene (TFE, 5 g) was then
added to the vessel, and it was heated to 100 degrees
C, at which tine the inside pressure was about 0.72
MPableASsat b, T5E apd €56 previde claensad Qe t @t BRae, and Xmes at
reaction, nore TFE was added in small aliquots (5 g
tewperaiuresoofifd; Ad.ai0pndper 4t resgeEivelsur e roughl y bet ween
0.34 MPa and 0.86 MPa. Once 40 g of TFE had been fed,

Table 5a

T P Co Cs D Xeale. Xineas.

(°C) (bar) (mass%) | (mass%) (m*/sec) | (mol. fraction) | (mol. 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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t he vessel

was vented and cooled to 25 degrees C. The

THF was then renoved under vacuum and the product was
wo ameosael stilled at 40 degrees C to yield purECpUSIHOE004230

as shown by 1H and 19F NWR (yield 44 Q).

| odopr opane

6,99 g) was m xed with

TaH‘etﬁ,& ,2,2-tetrafluoroethyl)imidazole (16.8 g) in dry
acetonitrile (100 m), and the m xture was refl uxed
for 3 days. The solvent was renoved in vacuo, yielding

T a yel BW vvaxy €lid (yj€td 29 gD The pfXauct, X meas.

ok Prop 1,2,.2< traluo o)} ) ' ol i.u .

((‘rL)odi de IWJ comqnla s F i SE%S @?‘aér%éoﬂ (mol. fraction)

2495 Lo¥9esM [ g 4 Z/o Szi ZH) ’1 @EWPO( o.ohz*)i - 1210018
?d, 2H) 8 o5 ?s, IH) ]l Todide|(24 g) then added

2500 60| 19962 dHM@cetonel 690l | oWk IB 115 @.0@6of 0.076
potasrfl gm-—1-12 2~ tetrafdoreetthanesul-Hbrate—+n—+5—

258t dr Zégéfomzz'?-he i k40 e was JA4-Lh hD-28p degr eeg 9889
SPUCTT] §ig7and |3 gIeTISe WikTe Pred ST € gas T ormed_ 553

potassium i odi dé). The 'm xture was cooled, filtered,

248nd t h6.4969 vens.2Br om the0.A7 | tr gtSetMa$l r pm9ed using (4.387
rotarv avapor % or —f urt herl potassitimiodidewas

24Penove 6-99A0le flllis?-r at i pH-O! Oﬂ'he Gt T Wh 478 ther | 0471

K pUri Tigdahy a %6 aCel sy 11 0] §lssgNar coal | glsg
? of cel |?e ang 1%@(Lof 1sg|) 6|ca gel . ETE ‘ngxt ure was

248t i rred.obe4 21 R0BRs, f)232red driB4mhel spDwaat renoved.622
Thi-s—yielded-15-g-of a' H-gui-d—shown—byl-N e
desi r ed pr oduct .

Table 5c

T P Co Cs D Xcalc. Xmeas.

°cO) (bar) (mass%) | (mass%) | (m*sec) | (mol fraction) | (mol. fraction)

49.6 0.0992 0.00 0.12 476E-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 441 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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EXAMPLE 3
Solubility of pentaflnoroethane (HFC-125) in 1-butyl-3-methylimidazolium
hexafluorophosphate ([bmim][PFg]

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 (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 (Xca.) are also provided

in the table.

Tables 6a, 6b, 6¢c and 6d provide data for C,, Cs, D, Xeate, and Xpeas at
temperatures of 10, 25, 50 and 75 °C, respectively.
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4.2 (t, 3 =7 Hz, 2H); 5.8 (dm J =42 Hz, |H); 7.7 (s,
IH; 7.8 (s, IH; 9.1 (s, IH. % Wter by Karl-Fisher

W paos@g42en: 0.12 % Anal ytical cal cul ati on forP@OHS2006/004230
2F6N2BS: C, 35.7: H, 4.4: N, 7.6. Experinental

TaBfsghts: C 34.7: H 3.8 N, 7.2. TGA (air): 10% w .
[ oss @340 degrees C, 50% wm. | oss @67 degrees C. TGA
(N2)' 10% W . |l oss @335 degrees C550% wt. | oss @ 361

deare Ext-ract-able—chl-oride by ion chromat agraphy:

chl < TTAOT C

T 27 ppTP 6) Synpthesi s oféﬂ- but yI 8- net hy Xeiedazol i um| Kmeas.

O nf AL 1] BasTELT| GRSTOT) SBORML ot A BB | Gmol. raction)

99( Bm rr ©09920. D09) and deidni zed 2vepeer2 (I1§op3) Were [oo13
ed—at - room-t ature im a 200 nm flask. At

TCo—&t

10. pol @18t at UPd3in a s]eﬁ)%r at e | 20GEM 1 | &8KJ pot assi 034

anacitl

103 T K%, 4| ) 2es. di 220t ved | P kol on] LB wet or ( 990074

1001) Thes60 t wo3.56l uti drszsver e ¢OrmiEngd Bd. 1 5@0M 0.125

epperature and allowad to stit magnetilcally for 30

lo-iin' n. uhIeed pospPBve ni t&%ﬁgen P a6lr el t|o0. t8le a 0.182

| i~ d e +

9.9'Di pha 49 6@ Xt OWFL h g ZUCbTI Z%ﬁ'ﬁ%{%d’og dl Fh:o t 6.250

bot t om phase. e laygrs™were $

10.aqueousopirase| y@asg ext ragted W { 03X °0 dri3Por T 1 0NsS| gh3g

methylene chloride The conbi ned organij Layers were

99dri ed ©9%2 magheL um @60k e ah6.12Briderftd4i%d i n 0.454

10.0 7.9979 - - -- - 0.651
Table 6b

T P C, C; D Xeale. Xmess. ~
(°O) (bar) (mass%) | (mass%) (mZ/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

249 9.9977 14.20 18.16 7.82E-11 | 0.344 0.352
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vacuo.

The col orl ess oill

product was dried at for 4 hr
at 5 Pa and 25 degrees Cto afford 15.0 g of product.

wa 2686y DVSO- d6) d -56.8 (d, JFH = 4 Hz, 3F)PCFUS2006/004230

119.5, -119.9 (subsplit ABg, J = 260 Hz, 2F); -142.2
JFH = 53 Hz, IF). 1 NMR (DVsQd 6) d 0.9 (t, J =
Taix’mﬁz 3H); 1.3 (m 2H): 1.8 (m 2H): 3.9 (s, 3H):
42(tJ-70Hz,2H);6.5(dtJ-53Hz,J:1Hz,
)7 7 (s . s HH)y- O 1 <{S—|H. % Water hy
T Karl - Ffsher ti atl on 643 ppm Dhnal yt| - Xeaecal cul at i eas.
ocdhor C 6F6] ‘0 o/\H: :
cn O STONIRoAF | Gt ey | s | oo o
49.0ai r) ] 01086 w olooss @ B@B2 degr 44945, 160%9\wbo T 0ss @ 0.000
rees Cl TGA (N2) : 10% Wt | oss 324 degr ees
49@ 50/55?896% 06818 351 (&8P ees C42§&1hc asns chI ori dé.013
e aphy 1= "ﬁ)pm
49 but /Il(gggg) 191 i"m daon mil, | 42§91Eﬁ’1‘ Jgpa 0.027
50.0per f g@@p@th xyet hanesps f onatle (M M TEbF] 0.041
| -Butyl-3-nethylimdazioliurn chloride (Bmmd, 7 8|q)
49.8nd df §986%t01é-9§150 344ere ¢dntiitaed p0.0660m | 0.056
5072'6“p FoHbF T 1230700 s 1 AN g G RGT et e e 570
49.9 5.9961 3.29 3.80 5.14E-11 | 0.086 0.085
49.9 7.9970 4.38 5.25 5.55E-11 |0.116 0.116
49.9 9.9958 5.85 6.82 5.87E-11 | 0.148 0.148
Table 6d
T P Co Cs D Xcalc. Xmeas.
(°C) (bar) (mass%) | (mass%) (m2/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
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separate 200 m fl ask

pot assi um

[,1,2-trifluoro-2-(perfluoroethoxy)ethanesul fonate
WO TBESs462 15. 0 g) was di ssolved in dry acet oneP¢B082006/004230
These two sol utions were conbined and allowed to

sl o1

stir

magnetically for
EXAMBIsEdre. The KO precipitate was then allowed to

SIFE0I34a) Inl-bleyles-i t . The
tered once_ through a

iﬁgil-wfgafﬂm?%tﬁ

nm xture was

hhé
fil

12 hr

under

posi tive nitrogen

meth?ﬁhiiaﬂomm haerfhadopirasphatei(brobndbEd a fritted gl ass

unnel

mea

tigha

ecipg

to renove the KO .
vacuo first on a rotaqv

A solubility mmd difigsigity sy

till
°C QT G PEEHA

) "was added to the crude product,

wRsheetri flvroteilant 2ed theadidius{atiss (
Thesol uti on was _dried ov

r, magnesi
using ol ewedimeasiopglnghugiop rfn9‘§eé &6‘3‘3’8‘%’; : J\I}lgé {

Gh

i

e product as

The acetone was renoved in

d t i
T S it Y R M 7

3 16Ul 95 brenmebubt ovjulskriase Cfiyks eere
YRS p%ﬁl%{éd

haﬁeameﬁmiohhgo),

viscous | i | ' Rd Goluboty (Kel.dare dledprwiied
fina %%ﬁ%k‘ﬁ“ %"n-%g‘@f%ﬁbs(,@gém‘? cAigiaddgo 90. ?i@%(sﬁab(s])p?ﬁt ABq,

-87.9,

in th¥ffble 147 Hz, 2F); -120.6, -122.4 (subsplit ABq, JFF
258 Hz, 2F); -142.2 (dm Jm53 Hz, IF). 1H NWR (CD3CN)
d 1.0 (t, 7.4 Hz, 3H); 1.4 (m 2H); 1.8 (m 2H);
f_@b?e{ g %l;') rrchadl (Ad, provide? dataHor 2%) Co615 Xem 20d Xgg at
: Fﬁf .4 (s, IH; 7.5 (s, IH; 8.6 (s, IH. %
temMérit@fesloy 18529, SPiasldh °Ch taspretigaly- 0. 461 .
Table 7a
T P Co Cs Deff. Xcalc. Xmeas.
°0) (bar) (mass%) (mass%) (mzlsec) (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
99 2.4907 14.39 19.36 2.67E-11 | 0.401 0.402
29 2.9974 20.96 27.51 5.33E-11 |0.514 0.516
9.9 3.4900 - - - - 0.721
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Anal yti cal
3.7. Experinental
WA 060842612 0ss @ 334 degrees C, 50% wt

cal cul ation for

Resu

degrees C. TGA (N2)

TR T

I ts:

10% wt

Cl12H16F8N2OM4S: C, 33.0: H,
C 32.0: H 3.6. TGA (air):

. | 0ss @BBBUS2006/004230
: . loss @330 degrees C,
| oss @365 degrees C. Q Synthesis of

yl (tri-n-butyl)phosphonmm 1,1, 2, 3, 3, 3-

hexaf | uor opr opanesul fonate ([4.4.4. 14 JP-HFPS) To a 4

1. round bottoped flask was added the ionic liquid
T tetrapgBeyl (tr|Cs- buty]EphosphoMesm chl bXigle Xmeas.
o \Cyphos(r L| 16 5@3 dio ed te 000 .
( (ﬁ_‘ ) - Tﬁ%‘r Jﬂ%‘z%;/gfrj@ naes?‘%’gal I?y %‘l’z)rr ?}hfria%&?lg V\A@Ol- fraction)
25.9ne phasge2 I N[ a.1gepar at@2@ 1 T1asieE-pot p§poeIm 0.011
1,1,2.3 3, 3-hexafl uoropropanesul fonate (HFPS- K, 2142
24.8) vva>069&bol J@d7i n dej b zed V\/dt@ﬁ—'(th(DOM) These=0.042
UI Ul. —1S TTI1 IICd’ ﬂnr’GIFJSt I JIF ed—Hn f nas*} H ‘Vle I
25 Br ess Jp,g§ “1§ggrees or 1 Hrﬁgrjgjduc@ﬁg a mlky %085
25001 te] pubgy Thesgpl ST oW yo SOl T'dibigoed; { 4By 189 and Was 13(
rempved by suction filtration and then dissolved in
25.8h! or pt.8930 (3004 ). THEO? enmi 1i2r&anhhe00L§75 ayer (pHOA75
b nvi-%e ad onrece— o ha t h Ch! OF C'F arm [aYa) nlclt); -'I:'_lh_e
24'§h| or 3?%9% yZ';g wer ewg%:gjnbl ned Zaﬁ*?g" %sh@g %VI 0.222
25.8queols o501 UM Gar bonat £ ol Ut 1orgsEap) M 62@ fefmve 0.273
any acidic inpurity. They were|then drijed over
24.fagnesd.a00Gul | 42.6]1 sucit 1462 fi | § 8ra9E-1lanp0.82%luced i n| 0.323
....... fivraot o o
Table 7¢c
T P Co Cs D Xcalc. Xmeas.
°O) (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 2.42 448E-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 4.23 2.33E-11 |0.110 0.108
50.0 2.9897 4.43 5.10 490E-11 |0.130 0.130
50.0 3.4933 5.39 6.06 5.00E-11 | 0.152 0.152
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EXAMPLE 5

Solubility of 1,1,1-trifluoroethane (HFC-1432a) in 1-butyl-3-methylimidazolium
hexafluorophosphate ([bmim][PF;]

A solubility and diffusivity study was made at temperatures of 10, 25, 50, and 75

°C over a pressure range from 0 to 7.5 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 (Cy), and calculated solubility (Xcq.) are also provided

in the table.

Tables 8a, 8b, 8 and 8d provide data for C,, Cs, D, Xecaie, and Ximeas at

temperatures of 10, 25, 50 and 75 °C, respectively.
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positive N2 pressure at 26 degrees C for
producing a white precipitate of KO .
woer®engnrered by suction filtration,

12 hr

renmoved in vacuo on a rotovap to produce the crude
Chl orof orm (100 m)

Ta%gg

ct as a cloudy oil
dded,

(48 9).

and the sol ution was washed once with

The precipitate
and t he acPCDIS200&604230

dei oni zed water (50 m). It was then dried over
nmagnesium sul fate and reduced in vacuo first on a
T rotovap and t 1€ra on a [€gh vachu]}n line (BuRa, 24 Ximeas.
.. degree fo he | el | produgct as .a .
CQyi gh ftif’ el l )\9\?’8 /"i gﬁ%s 3| e|58‘jé} 1@?&Nﬁ/‘lﬂc@%¢(§m°l‘ fraction)
115) 0 189936 (S{03B): - 8&n.fo -90 3.(08P5D] pooABA,  JFF 19,003
147 Hy, 2F); 1121.4, -122 4 (sdbsplit ABg, JFF = 258
12E)|z 2-@997(143 02(de JF(H% 53 8,5 1IEF) 2 wo&m 0.029
LIIVU A A n 6 bll! ) 1_6u2\ 6 6 \ II; .I.Ull
11§ mﬂ; 1099 m 8H‘593 ,%1154} 50854 4m 540.060
12.04 ' 1 .9740 V&l glgsDy Kar) sdr Shef 383 1 PHO78 0.093
0.11. Anal yti cal caI cullation for "C36HFOFBO4PS: C. 55,4:
IZBI 8 93 9RN8 0. 03. OExper i O3 aI Redu)4Bs11 G 0597 2: H 8 2):124
I“’ TCA (A1 r\.: l_V/ TUCu @Q1L Pal HLDQ& a TT
12.8¢ . 3§§95‘3394c}égrees %:23 NIESOE.TT]ELOJE\XE | oss @ 0.156
1281° Cf°§f98§15 Cl 5397 W .| § @85S @ FAUAL0T €6 152 ) 0.188
Synt hesis of tetradecyl (tri-?z4{hexyDphosphoni um
122, 1, 21 69075 uor 6:53- 7.63 1.94E-11 | 0.223 0.219
12.2 7.4832 7.80 8.31 2.03E-11 | 0.239 0.235
Table 8b
T P Co Cs D Xcalc. Xmeas.
(°C) (bar) (mass%) | (mass%) | (m*/sec) | (mol. fraction) | (mol. fraction)
25.0 0.0951 0.00 0.01 1.53E-11 | 0.001 0.004
24.9 0.9970 0.24 0.69 2.05E-11 [ 0.023 0.023
24.9 2.0054 0.84 1.33 2.56E-11 | 0.045 0.042
24.9 2.9895 1.40 2.10 1.83E-11 | 0.069 0.068
24.9 4.0147 2.26 2.89 1.77E-11 | 0.093 0.090
24.9 4.9886 295 3.60 2.24E-11 |0.114 0.112
24.9 5.9855 3.71 4.33 2.73E-11 | 0.136 0.134
24.9 7.0019 4.47 5.12 2.83E-11 | 0.157 0.155
249 7.5011 5.14 5.53 3.61E-11 | 0.169 0.165
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ftrifluoronethoxy)ethanesul fonate ([6.6.6. 141P- TTES)

To a

100 mi

W@ Spens4265copi ¢ grade,

IL 101, 20.2 g).

unti |

round bottoned fl ask was added acetone

50 m) and ionic |iqui dPCT/US2006/004230
tetradecyl (tri-n-hexyl)phosphoni um chl ori de (Cyphos(r)

it was one phase ma separate 100 m fl ask,
Tapldg &ssi um

, 2-trifluoro-2-(trifluoromethoxy)ethanesul fonate

(TTESK 11.2 g) was dissolved in acetone (100 m).

The m xture was nmagnetically stirred

These

ofutTo

Wer € C

brmed

F—stirr

UIIUUI

posit|ve N2 pL_e§sure at 26 degrees C for™¥® hr Ximeas.
(°Qr odut{bmg) a WhinessPb)edi (@dseys O{miske) hﬁndﬂr AGkbdd)al @mol. fraction)
was-—renmpved by suction filtratiion, and acet one was
49.P enove@10%0 vag Q@Oon a rQ;@bvap td-ﬁ:liEecheOf)% crude |0.001
roau Uy ot The- Pt gatct—wa "Ut ed—wi-t-h
4ggthyl Pﬁ%ﬁ 183% 0 hen wadHEal onc@0ld ¢ h 0.013
50.dei on z.ed45lvat 4)150 m1)0.84 W Ce 'aifE_ AN BEHEPUS SOdT Uo7
carhonate solhtion (50 m) to fenove any acidic
509rrpur 3-99023nd ﬂ\@ﬁce norie2awi t h ¢2i9oHtled Wadzr (50 m .040
e T I Ul —wWa *L‘An UI; et (SATB o & R eSsHHHm-
5O(si,ul fat%’ﬁ%d re '3ged i ]vé\%—uo fi SQBE() ¢lg$%vap and | 0-054
50.0hen pnpe4di ghrgacuum|idge (4 aa0%§h09916@§‘14 TOr 18 067
hr to yield the final lproduct as an oil}| (19.0 g, 69%
m%aa“@?m@ﬁmd%w -60] 3.75Fdl1 JRO®L Hz, 3F)] 0.079
50.0 120787 0525 7 2 63 oS P o B T35 57511 1 0.004 0.092
50.0 10.0030 | 3.56 4.16 5.51E-11 [ 0.131 0.127
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J 260 Hz, 2F); -143.7 (dm JFH = 53 Hz, IF). 1H NWR
(€2 2) d 0.9 (m 12H); 1.2 (m 16H); 1.3 (m 16H);

wazeepsa268H); 1.5 (m 8H); 2.2 (m 8H); 6.3 (dreT/UFH06/004230
54 Hz, IH). %Mater by Karl-Fisher titration: 412 ppm

Kieegytical calculation for C35HEOF6APS: C, 57.5: H,
Ta9. S:HN 0.0. Experinental results: C 57.8: H 9.3: N,

0.0. TGA (air): 10% w. loss @331 degrees C, 50% w
S 359 degrees—C—TGA(N2) - 10% wt .| oss @328

vaj TSAY T

T degre C SO'QM. I osscs@ 360 c&gr ees G X)alcSyInt heS| dpxmeas.
oc9f I-g - 3- AfRbdymi | uor .
¢ (?r ent aédl%ior oe &g) fctona% elj r(nm iy El\ If @ (mol. fraction)

75.60  r ou@do%ot t powd f aslo.@\zas adds®6E-12 [ 0.000 0.001
| -ethyl -3-methylim dazoliumchloride (EmMmmd, 98%

74.98.0 é}-og% r =Qd§nt gr|dbEo acet )ﬁé8@1Hb nﬂ)§)09 The 0.009

r-aa ERT- 2 Al

. -\f
74 he mﬁr9n gugls?’glyved rq:%’; seﬂzwélﬁcﬁ)s OOWH ask, 0.018

74, pot as(s3.q001 0.67 0.81 1.07E-10 | 0.028 0.027
| -2 2-tetrafluoro-2-I(pent af | yor oet hoxy) sul f onat e

'1'1

74%TPEI\IT‘JA@01(§ 430919) wad-@R ssol Vé@ZEFﬂ(}edg@?fﬁ grade 0.036

e Ay A l
74%C$II gs'ﬁ producllin( ;Il\jiqrfeéjb?écﬂzﬂipgfc@ (@{5 The [0:044

75.0nM xt urroyms stinned at 1268 degr eegof foor] Bodw - The K53

brecilpitate was then A oed 1 settlelleaving a clar
75.9el | qw-Q&ut | bh9Above |i1t94 The KEITORed rlenesded 0.061
74.9 10.0035 | 2.65 2.76 1.90E-09 | 0.089 0.083
EXAMPLE 6

Solubility of 1,1-difluoroethane (HFC-152a) in 1-butyl-3-methylimidazolium
hexafluorophosphate ([bmim][PF]

A solubility and diffusivity study was made at temperatures of 10, 25, 50, and 75
°C over a pressure range from O 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 (Co),
final saturation concentration (Cs), and calculated solubility (Xcalc) are also provided

in the table.

Tables 9a, 9b, 9¢ and 9d provide data for C,, Cs, D, Xeare, and Xpeas at
temperatures of 10, 25, 50 and 75 °C, respectively.
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by filtration through a celite/acetone pad. The
acetone was renoved in vacuo to give a yellow oil,
wakioeks4zes t hen diluted with chl orof orm (100 nmPQT/UT1966/004230
chl orof orm was washed three tinmes wi th deioni zed wat er
(50 M), dried over magnesium sulfate, filtered, and
reduced in vacuo first on a rotovap and then on a high
Tabbc89am |l ine (4 Pa, 25 degrees C) for 8 hr. The product
was a light yellowoil (22.5 g). 19F NWR (DVSO d6) d
-82.9 .(m 2F) -87.3 (s 3F) -89.0 (m 2F) -118.9

S, 2Fh. IH NVR (DB 1 =+ 3H)
T ( { eTu 1?)( J X’ 3—Hz—3H ?%leas

39(s, 3H); 4.2 (q, J 7.3 He, 2H) 7| s, IH)
(°Q)s, | Hbarp. 1 (@madsPh) |[%nmdase) meF%éd) l(iﬁhﬂ[ fractml&_| (mol. fraction)
titration: 0. .17 % Analytical ¢alculatiion f
10.9N0OaFR897%, DB.IO: H, |08 N 6263BxPer| 081t al 0.021
results ol 28715 H—2Z2-9 - N—66—-FCA (@& 1006w
1O'Poss gﬁ%% deg}'ggs C 5%8}3 W . IgsléEé-i4O oligjgr ees C | 0103
10.0GA (N2p933 10p8 8. | 09%.1@ 349 degieees G 026 Wi. T0%$9 210
@406/ degrees! C__U ) Synt hesi s|of
10.9et r abLi#§8pho séﬁéni um . @Ot riflf@O08-2- |0314 0.301
fperf eth tharesulfonate—(FBP-—HPES)—TFo—a—200
9'9m rouinl'gb ottoir%lgfl as.ljl 5 add gc@oﬁuﬂon dz:ggz wat er (| 8407
9.9m) anzl4952 | 15.52 20.42 6.44E-11 | 0.525 0.521
9.9 3.1963 - -~ - - 0.797
Table 9b
T P Co Cs D Xcalc. Xmeas.
°O) (bar) (mass%) | (mass%) | (m*sec) | (mol. fraction) | (mol. fractidn)
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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tetra- M but yl phosphoni um brom de (Cytec Canada Inc.,
20.2 g). The m xture was nmagnetically stirred until
wao b@eded2od al | di ssolved. In a separate 300 m PET/ES1006/004230
pot assium , |, 2-trifluoro-2-(perfluoroethoxy)ethanesul f
Tablw9e (TPES-K, 20.0 g) was dissolved in deionized
water (400 m) heated to 70 degrees C. These sol utions
wer e conbi ned and stirred under positive N2 pressure

T at 26 geyrees ﬁ for—2-hr—produging—a—tower—oily layer
The pfoduct of ™l ayer separged and %falcut ed Wi t h Xmeas.

Cqyhl or i ( 3D(hss% ) Namasgsdyed (ﬂl%&r)w' @nﬁ”fr%@éf&ﬂ“ﬂ (mol. fraction)

sodium carbonat e solutjion (4 ni any acl’d

50i1npur 0.992land| 6hBee ti|fekS wit h|dei3@nizeldo.oet er (20 | 0.007

rrnnnnel um-siulfate and

>0. z?educ %O‘pﬁvac@gg;”\s‘t ]g‘}ﬁe; r of 8v2E-kind 99¢h on a hi W60

50.yacuum koyie (8168, 24 [degy ees pd@n"k[o%ég yretd 5%89

final!l product| as a collorl ess oi % yi el d) .
50. (igF |\|\224Q6932ca 2y2d -86.381(s, 3—)543E8E1 0,0.149.0- 8 0.145
STIOS £ r\|_JU| H-F—=3147 Hz  2F -11912 -125 8
5O?subsp‘? 5051 ABq| O-3EF = 4983, 2 ?88E11411 02%m JFH =| 6354

YO O 1921 N

Hz, TF). IH" (CD2a 2y d 10 (t, 3 =73 Hz—12H)

1.5 (m 16H); 2.2 (m 8H); 6.3 (dm JFH = 54 Hz, |IH).
% Water by Karl-Fisher titration: 0.29. Analytical

Ta'@x 9ch| ation for C2OH37F8O4PS: C, 43.2: H, 6.7: N, 0.0.

peri ment al
T P C, Cs D Xeale, Xmeas.
(°O) (bar) (mass%) | (mass%) (mz/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
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results: C, 42.0: H 6.9: N, 0.1. Extractable brom de

by ion chromatography: 2 1 ppm The gas solubility and
wa@lpdobsd291 t y nmeasurenents were nade using a grBYI/DE1006/@04230

m cr obal ance (Hi den |Isochema Ltd, |GA 003, Warrington,
ExXdNpL e | GA design integrates precise

conputer-control and neasurenent of wei ght change,
Solybdyy of diftrntomethaae (EIC32)indnhilyd 3tmbihy liglid soMunt  and

renroduci bl e det erj nati on of gas
tet??@'é’(g‘f‘f%&@@ﬁ’b’f‘ﬂhﬁﬂ i sotherns and isobars. The

m cr obal ance consi sts of an el ectrobal ance with sanple

aneblg i ; t.s,d.Nsi [ Ss.Steel

B S S T iy e B B e og 75
°C Bvanpl pretsiyre Taideefrbf. 0Tioe 1bMarnekerbasic Sondiliks’ B0IE ) Afere

0-100 ng with.a resolution of 0.1 ng. An enhance
me e 8 eHvapeisls mickbrlanasand the) diffusivitiss (Dapeent ealoflated
usifP8r el : : i nstal | ed. .

e el Aihehflodd] ety Alct Al TP, IR delientinion (o)
final gatutesiop apopbantration ECeandacaiculidied selabiliey (X&) &eall®provided
intTgu[e gearrpl e was dried and degassed by first pulling a

oS’P € vacuumon the sanple with a di aphragm punp

(Pfeiffer, nodel MPO055-3, Asslar, Germany) and then

fully evacuating the reactor to 10 8 bar with

Aebled dPanpOt, PrQsi #ride 1 0d pooidile Tigtd 71, GMhiD,eXypdend deep at

| heated to 75 C for 10 hr with
o 2SR ke Rt e o 10 o

renot econtroll ed constant-tenperature bath (Huber
M ni stat, nodel cc-S3, Ofenburg,

Table 10a

T ' P Co Cs D Xeale. Xmeas.

(°C) (bar) (mass%) | (mass%) | (m*/sec) (mol. fraction) | (mol. fraction)
9.9 0.1002 8.35 9.20 1.76E-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
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Ger many) .
wat er

A 30 percent ethylene glycol
m xture by volune was used as the recircul ating

and 70 percent

WO bavbs4261 h a tenperature range of 5 to 900C. HE¢EBUS2006/004230
sanpl e mass slowy decreased as residual

Tagié:‘

[east 60 m n,

wat er and

R§pVer e renmoved. Once the mass had stabilized for
the sanple dry mass was recorded. The

percent weight loss for the various ionic |iquids

tested was in the range of 1 tg 3% The | GA003 can
T operat & i n bot Kedynani cCand st atP ¢ node| XBynam ¢ nodemeas.
ocqper at | provi oy CORL | uy f1l2 of [ gas, (max. 5( .
(dém m 1l(l})i{}gast t(ﬁ'g%s/g?rpl gﬁé\sﬁg%t re(%e’)%ﬁlc us &93‘ &ea&(“’“) Qm ol. fraction)
2500nt r pbpokhe setpipoi nt| @ressur .3 B[E@aji C[ GBE¢ OPer at | Ypos
introgduces gas into t top of It he bal apce away fr0|Jn
250he safPe8 and 056t h t hiel &Hmi tt gric¥oEaht pROFA4st val ve$).070
P N | + s P N TSR S D PP D All abecakinti AN
UTTL ST T UT 11T M SUT T, (v LI
25'peasu I?#Bﬁ?s q@r perfo%‘zzd in szmoﬁ-énghe sany 101 74
25.penperl 3logge was gyeasurefioy th g goxxe; K THeksocoupl e 270
with an accuracy of 0.1 C The thernocouple was
25.00cat £8.4PA%i de 9t23e r eactle?6 next| SLWR-he 50AH8 e 0.356
Aot P Tha ar dlaonliat il it A NAA ha cat Nl Nt
ulit a e T ] et T CT—pPoT Tt
25?9en‘pe‘§?8§% autlgﬁ'gti cajlaﬁj\ oW tﬁfﬁﬁ'grﬁt yg-FéQ 0.434
25.0egul agisons ac¢uyagy of 1dk3l OC| oy 11 SPoREH ™ (al 1935710
2550, _and 7% 0C) werle neasured beginning with 10 C.
25.0nce {A&%Besi | 8U.8Benpertdf e w9 HEhikvedsahd st abl ¢,0.583
the—admi-ttance—and—exhaust—val-ves—autonat-ecat--y—opened
and closed to adjust the pressure to the first
set-point. Pressures
Table 10c
T P Co Cs D Xcalc. Xmeas.
(°C) (bar) (mass%) | (mass%) | (m%*/sec) | (mol fraction) | (mol. fraction)
50.0 0.0977 0.01 0.07 8.71E-11 | 0.003 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 8.05 8.91 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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from10 9 to 10 1 bar were neasured using a
capaci t ance nmanonet er
wpe@ssses from 10 1 to 20.0 bar were neasur edPCEUSIPOE004230

pi ezo-resistive strain gauge (Druck,
oqirfield, Regul ati on mai ntai ned the reactor

pressure set-point to within

CT).

(Pfeiffer,

4

nodel PKR251), and

nodel PDCR4010,

to 8 nbar. The

pressure ranp rate was set at 200 nbar mn"1 and the

_tenpe
T press
ochar,
CQ

at Hure
et

Pe 1

{}g ieve

rﬁi?ﬂ.«;f t he

ads32P3

a?*' were

was -set at

1C. m 1 The _upper

s€ai nl ess It eel

J(’%o ensu

i

e¥eteor was 2() Xaheas.
r%m%I fr]ach ?lé)nq %l’nol. fraction)

r

75.bi me

saml

f 0.099RS|

S _\Were

ge d equ
mai_nt ai n

|(r3)r| um

set4point fo

1teE-1®ni ¢.obi qui d 0.001

. a mnjinmum of

748 hr

Ni)-f)ﬂ563 maQ2fum t i

rﬁaS‘but oﬁ

12810 T]

£ 1l

h&023GA net hod 0.023

o

xpl O
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Iop7 andas

gpgAKe. The
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oA ¥ or

%5éh iso

thes m TH

8 .49&- Hen

0. i%ﬁl axat i on} 0.123
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74.enaly

devi a
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gh4at 1
he nmodel

Pog t he 3
fromth

aqcepl APl

€.8341 age 0.183

acquired data was set

749t 7

n%79%hd

| hddt ar 96

st

| QL2 (0212

he

T
T

acqt

: MRy A o oot
Htoen—was—set—at

a Uyl bal

af 1 ey
Val UTUI = - ITU. TTC

tenperature variation during an isotherm was

mai ntai ned less than 0.1 0OC mn 1 .

Safety features of

the | GAOO3 included a pressure relief valve and

EX&MPLEmer at ure
Solubility of difluoromethane (HFC-32) in 1-octyl-3-methylimidazolium iodide

([omim][I]

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 (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 (Xai) are also provided in the table.

Table 11 provides data for C,, Cs, D, Xcate, and Xyneas at a temperature of 25 °C.
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contr ol

for the reactor.

val ve was replaced with a DuPont guideline relief

WO 200608421 r cl e- Seal
W | m ngt on,

DuPont ,

Del awar e) .

The factory-installed relief

set-point pressure 24.5 bBCT/US2006/004230

To further protect the

TaBlecriobal ance system from over pressure,
relief valves were installed on the custom gas

mani fol d and on each gas cyl i nder;

nroacaclir

e—exceed

o
t

addi ti onal

25 bhar

these relief val ves
The

WCT € t0—0 1 rnc oottt Xt
T react pr over - | E:,r’rper at ur gsml nt er [}6Ck cont r Skateer #hath Xrmeas.
°MOIes dard b, I Wl n . t.he .
(Gv%/at er %Haﬁit i f glﬁgsst/gﬁ er at 8?6 3‘5’:@% %&O{fgc%@ { §mol. fraction)
25 ﬂhe fa@ﬂOG)’hat 80ie of [thes gases ItBE-Eﬁ W& 064 T T ammebl @ ooz
32—+ HEFC- 1433 and HEC-152a) he 1 GAOO3 was
23. ,f?rount BO 25 dk023cust o84 ai nl ¢4 75t Bl ¢ ads I net pur 6@48
thn en T wout T T N H+ty—6t+—=a
25'?1 ane; 211'?jélgr}mmlr g\@/i nmet rléé 3neasur g'rj181=:r}13tfs,jl @ch}orrect e:lo'u118
25.00r a novgser 02 5@ravi ti@spnal baloarce floyces 0.185
A -mmL tihigh prdssure as!described by Pinkerton,
25% éq&al 407 gh- pries&ure gr dvBRetlr i 60%437asur emenf 0.246
T h n C T i o7 f anofiber —
25'gnd ?/gtlg'g%d rrg?'g%i al)ls F;}r,%geegl §§EE§? tih 1th O°3O6
25.Canadi &002Hy dr 0h 6D Conf &1 nce, Vb®kBLIla, d,%ggd 200T) 0.362
pagest633-642)—These lincluded] (1) Chgnges in the
25"guoy t0-932¢ ds9-Alie t o dee?ﬁges f-3gEdds U4 idnd 0.416
tenperature. (2) Aerodymamc dragforces—created—by

the fl ow of gases.

EXAMPLE 9

Solubility of difluoromethane (HFC-32) in 1,3-dioctylimidazolium iodide

(Idoim][I]

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 one-

dimensional diffusion model analysis. The initial concentration (C,), final saturation

concentration (Cs), and calculated solubility (Xcq..) are also provided in the table.

Table 12 provides data for C,, Cs, D, Xcate, and Ximeqs at 2 temperature of 25 °C.
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(3) Changes in the balance sensitivity due to changes

in tenperature and pressure.

(4) Volunetric changes in

w0 bwodsrpt es due to expansivity. The gravit ati PCEIUS2006/004230
bal ance forces previously described are often of the

Taﬁﬂamf%

Wel g

results if not accounted for

order of magnitude (0.1 to 5 ng) as the overall
t change in the sanple and can |l ead to inaccurate
preci sely. Distinguishing

mass—changeswith an accuracy of 0 01 w_%.on small an
T sonet | Res | | rﬁ Ced sanpl s quant i@ es requKues know e{idGaes.
oQf the 2] o] St . JThe .
( uoyangy orr |%n}’ } qoqmsg%f)rq?rﬁlA}rgéﬂi e é"q‘mmm“}— (mol. fraction)
25.princ| paboz thepesis an gippard Tqrae exergegoon an | 9,007

object equivalent to the mass of fluid displaced. The
25. vavar d106t¢e (028 ) due0.8D buo; AdE-16s cab6aIl ated | 0.064

whe the t+he—agas spl-acee+s

ST1Q v
25'gquiva?§ﬂ§3,t f?g vol qntgfzf thqejgfﬁﬁg]r dt@T%J ect ( [/0)150
25.b1 mes| g logz4lenspky ( p (.51 07 The SQ@Sllat @8y ven (T, FPhaos

and_t gravitational jaccelerafion (). 1f the vol ume’
25.0f t hpS.6024ct | 4.8fmi ns 04)9&t ant ,| 3\B4&ahl beO@% cuI at ed | 5y293

H P T S e { Tt 1 f{Anc—if_\lJ
I LI \ IFI LA IR \C Lll\,

25. bj ect?’o%w: u€§5ncy 196{/@9 (T, ;25?5(127 0?#& ead of | 0355
24.9s1 ng| 8hoggas| densi 11 esg ¢y OVI 4€Q (oB-INE Fh SN TSOCNEeRR;3

|GA shftware,|the gas jdensity for each |gas was
25.0al cu| H0-8QR4s| Bi§3a conmpuser prograR-(IRefPied v. 7) 0.468
EXAMPLE 10

Solubility of diftuoromethane (HFC-32) in 1,2-dimethyl-3-propylimidazolium
tris(trifluoromethylsulfonyl)methide ([dmpim][tTFMSmethide] or
[dmpim]}[TMeM])

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 one-

dimensional diffusion model analysis. The initial concentration (C,), final saturation

concentration (Cs), and calculated solubility (X.a1..) are also provided in the table.

Table 13 provides data for C,, Cs, D, Xeate, and Xipeas at a temperature of 25 °C.
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devel oped by the National Institute of Standards and
Technol ogy (NIST) (Lemmon, E. W; MLinden, M O
woiiwens4262 L. NI ST reference fluid ther modynanPCT/asab06/004230
transport properties - REFPROP, version 7.0, users'
Taptd 98- U. S. Departnent of Commerce, Technol ogy
Adm ni stration, National Institute of Standards and
Technol ogy, Standard Reference Data Program _
Gai t hersburg, Maryl and, 2002). The buoyancy correction

using Linvolves nmany additiona

T object® for weighi ng th€s sanpl 4.D Tabl e 1Kca|nr ovi des A Xmeas.

(odﬁl gh1)E 2ﬁit eri g@%&é%;@g&?gﬁ f négg WU{'E Erl"i‘é?g'g)Jl o, fraction)

25.00nponembear r anganent 1 mog gur ¢ 11§H_eadSpopesa MaSS | 509
balance as shown by eq 28 Thig expressjon accounts

25Por t hB8-98% 2l p@ﬁ of a}l@%orrpondrﬂkﬂb@s WeDP6 as the |0.095

.,..I.\ Y _and 2o

5o L ERRTE T abtop (O 300t o | ScHBahts| 18t the | 0222

25bal anteosgnsi {BVITY tQ J55P. The gigsi (yogssai T ( P (333
alr )lat anbient tenperature and pressure was

25-Qubtlraé-t5@8i6fr 34196 and p6@@cause=4t0@-bbrrp@nﬁ81ts wer e | 0.428

raadnm

23 D e S o e | DAL Ga BB yor e 9313

25.bhose 97476916 saphe canfi@ner, [§FPLR) [eHYgFOoUNter | 559
weight: the other referenced objects in Table 15

25.8ont r| BUPOY esb4.b2caudel 5013 t heil 1.928- Lfer| U66Gi t i es | 0.660

P PITo Yo A Dlay, ra—densiti-es—of jont
T LB~ b |

A—4

(denomnators—+Hf—eg—28)—Physital—densitie
EXAMBLE 11
Solubility of difluoromethane (HFC-32) in 1,2-dimethyl-3-propylimidazolium
bis(trifluoromethylsulfonyl)imide ([dmpim][bTFMSimide] or [dmpim][BMel])

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 diffﬁsivities (D) were calculated using a one-
dimensional diffusion model analysis. The initial concentration (C,), final saturation

concentration (C;), and calculated solubility (Xcae.) are also provided in the table.

Table 14 provides data for C,, Cs, D, Xcate, and Xppeas at a temperature of 25 °C.
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nole fraction solubility cal cul ated w thout talcing
i nto account buoyancy effects due to sanple
weszpansi2vi ty. |In order to make a proper buoyanRgT/US2006/004230
correction due to the liquid vol unme chlange, Slsl npl e
EXOVeIfe ggti on average for the nolar vol une, n., was
used. V(T, P)=VJL (I -x) +Vgx , (29) where V1 = MN p .
Preparation epl Ssdinetylintidazvliar iodideciopom] [Hf gas in the
solution. (30) m-p (Ts,P) f - p (Ts,P) V{T,P)p (T,P)
1,3¢Bibytybimidazolinsi iod fdRr[oxinpl] iveR, presise®s andridl ﬁ\fﬁ}? Mo efal,
to e?timaterthe change in the liquid sanple vol une, "Vn
Journg};of Qrganometalie Fhymistrye 3009, 69%999-426: 3 1 can be
substituted into eq 28 to account for the buoyancy
change with respect to sanple expansivity. Besides the
douddzoler (A8 gol0uM knirhel) atn'drmyzlelaneﬁﬁwt(&abg?o.p% GHmeH! Fere
. wer e, al t hered using the H den gravinetric .
dls%l\ﬁﬁ%?dog)asgﬁgg oF GHYL fCrtate.  Phe aplxhBe Was Teflusedienderoa nitrogen
abieder s t BT t,..he ' .
blatfrde phaad, i@%*ﬁ?ﬁ%&i %g%&a?g RS, Aw s AP Rotfcing
appersaigteln 1 oyt thel inbited beaase didufly siitna prmadsds®lorl mlatw llﬁ_ﬁ(écure
[ il ith ionic |iqui
wal BB LR R deitbicg s (s Soolet to Toom temperstre
(RT) upon which a white precipitate formed. The mixture was extracted with water
(2x: 30ml). After drying the solvent with magnesium sulfate, the solvent was

removed using a vacuum, yielding a tannish oil.

To the oily residue was added 60 ml of toluene followed by 1-iodoctane (4.8 g;
0.02). The mixture was refluxed overnight under a nitrogen blanket, resulting in a
dark yellow mixture. The yellow oil was collected via a separation funnel rinsed with

toluene (2x: 20 ml) and dried under vacuum.
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The height is determ ned by know ng the cylindrical
geonetry of the sanple container, dry sanple wei ght
w@tdoenseencuati on and heating, and the ionic |PQUUS2006/004230
density at the proper tenperature. After evacuation,
F@Qﬁ?ﬂ?ﬁ %s i ntroduced into the Pyrex(r) sanple
% vvith a const ant pressure at a given
nper at ur e. ampunt of gas wl]l start

Prww@m iohd- mﬂb&l-%ﬂewlmﬁezqh% iqsildfalﬂanlmlﬁldr

sufficient tine it will reach a therrrpd_ynamc
11@9&% Wld%ﬂh dﬁd{d‘%ﬁgﬁﬁﬂnﬁ@ #%;fhgﬁl‘gfasg’%ls,én%%d%%%. Xu,

et &It osIANGT (b@iaﬂumanllw Ctﬁemlsmse 2000,1598e40mded)ed based on
previ ous wor k (Shifl ett, M B and Yokozeki, A. [Ind.

Mg ras e 3&%4@3 Des 1 36dganets i gnb 028 prhdfhere

dls%l%écp iy BOGni Bf ‘cdh?éﬁled TRY rdabtidH G2k Ye GO SheRBHL TR Mixture
because of a possible evolution of heat” of m Xing, the

immgdetaly drecah gyalidwe onvedor end deleudy t ke |modire was refluxed
te rature difference r copnvecti gn
VTR SLEE hHh POy R B Ee i e ollr BIFERA Rves
colléttddErprRaYad&alacigperties of the liquid. The
foll ow ng assunptions were nade for the dissolving gas
(Shiflett, M B. and Yokozeki, A. [Ind. Eng. Chem
, 44: 4453- 4464]; Yokozeki, A. [Intl. J.
E ﬁLég?gtlon 2002, 22:695-704]): (1) Gas dissol ves
through a one dinensional (vertical) diffusion

rocess, ch there is no convectjve flowin th
Thg ldawt1on o? the mlcrobalance components shown {n Figure 10 are pro&ded in

Table 15.

Table 15. Microbalance Components Contributing to Buoyancy Calculation

Subseript Item Weight (g) Material Density | Temperature
(geem™) (°C)
] Dry sample mg [bmim][PFs] Ds Sample Temp.
[bmim][BF.] (Ty)
a Interacted gas m, CO, Pa (Ts)
1y Sample container 0.5986 Pyrex 2.23 (Ty)
ip Wire 0.051 Tungsten 21.0 (Ty)
i3 Chain 0.3205 Gold 19.3 30
11 Counter-weight 0.8054 Stainless Steel 7.9 25
J2 Hook 0.00582 Tungsten 21.0 25
j3 Chain 0.2407 Gold 19.3 30
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(2) A thin boundary |ayer between the gas and |iquid
phases exists, where the thernmodynam c equilibriumis

w0 pwbas2by est abli shed with the saturation PCT/US2006/004230
concentration (Cy), and where the concentration is

SSNK all the tinme at a given tenperature and

E pre?g%?ies (3) Tenperature and pressure are kept

sommaymulﬂﬁ&bmﬂnm@qﬂmsspimdtﬂymundthlyﬁnﬁdﬁwcﬂﬂilkﬂ/
di lute solution t he rel evant thernophysical

blsﬂ?%@ﬂ!qregthcyimﬁqeyamnap |[%‘HHEHBE& change. The process
"R ubily B BERENIDRH Ay AMadl HBNSHBAIBE Fo, 25 50, and 75

usli o etot concentration di
°C Téwer g0 yedsmira gradid fimme rix m(aIIOeharaWhaiastharﬁ)luldﬁtles @ngas dzere
t ~D dz2 (32) Initial Condition: C = when t =0 and
megsyresBYISipg g rayijietimmnarpbaance and tae diffsivitiosoDArigers catgulated

us1£§4a) one-dimensional diffusion model analysis. The initial concentration (C,),

final saturation concentration (Cs), and calculated solubility (Xca.) are also provided.

Tables 16a, 16b, 16c and 16d provide data for C,, Cs, D, Xcate, and Xpeas at a
temperature of 10°C, 25 °C, 50°C, and 75°C, respectively.

Table 16a

T P Co Cs D Xcalc. Xmeas.
cO) (bar) (mass%) | (mass%) | (m%/sec) (mol. fraction) | (mol. fraction)
10.0 0.101 0.06 0.15 3.79E-11 0.014 0.014
10.0 1.000 1.06 1.78 4.78E-11 0.146 0.144
10.0 2.495 3.58 4.83 7.37E-11 0.324 0.323
10.0 3.995 7.14 8.52 1.17E-10 0.468 0.467
10.0 5.496 11.75 13.23 1.51E-10 0.590 0.590
10.0 6.994 17.76 19.75 1.72E-10 0.699 0.699
10.0 8.505 26.95 30.37 1.67E-10 0.805 0.799

Table 16b

T P Co Cs D Xcalc. Xmeas.
(°O) (bar) (mass%) | (mass%) | (m*/sec) | (mol. fraction) (mol. fraction)
25.0 0.096 0.03 0.11 7.5E-11 0.010 0.010
25.0 0.997 0.71 1.22 7.9E-11 0.104 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
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d C=0stz =L dz (35 where Cis the concentration
of a dissolving substance in ionic liquid as a

wo evese2 of tine,
is the depth of

t and verti cal
ionic liquid in the container,

| ocati on,

and

TapR feRsponds to the vapor-liquid boundary. CO is an

Z PCTI82006/004230

0

Initial honbgenous concentration of the dissolving

gas, and is zero (initially) or a small finite amount

af t PO .pD 1§ The diTfusi@n coetfigrent thag TS

assumpd to be|constant{ Eq™32 ¢an be so veddx"“'_c‘ _ Kiness
@6l yt i dha)y { dmask)i nimas% pnd(hbswlial ymeh detiction) s (mol. fraction)
egs—33 35 hy g st thod such as separation

300 ab1 OL00 apPe tf andPhr m| ahBOKq18| ds: (I)04nhere¢ | 0.004
HEQ\ h 0997 - | AR4Oxperin®htal Il yl.oBsdPved quelfiSity at  0.059
H.QpeLi 214 t|nmelid t he thral .d:oh@mnlf)ati on (B Nass$) 0.145
510 di 5sal9ged gas2ig1 i oni c2.83 quij di 9zmdonpt The e 0.219
smmcent safgson| praigol € | n Fog T 51 GPAFE averaggd 0.285
sgpgIcent ldjgson| at 4@,g1 VETT § §8TE, 1) 3o gCFT 99 341 0.345
5070 “V T804 TP 80T 6.46 2.73E-10 0.395 0.399
50.0 9.993 7.54 7.81 1.62E-10 0.444 0.449

Table 16d

T P Co Cs D Xcalc. Xmeas.
(°0) (bar) (mass%) | (mass%) | (m%/sec) | (mol. fraction) | (mol. fraction)
74.9 0.101 0.00 0.01 3.92E-10 0.001 0.001
74.9 1.000 0.32 0.41 2.60E-10 0.038 0.038
74.9 2.501 0.99 1.10 3.32E-10 0.095 0.095.
74.9 3.992 1.72 1.79 3.96E-10 0.147 0.146
74.9 5.496 2.39 2.49 3.53E-10 0.194 0.194
74.9 6.996 3.08 3.22 3.41E-10 0.239 0.239
74.9 8.504 3.87 3.96 3.48E-10 0.280 0.280
74.9 9.994 4.55 4.70 1.92E-10 0.318 0.317
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(37) (38) Althougli eq 38 contains an infinite
sunmation, only the first few terns, except for
WO piobiosd26smal | time periods, are sufficient i nPCT/US2006/004230
practical applications. In this work, the summtion
was term nated after ten terns when the nuneri cal
contribution to the summation in < C > becane | ess
EXtAﬁHBLEDl&LZ By anal yzi ng experinental data with this
ned the saturation concentration

SolaByity af BittnoF e e SUHCE-AA ia ety g WPy D Yasiniam when

gures 2 -6 show
bls§91m\@§?| ty anﬁ%ﬁg\;ﬁn};ﬂ[ Mj?[fs for several
Hy dolobilityoaraicdi fioginity §tiE 3R made Gt izmpéﬂaﬁrelaﬂm 25, 50, and 75

HFC- 143a, and HFC- 152a2 in one OHI%
°C 9y 7 PisEwre ragger fonpd tosd0 bergwhese t wﬁ&gh@q%%mérw@ere

BRSSP AILTE

usin@ apareaditnensiomai gﬁfﬁlsiom el analySisat Tlae mlﬁslswmeﬁtmmsh (Co),
bout 0.1 to 10 .bar ositians repared that,
fing] SRGTCiPR GoReriRES 65) A CHBHEIAEPRETIEY  Sere ABGAASCOp e Vided
about 65.1 nole percent of HFC 125 over a tenperature
ran e from10 to 750C at a pressure fromabout 0.1 to
rl.7aCbp dlsict amd]§7dv@r@1¢b¢ detarfer Goh€t, RoKsd.s et Xafas at a

mg'ér%tu%rg f')? 1 8‘;@ 2L5 Q’@ %‘[LJID El?l rpes%%gtllj\;ely
Table 17a

T P Co Cs D Xcalc. Xmeas.
°cO) (bar) (mass%) | (mass%) | (m%/sec) (mol. fraction) | (mol. fraction)
10.0 0.1021 0.08 0.02 5.76E-11 0.002 0.015
10.0 1.0001 1.03 2.01 5.72E-11 0.141 0.140
10.0 2.4942 3.95 5.31 1.05E-10 0.310 0.311
10.0 3.9963 7.78 9.35 1.28E-10 0.452 0.452
10.0 5.4935 12.68 14.05 2.89E-10 0.567 0.570
10.0 6.9960 18.73 20.79 2.01E-10 0.678 0.679
10.0 8.4951 27.80 30.88 2.71E-10 0.781 0.778
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0.1 to about 72.1 nole percent of HFC-134a over a
tenperature range from 10 to 75C at a pressure from

wabwmansQel to 3.5 bar.

about 0.1 to 7.5 bar.

Tap

about 0.1 to 4.5 bar.

Conposi tions were prepaP@mUS2006/004230
t hat consi sted of HFC-143a and [ bm nj [ PF6] from about
0.1 to about 26.5 nole percent of HFC-143a over a
tenperature range from 10 to 75C at a pressure from
Conpositions were prepared that
consi sted of HFC-152a and [bm nm{[ PF6] from about 0.5
to about 79.7 nole percent of HFC-1 52a over a

& at ur e range from 10 to 75C at a pressure from

Exanples 7 -11 and Figures 7 and

8TshoW soPubi [ i tyCand di f f@si vijty mesults fox,HFC 32 X meas.
in. se i tion nic |iquids ([bmni[BF4], .
{ X m [ (?af)dm r(ﬂalsf(g)[ dcﬁ)qnpfﬁf)} 1F K?Brr’ﬁ?og\l jé!llO[.é'fﬂftlon) (mol. fraction)
| m 4+ L.GL

LB bR R A1 T2 R AT

AL & e Q‘_r Vent fa) ZI Q&UQE- dq7;‘-]_f_lLr [« 0.096

| Al 5 A g Y Y T e 7 0.221
A9%har . 388%asi t A &é_;ﬁ_egjmrbd%ﬂ@t condl.¥%d of 0.328
M2 3P 84873 omi nT7[52] fir on8.aBout] D9ZE+160 pAbout0.4lD. 6 mpl e  0.419
pevcent 60D2HFC- 3.38 4 t anper atf uz.eowf102bC amds@ 0.502
pr.ossr g.4beom abpugl 0.1 119 480 Bag 41€AQGPPST T1085E Wer e 0.575
Br.epa e@.goaat | coppisTed qk gghC g i of POT M §dg TTO 0.639
about 0.7 to about—46 nmote percent of HFC-3Z—at—=
rature of 25C and a pressure fromabout 0.1 to 10
Ta%ﬁ%%Corrpo& tions were prepared that consisted of

HFC-32 and [dnpi m [t TFMSnet hi de] from about 0.9 to

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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about 66 nole percent of HFC-32 at a tenperature of
250C and a pressure fromabout 0.1 to 10 bar.

W@0Up084262 ons were prepared that consisted of PEZUSRD06/004230

and [dnpin] [t TFMSIi m de] from about 0.8 to about 64.5

nol e percent of HFC-32 at a tenperature of 25C and a
Tabk‘e’g re fromabout 0.1 to 10 bar. Figure 9 shows

nmeasured i sothermal solubility data (in nole fraction)

at 10 OC of the syste HEC 32, HFEC 152 HEC-134a

HEC- 125, Bnd HFC-C¢3a ¢+ [ W@ ni [[PF6Di n { er meXaf. Xmeas.
z%bsol ute pressure djvided b he .ga atyration,. .

ssur_e(b(‘ﬁ)) a{maf?)/‘ég WG&%’/"M pg't/g%c ( bﬂw(?;'.fraﬁji'é’n) (mol. fraction)

PEQTT U OOoRT SSSWES O DY 32 s HEERPD FEG Al o0;
A 1000t [ gp2el at 48 0C SRERMY T T g6% barl T o037
148 25285920 1 oddleri Lol T19Nedad 905100 o (G088 ¢, oy 0089
Ba8ul { 4003 (i d:-7%urbat % bl SAOEHD flashdilis ne) 0.138
4.8 unusudBland i20%h caf e 86bond BHEBErldcti on BEiSween 0.183
vhe refriogesant &y t he i 830c ||i 4628-10Thi s iM21%QUrn 0.223
taansllaBe3gntjo hi@h spl ubjiki ty theE-lcs|i dead.23pr an 0.262
abs0r PT{PPoRY Yl € Ay KI NG Rloyl d.[ kagpayg jcul ag2d¥C 32 0.300
hasTegatTve deviatTonm from Raouti tS5 aw as SNown |

Figure 9. Conpositions conprise HFC 32 and [bm nj [ PF6]

fromabout 0.1 to 63 nole percent of HFC-32 at10 0OC

and P/Po fromabout 0.1 to about 0.63. Strong positive
EXisMELE ¢%hs from Raoult's law (i.e. curvature above the

sl ot e tfea B Agr S FE s T SRk 3t B bl 20"
hekaMidrdphbsphiate (b ]gPRyase

A solubility and diffusivity study was made at a temperature of 10, 25, 50, and 75
°C over a preséure range from 0 to 20 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 (Xca.) are also provided.

Tables 18a, 18b, 18c, and 18d provide data for C,, Cs, D, Xcate, and Xineas at a
temperature of 10°C, 25 °C, 50°C, and 75°C, respectively.
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separation. Conpositions conprise HFC 152a and
[bm M [ PF6] from about 0.1 to about 80 nole percent of
WOE@e%262 at 10 OC and P/Po from 0.1 to about PCB6S2006/004230
Conpositions conprise HFC-134a and [bmi m [ PF6] from
about 0.1 to about 72 nole percent of HFC- 134a at 10
gC nd P/Po fromabout 0.1 to about 0.84. Conpositions
Ta ’(?r@lal se HFC-125 and [bnminj[PF6] from about 0.1 nole
to about 65 nole percent of HFC- 125 at 10 O0C and P/ Po
fromabout 0.1 to about 0.88. Conpositions conprise
HFC-143a and [bm n] [ PF6] from about 0.1 to about 25

bl e percknt at 1Q,0C Jand G/ Po |f rom about 0.X,ft0 about  Xies

0.90. | Ex les 12 1 rqQyi de, a, methpd for . .
ﬁpépar at(SB of (5.‘}5@?09 iog‘f‘_g?s%i gdaQBT/F‘E?&w Z?P’dé”{cb‘e}l}r] [ {mol. fraction)

S T for et of ey s
?j‘lhui Ha sgb‘@ her E* Oi on cr.FO?’ m Ls@ﬂif\ n}:arooll’-b 0.010
T OV -y J’\Jl_l'ra —OoTh JT LAY T T U MIAT LA~ A

0 9111@79F arrpl“p& 15.- 24 1 show™sol1 iLiL\ﬁ'r esultls 0.023

Pér var #6093 r of r ilgr an:trs 385 oni b34Eddi ds. EXANBLE 1 0.113
ABldsor pt VOA0Co0! i Hd4Pr ocess7dabll e2.17EHOS| Consk E% s of 0.198

Pusr e Refopger ant §.18nd |Abs@iBbent s2.3ail1¢ P. Caoedd2 ci epts  0.281

bor 1 dealogzas | Hepd.s&aplaciipy2] J{npbsBH11] 1 n 0e3p1 0.361

5% 1apl® ghe4Bl Nafy48 NTIET §91ghon [FPaggARyer's 0l 414 0.414
I DS OT DETTC [PAl TS Leyer Imn red T OTI

1"%@% ?c.'.lqy DT —tata—showr—nExafptes 22—+ —and—15— 0.528

-41 Tabl e 4. Conpari sons of Theoretical Cycle

Taple 80 nances. » (a) Cycle conditions: Ts | Tcon | Ta I
Teva = 100 / 40 / 30 /10 OC, and mr = 1 kg-s, -i EXAMPLE
2

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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Sol ubility of difluoronethane (HFC 32)
| - butyl -3-nmethylimdazol i um hexaf | uor ophosphat e
W@ plaiosd263 PF6] A solubility and diffusivity stRCyUSZe6/004230
made at tenperatures of 10, 25, 50, and 75 OC over a
pressure range fromO to 10 bar where the solubilities
as.) were neasured using a gravinetric
trobal ance and the diffusivities (D) were calcul ated
using a one-di mensional diffusion nodel analysis. The

Tably e

Lnit

L

ant v ati.an

{ CON

in

1
Trdl

vu:r AL 1T Ul s '|L bﬁ T d.t | ]

"1?:02 Zlnt Bt | OC',&@;:)" and ?a%u at el sollubi| iX“ﬁ)c'(XCa . Xmeas.

° r oV igaes ol |t (tRass®) €. (nT'adekes 1. fifactiGi) an@inol. fraction
(éfi pr o |d'2 datka for"p Qbﬁa. D (Xrai F)e ngﬂ(;(m:ac af) ¢ )
5EENPEr@098es| of 000, 25, GO and 6734H:11 rlespe®itffel y 0.000
501D € Gadab! F 5b.03ablle Sxlnbl ¢ GZOEEXAVPLE 8.0861 ubi [ ity 0.00
58 PeTY gdduoroepane [(HRg,425) 7.358-11 0.011 0.011
5.0 oL Y3096 1 Y 61ggr U201 BT NEXAZLRIQY OphOs plyape 0.049

SAh ol 03003 oL o0 oo T3 Y5 A STARHY TN LY 88y WAS  0.085

+H e O—{TH D, T I q
S0 eskURRARGe PO3m 0t 4B b SHREie b he Qo es—i20
5q.Xnepd2)99%ér e 3.95 4.29 7 47TE-11 1 0.154
50.0 15.0015 4.69 5.01 1.16E-10 0.176 0.176
50.0 19.9932 6.41 6.78 1.08E-10 0.228 0.227
Table 18d
T P Co Cs D Xcalc. Xmeas.
°C) (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 1.42 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
EXAMPLE 18

Solubility of trifluoromethane (HFC-23) in 1-ethyl-3-methylimidazolinm

hexafluorophosphate [emim][PF]

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 (Ximeas.) Were measured 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 (Xcatc.) are also provided.
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measured using a gravinetric m crobal ance and the
diffusivities (D) were cal culated using a

W p@sads4rensi onal
concentration (C0),

(SRl A

provi

di ffus
fi

i on nodel
nal

anal ysi s.
saturation concentration

d
dﬁg%oag’rbéss’
6090, aud d5°cdae@eéwe1§a0 Cs, D, Xcai c,

cm

and X

tenperatures of 10, 25, 50 and 75 0OC,
respectively. Tabl e 6a Tabl e 6bTabl e 6c Tabl e 6dEXAMPLE
4 Solubility of 1,1,1-2-tetrafl uoroethane (HFC 134a)

Table 19abut ylI

r

eas at

-3- met hyl i m dazol ram hexaf | uor ophosphat e

([bm M [PF6] A solubility and diffusivity study was

TheP¢TU81086/004230

Z:X”gﬁ &?%Eemperature of

npde pt tenpefatucgs of 1@, 25] 50p and] 75 G OVer 4 Xorons
pressurerangsfromOtoSSbcir where t he '
@E6) ub) | i(bads [ Xmaas’o) \wamassfibhs ufmtsagyi ngmel. fraction) | (mol. fraction)
vHrej - 6—-erobal-ance—and—the diffosivities (D)
%l gl : d_uEing la ore-difrensional | diffusion 0.000
%pl ahdPkis 998 initi%09 conckPIB-APion (OHO3 final 0.003
5058 ur at 9-8%7TonceftlBat ilon ¢.28) , |ah2BEADcul at €07 0.007
30 ubj | 4.0024 Xcai 6.7p arle .86 pronv2tedoin the.g3abl e. 0.030
Stepl es §.0974/by 7¢.39nd [7d psoevi der sgaoflor 09,0s8S, D 0.053
5 | 1o XNEas21p2 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 4.54 3.12E-10 0.148 0.151
Table 19b

T P ’ Co Cs D Xcalc. Xmeas.
(°0) (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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tenperatures of 10, 25, 50 and 75 C,

respectively.

Tabl e 7aTable 7b Table 7cTable 7d EXAMPLE 5 Sol ubility
wW@B00&/084282 t ri f | uor oet hane (HFC-143a) in

| - butyl

EXARBLE 19

dil

l{}gﬁl\ygngdazolmm
siaphanssiRmEMdip di ffusivities (D)

usi ng a one-di mensi onal

PCT/US2006/004230

-3-net hyl i m dazol i um hexaf | uor ophosphat e
PF ] Asolubility and diffusivity study was
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nid gelubditakyd dglusiPiiy sfudytwas m@dﬂmtetrtemenaame 0.000,,25t BBadnd 75
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ByinfR&iemskreshi e \Und &h
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meIﬁQE@ §51§§ a

Xcai c,

3%

of

1ot St 1PN B Sems) were
gaffﬁlsf\f?ﬂ%%@%g Were é:%glated

usiog,a DE@-F}M%HI dl-fﬁilbioe 1BaddladlatysBb Tabe em&arradniaeneahon (Co),

ﬁniaL:I)n(sé quﬂm

So I
onge
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SO prov

2ded

Tables 20a, 20b, 20c, and 20d provide data for C,, Cs, D, Xcate, and Xipeas at a
temperature of 10°C, 25 °C, 50°C, and 75°C, respectively.

Table 20a

T | Co Cs D Xcalc. Xmeas.
°C) (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

Table 20b

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 0414 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 18.58 3.20E-10 0.632 0.637
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hexaf | uor ophosphate ([bmni] [PF] A solubility and

diffusivity study was nade at tenperatures of 10, 25,
wohocasteZ5 0C over a pressure range from O torPdI/BS19a6/004230

where the solubilities (Xmeas.) were neasured using a
Tag[e%crret ric mcrobal ance and the diffusivities (D)

wer'e cal cul ated using a one-di nensi onal diffusion

- 1
LT«

-~ + 1
U1 ati

AL C0)— £
LLEN | V)

)
=<

N
1

npdetTanalysts: T{fc cot X
saturati on concenttatijon ('Cs), jand cal cul at eQeaic. meas.
ubj | i(byr) X¢ &infass%ed" o (MhssYo P Ontsst) i N (FaBE fhA%o8) | (mol. fraction

gadgLe‘ 9(,2 )gby 9c_and 98 _pr 0\(;i e dat a)for( 0, b, %) ¢ )
Xs8i c| 8482Xneas 04 t enpe®.8f ur ¢s3.03E-10, | 25, GB@WSand 15 0.005
£.0r espeo0R9ely. Tl e |9a Tapl e [9nTablle Pc Takis 0.055
SoleXAMPR 972 SOl ubi7i ty) of 1 dgTT uog egeiihane (H{3232) 1Th ™ 132
5@@% V].4-@0ﬁlt 1y| P_gygdazo! 3Py T el _rgggygbol or at(ﬁgimn T 0.199

300 175 AGRG LT 3ol TIASES ATIATRARY "o deE o 0.262

EAJT ~ U1 ZJ, J [cmiv VT ™ _Coouryv

300 el £ LO0RD {0 202%harl Wbl ther SRR ) i1 oo oxmma ) 0316
WVe hedSltdal LsB93 2 grat2Pet i 29%dPaobal ake¥8and fhe 0.364

-0 1 usihQ038s | (DB Aer d cab-8ll af eBddiilAg a 0411 0.412
one-di nensi onal diffusion nodel analysis. The initial
concentration (C0),
Table 20d

T | Co Cs D Xcalc. Xmeas.

cO) (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 3.41E-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 4.28 4.63E-10 0.252 0.251 ‘
74.9 10.0045 5.10 5.10 4.75E-09 0.288 0.284 |

EXAMPLE 20

Solubility of difluoromethane (HFC-32) in 1-butyl-3-methylpyridinium

bis(trifluoromethylsulfonyl)imide [bmpy][BMel]

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 (Xeas) 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 (Xcai..) are also provided in Table 21.
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final

saturation concentration (Cs),

and cal cul at ed

solubility (Xcaic.) are also provided in the table.

wQqa advbess24Da,

D Xcai
0C,

C,

10b, 10c and 1CQd provi de data forP@OUSI086/004230
and Xn at tenperatures of 10, 25, 50 and 75
respectively. Table 10aTabl e 10b Tabl e 10cTabl e
10d EXAMPLE 8 Sol ubility of difluoromethane (HFC 32)

Table 21 oct yl - 3-met hyl i mi dazoliumiodide ([omini [I] A
solubility and diffusivity study -was made at a—
tEnEe at uPe of 25CoC overQ%;nessu rahge f¥em 0 td Xmeas.

e by | ti .

dvg%)ng av@? @vi r@ﬁ%g% c%‘%%ﬁejg e ang %hwﬁl% gﬁ%ﬁféﬁfc egm()l' fraction)
£8) Wer ,0981 CUT atpgsl usj ngoazonegdsBeBsilonal  d).§fusi o 0.010
POHET [ai@oyh §- DS N T1akyconcerppayl pn {(@he7 T1ngl 0.100
F8h T #5049 CYNCOLg At T O3 GES) T‘%’Eﬁ‘éT L 0219 0.223
T e e e ety ProyiEd g the it e T 0500
23.0a 1 e89PAt Lir e Jed> 25 Dol d VBl & DAt T 0.424
BoDubi | 7t0P56f | di f l-uor ojret hane (JHEC-32) in - 0.505
25.8- dif o8t5@7 m{dax®0B um i ddi.4le 1.15E-11 0.575 0.580
25.0 10.0002 17.06 18.28 2.31E-10 0.642 0.648

EXAMPLE 21

Solubility of difluoromethane (HFC-32) in 1-ethyl-3-methylimidazolium 1,1,2,2-

tetrafluoroethanesulfonate [emim][TFES]

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 (Xmess.) 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 (Xca1.) are also provided in Table 22.

Table 22

T P Co Cs D Xcalc. Xmeas.
°C) (bar) (mass%) | (mass%) (mzlsec) (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
249 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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(1da1In][I] Asolubility and diffusivity study was
made at a tenperature of 25 C over a pressure range

wo ca0®26 10 bar where the solubilities (XmeaBCH/USBNE004230
nmeasured using a gravinetric m crobal ance and the
diffusivities (D) were cal culated using a
onedi nensi onal diffusion nodel analysis. The initial

ation (C0), final saturation concentration
Ewg%d cal cul ated solubility (Xcaic.) are also
smmn%@e difliorofirth Al @GIFdEal) 13)1&§'p3un‘ij&§yﬁiﬁicﬁnzﬁﬁﬁmbqj,l,2,2-
Cs, D C. Tabl'e

Xcai c and Xneas at a tenperature of 25

tetrpfluppgatiaesalfomsye dbmiing KTESHS] di f | uor omet hane ( HFC- 32)

U0 o) T i S AL M Remosste o 25 € over
preéS[uﬁBTﬁhgi BomH /TR0 Bhdehereitnd shrabiftlied (VBN hvefe ﬁf%héﬂ?%ci gﬁﬂg a
and diffusivity study was made at a tenperature o 5
grapegiie inigropplasew ead rthe gliffbsivitie® (D) werebealcuihted eusittgea one-

: U1 - kol S ). were neasured usin .
i URN k85, bOBR T ebinls o Ol SRt (G fnpppuration
coneatention(CYJ didad]dusdt EsAMNE{KIR) S O518 C%wviée_u% gapERdel

analysis. The initial concentration (CO), final
saturation concentration (Cs), and cal cul at ed
solubility (Xcaic.) are also provided in the table.

Tableb} e 13 provides data for €0, Cs, D, Xcaic and Xneas

&t atenferature@f 25 C Tablel 13 D Xeale. Xmeas.
(°O) (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 4.33 540 | 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

EXAMPLE 23

Solubility of difluoromethane (HFC-32) in 1-dodecyl-3-methylimidazolium
1,1,2,2-tetrafluoroethanesulfonate [dmim][TFES]

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 (Xpmeas) 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 in Table 24.
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EXAMPLE 11 Sol ubility of difluoronethane (HFC 32)

I, 2-di met hyl - 3- propyl i m dazol i um

whe@6084262 uor onet hyl sul fonyl )i niide ([dnpini
[ bTEMSI m de] or

[ dnpi ]

in

PCT/US2006/004230
[BMel]) A solubility and

iffusivity study was made at a tenperature of 25 0C

TaRlGeft a pressure range from O to 10 bar where the
sblub| litRes [Xneas.) wer Esmeasur e® usipng a Xeae. Xrmeas.
vi retfi G m nic d, 1 he di S) Yot : :
e pal(cu at agﬁfl}glﬁﬁg a o%g;scﬁ’ )}ﬁ.n lﬂégré\: dlkl?%gllsaoc&%n%defmo}' fraction)
2@l Y51 8.00dhe] i notgoal lcongept r ats.ore(€0) , fiongds 0.006
PUrATHePsgoncepzation §65), [angogal cul at gy7o 0.074
SR L B 5T08 P .5 2T % 58 PIOYBEEY I T {30 [ 0178
2005 | ogdfht o tdp 28 ¢ w3l o iApRlb g 150906 T 0271
Brpal ap #4807 of 16864 et 016 dahrHnhli bdi dd-34im 1y 0353
25.8- D 00997 m daZ&8i unp i o¥irfe [|DBHEIL] | was Gfdpare 0.429
250descBisbedl by 10.5Ku, | etlO6, JoRit Hdl1of 0.490 0.497
.ganpnet@loli ¢ Ceod stry,133%900,) hIBE-100D- 416).555 0.562
‘Tmdazole (2.72 g; 0.04 nmmol) and octyl bromde (3.1
g; 0.016 mmol) were dissolved in 55 nl of ethyl
acetate. The m xture was reflux ed under a nitrogen
Initially, the solution was clear and
E%ﬁ%@ hovveve?/ upon refl uxing approxinmately 1 hour

S ofulb@lityi of idifl oo aeiam oM 3 2 )\inl T-hapiyhBnanethylialidnzolithe1,1,2,2-

m xture was allowed to _refl ux overnight.

tetygfinarpethapespilfopated B ¥8hYler at ur e
A solubility and diffusivity study was made at a temperature of 25 °C over a

The m xture

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 (Xca..) are also provided in Table 25.

Table 25

T | 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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(RT) upon which a white precipitate fornmed. The

m xture was extracted with water (2x: 30m ). After
waleyshgizshe sol vent with magnesi um sul fate, theCEHUE20061004230

was renoved using a vacuum Yyielding aI tanni ?hl I0| l. dTo
XE)Q@ [ resi due was added 60 ml of toluene foll owe
E {ﬂ:ﬂo%llsoct ane (4.8 g; 0.02). The m xture was refluxed
SOhl‘bﬂltM iodj umumdmetlmnm(ﬁmgam) ibl 1abie-3-megiylikingzoliinRacetate

dark. yel| | ow ure. The yellow oil was collected via
aA§eb‘§%15¥.aaﬂr9r el sy csametic ab |auf@w@e(amce ERNPG over a

et e oD% BT A3, PR ) O S i

graiinhditid yhicbakinyd |anddtazod1fﬁ1m1tmdl(® werd Bdlbhhtedassing a one-

dnr%n ﬁ{l}?@fiﬁ%pg gls’%{elfe leglal gg]gcengg‘a\(yglgr(li(ég aflinacl)fsaturatmn
I
con%%r&féﬂ{ig;ﬁ (gfr}"bgrﬁlz&ll&llétéd Qﬁ@oll pA OTIC\TE% leégg)v%qédqﬁ GhAS.

22 mol ) were
tol uene. The reaction was refl uxed, whereupon the
t6ure i mredi ately becane yellow in color and cl oudy.
Ta Bﬁ]ﬁé m xture was refluxed overnight, during which a
yell owi sh oily precipitate forned. The yell ow sh oil

was collected and dried under vacuum MPLE 14 _The

descr| ptilbn of tI{é,. m crpb&]sancb coPpongnts sgwn i n Xineas.
(Ebﬁur © %Igarsl re lrngg/sl(%)ec tnrllass%) (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

EXAMPLE 26

Solubility of difluoromethane (HFC-32) in 1-butyl-3-methylimidazolium 2-
(1,2,2,2-tetrafluoroethoxy)-1,1,2,2-tetrafluoroethanesulfonate [bmim][FS]

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 (Xmess.) 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 (Xc,1) are also provided in Table 27.
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Tabl e 15. Table I'S. M crobal ance Conponents
Contributing to Buoyancy Cal cul ati onEXAMPLE 15
w®toals4261 y of di fl uoronmet hane (HFC- 32)
| -ethyl-3-nmethylimdazolium
TaBlegPent af | uor oet hyl sul fonyl)imde [emin] [BEI] A
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a pressure
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+ange—from 04610 bar—where the solubilities (Xnmeas )
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259 | Uoro828hahe 248G 32) 1936 | 1.49E-10 0.492 0.493
25-Gret|hy8.49440r bpVI2R34 i di nilddd | 1.26E-09 0.561 0.565
5105 ( tlr i1DI00d8 opretidyl4sulif onylODi m de7dmpmpy|]] [ Bk A 0.632

solubility and diffusivity study was nade af a

tenperature of 10, 25, 50,

and 75 C over

a pressure

range fromO to 10 bar where the solubilities (Xmeas.)

EXASMPLE 27
Solubility of difluoromethane (HFC-32) in 1-butyl-3-methylimidazolium 1, 1, 2,

3, 3, 3-hexafluoropropanesulfonate [bmim][HFPS]

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 (Xmea;_) 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 (Xai) are also provided in Table 28.

Table 28

T P Co Cs D Xcalc. Xmeas.
(°0) (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
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measured using a gravinetric m crobal ance and the
diffusivities (D) were cal culated using a
wo@a@ets4rensi onal di ffusi on nodel anal ysis. ThePCTiU$1086/004230
concentration (C0), final saturation c?ncentr?tion
0.8 gcal cul ated solubility (Xcaic are al so
E prO\})lLa%gg Tabl es 17a, 17b, 17c, and 17d provide data
Sofubilitgoyf diflnoPmethane (HFC-3¢)cias]- -hutyd-3tmefisilizidagoldim methyl

25 0C, 50C, and 75C, respectively. Table
'i%’?%bl e 17bTabl e 17d EXAMPLE 17 Sol ubility of
tA'sBldEﬂ‘itg%ﬁh@Fﬁsﬁrw Gurl3) wh) ade gt 2 tem eratu e of 2% £C. oxer a

but yl ['Tmdazol'i um exaf uor o
pre{sme rargo |l {dmi 10} tb yl Odrad wdhiefef ths isalubilitss @Meaymelﬁﬁﬁi@s@%d @asing a

t f 10, 2 an OC over_  a pressure
gra?’&ﬂ gggp,(ufr %ef@dbgﬁe %%@Flé’lt’ceﬁe oMEE: Icricplated( WHpR 4 pne-

diNERRNAEASMEBH nitSieD ndlyS. a’x/héfﬁﬁﬁdlfcoﬁ&&fn%ﬁéh 058N %afulion
diffusivities (D) were cal culated usin

conggairationd s) endfalelilited solobilitpp@alic earakise |p$ov1d'éahnlmibtel 2,

concentration (C0),

(GCs),

Taple®9 ded. Tabl es 18a, 18b, 18c,

final

saturation concentration

and cal cul ated solubility (Xcaic.) are also
and 18d provi de data

for GO, C3, D, XCaic and Xneas at a tenperature of

10C, 25 C, 50C, and 75C,

respectively. Tabl e 18a Tabl e

szsta

ﬁef;%u

Co Cs D Xcalc. Xmeas.

O (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 4.41 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

Solubility of diflnoromethane (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 (Xness) Were measured 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 (Xcq1) are also provided in Table 30.
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Tabl e 18d EXAVPLE 18 Solubility of trifluoronethane
(HFC-23) in |-ethyl-3-nethylimdazolium
wheooals1262 ophosphate [em M [PF ] A sol ubility BEMUS2006/004230
diffusivity study was nmade at a tenperature of 60, and
TabR fo Oover a pressure range fromO to 20 bar where the
solubilities (Xnmeas.) were neasured using a
gravinetric m crobal ance and the difrusivities (D)

re—cat-egdtatee—usi-hg—a—onedi-rensional iffusion mdel

aﬁal ysi s. 15iThe i niteal con@entréptl oP (C0), fi%ak. Xineas.

rati CONGRIA cu ' .
(:glt) I |(tB€r)( Xcal cts§ 2\ a?so p1 OVI d&%5 t@éf;‘i‘%tmn 1I (mol. fraction)
290 prooow dat aofoar D @10 D/ gosiq¢] nd Xpegs at 0.004
1eopel at go®l of 60Gs5 and pG T nsgg@gel Y. baRi® 19 0.041
2Ab1 e| TIRE3YWPLE) Bg S uby kAT | Of o4 b UpT Ot fgrme 0.099
BE LD N TN IS 55T M O 0 0.156

8 cUITy —Sth OTT e T T 1=4aa>a =%

A(i;ds I$ 5:9@:”3 rh Ffusilvi '{\L Qfll{:l__\} \LAE'L'Q B ::\ at *Ja 0.212
Pellmel 209960 of 18:6225 | 5E.7hnd | 7648 d0el a @46sure 0.267
$oahgel 188MD to 903bar| Whé0d t hel 8HH-UBi ] i ti €310Xmeas.) 0.320
20 e nen891%d| usli2R) a |gr agiseet | ix05H-¢0obal angy3and the 0.373

diffusivities (D) were cal cul ated

EXAMPLE 30
Solubility of difluoromethane (HFC-32) in 1-butyl-3-methylimidazolium 1, 1, 2-
trifluoro-2-(perfluoroethoxy)ethanesulfonate [bmim]{TPES]

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 one-
dimensional diffusion model analysis. The initial concentration (C,), final saturation

concentration (Cs), and calculated solubility (Xca.) are also provided in Table 31.
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usi ng a one-di nensi ona
concentration (C0),
weowees2sat i on (Cs),

initial

di ff usi

final

D, Xcai c,

on nodel

anal ysi s.

saturation
and cal cul ated sol ubi | it yP¢MUs1006/)04230
are al so provided. Tables 20a, 20b, 20c,
provi de data for CO, C,

and 2

and Xneas at a

tenperature of 100C, 25 0C, 500C, and 750C,
TabgSPecti vel y. Tabl e 20aTabl e 20c EXAMPLE 20 Sol ubility

The

of difluoronethane (HFC-32) in
I-butyl-3-nethy|pyridinium
bizs{tt+fHyoronethytsutfo C7Iﬂ| de 1L"1|py TBMet—A X
sol ubillity and di TPusiyity Sstudy magle at &' meas.
gnypern at whae) of @Risswyer (ﬂnaw%;aur(mzf(s@d)gé (fdoR My 4t tiod) 10 (mol. fraction)
f re thejsolubilifies as.) wetre neasured
28Dng | a0d9avi et 10.42 mi cr oBdBande4dﬁE~lﬂhe di fd.081 vitiles 0.010
L5y wer é.00afcul atoexB us| nglasonddba@Bslilonal di.fdusi on 0.102
pwdel [anajogsi §. Dhe i nf tialsgcorcenbEati on (@236 fi ndl 0.236
s&pur @%4?0%6%31&?' pn §4) . [ag@4paiicyl at GUﬂ346 0.346
Zﬁ’b””‘ SRR Xy b o P Ak¥I PIIOYORECg T Ta B 0.442
8 A M2 S ey g it vorgithens s
é\omf 1%9 t Hanl\szn at]es‘y-]';m n’Iﬁ%— FIQIJ LQCQ@QQ Lity 0.599
ahA dif PR9BYi fy 48.00y laslHife |a2-08Ftldhper atQi6@8 of 25 0.668
0C over a
EXAMPLE 31
Solubility of difluoromethane (HFC-32) in 1-butyl-3-methylimidazolium 1, 1, 2-
trifluoro-2-(trifluoromethoxy)ethanesulfonate [bmim][TTES]

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 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 (Xcac.) are also provided in Table 32.

Table 32

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
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pressure range fromO to 10 bar where the solubilities
(Xmeas.) were neasured using a gravinetric
wore@sobrbance and the diffusivities (D) were cetTUbSBEDE4230
usi ng a onedi nensi onal diffusion nodel analysis. The
(RN oncentration (C0), final saturation
EX%@%%%@%%glion (Cs), and calculated solubility (Xcaic.)
r also provided in Table 22. Table 22EXAMPLE 22
Sol&ibilitp iolf '[ltlyl Ditettth fll oethat I@Hﬁ‘é]—l?aﬁ(}hﬁ )buityl-3-
limdazoliu
mefip Rz B S TP o A G BiFP et RPRdsthanasulianie) «y

brﬁi?n‘i'] firfkysi vity study was nade at a tenperature of 25
[ o&er anressure range fromO to 10 bar where the

sol Alrohitilitysnd diffemsvily stwbevmasolﬁ @ c tasmpegtuae of 10, 25, 50, and
avinmetric mcro i ff vi.ties (D)
75 e Do eiiag Bhe 0o 1 oBth W Atsra o ias Soan Weel
mefPY i 2 HGirhhik MLroBﬁMHQﬁé 8d’1@ﬁ1@. lles é{)g gf&e calculated

saturation-concentration ,
usiggh ohé-dinmgns{odebdiffuyion mcuﬂleh:mabrsm/ |’H®dmtnal Efcambm didn (C,),

fing) SRS cOpe g G a0 e ob iy (e ot o provided.

1,1,2,2-tetrafl uoroet hanesulfonate [dmnj [ TFES] A
soI ubilit and diffusivity study was nmade at a
t enpeiies e 33, 3365, @dA2drprevide data for C,, Cg, D, Xeare, and Xineas at a

temperature of 10°C, 25 °C, 50°C, and 75°C, respectively.

Table 33a

T P Co C; Dess. Xeale. Xineas.
(°C) (bar) (mass%) | (mass%) (mZ/sec) (mol. fraction) | (mol. fraction)
10.0 0.1025 0.08 0.66 1.04E-11 0.025 0.026
10.0 0.5002 0.97 3.29 1.25E-11 0.114 0.117 |
10.0 1.0027 4.03 7.05 1.62E-11 0.223 0.225
10.0 1.5018 7.93 11.31 2.16E-11 0.326 0.326

9.9 2.0022 12.23 16.25 3.26E-11 0.424 0.424
10.0 2.5048 17.58 22.11 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
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pressure range fromO to 10 bar where the solubilities
(Xmeas.) were neasured using a gravinetric
wore@sobrbance and the diffusivities (D) were cetTUbSBEDE4230
usi ng a onedi nensi onal diffusion nodel analysis. The
Tabﬁlst |bal concentration (C0), final saturation
concentratlon (Cs), and calculated solubility (Xcaic.)
are al so provided in Table 24. Tabl e 24 EXAVPLE 24

Spl ubj T'i ty of | di f¢uor gmet lgne HFC}‘) 2) Thn X X o,

| - heptyl - 3-nmet hyl i m dazol ium 1,

©€edraf | lﬁbiﬂaet 1dmsi%banén3»95%h1 n{mT/SHEES] (mok ﬁrachmfl) { y(mol. fraction)
and b £ Aot dv hame erature o DB

B e B TSy e e O a ae g thal 0017

2 bl 196034 | xeBdd ) mer%oﬁeac,u?r L4 ng 20.074 0.075
Arhvi et P24 ni cr 3531 ance 4AY t he-0FAUs| vi t 0d43( D) 0.143
28 e lcal.6Olsat ed d9i7ng la angdi merds0@mdl di f f 000N nodel  0.208
2@l ysi5.003he| i n7fi7al |[conemt r at3 27E(C0) , Tionah 0.271
ZA0 ur atp gp3Loncepkpaton1§6g) , [aNBEqiculareds; | (331

—

rv’—y,.[,)\ w.w]’;{)\ ai loj)jlr al &12 4&. 5’535‘]3 [lilf Tabi Fabte—5 3¢9
-:Q?'V” S0t PO ! nL.‘fTZ o e/ ‘iii 'La.' 'f.h.ér'igu ; gan,h' 0450

T J- ITeT r_yl‘r LI} UuL T T Urmrmac et Ut =

diffusivity study was nade at a tenperature of 25 C
over a pressure range fromO to 10 bar where the

TapRI3gbi lities (Xmeas.) were neasured using a
gravimetric mcrobal ance and the diffusivities (D)
wer e cal cul at ed usi ng a onedi nensi onal

T P Co Cs Deff. Xcalc. Xmeas.
O (bar) (mass%) | (mass%) | (m*sec) | (mol. fraction) | (mol. fraction)
50.0 0.1048 0.17 0.25 5.76E-11 0.009 0.009
50.0 0.5031 0.47 1.06 5.35E-11 | . 0.039 0.039
50.0 1.0023 1.37 2.11 5.79E-11 0.076 0.076
50.0 1.5021 2.43 3.19 6.35E-11 0.111 0.111
50.0 2.0026 3.50 4.28 6.64E-11 0.145 0.145
50.0 2.5033 4.67 5.41 6.97E-11 0.178 0.179
50.0 3.0035 5.81 6.58 7.24B-11 0.211 0.211
50.0 3.5016 7.22 7.78 6.89E-11 0.242 0.243

Table 33d

T P Co Cs Deff. Xcalc. Xmeas.
(°C) (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 4.36 1.09E-10 0.147 0.147
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di ffusi on nodel analysis. The initial concentration

(C0), final saturation concentration (Cs), and
w@adossased sol ubility (XCaic.) are al so proviPerdus1noe/004230

Tabl e 26. Table 26 EXAMPLE 26 Sol ubility of

E A oty | m dazol i um 2-
S"'S}@“ﬁy LE e AR SRR o ip ey
m%]i&lﬁbidlazélwlﬂllﬂ DHififluer o2-(yerThuedyetWesy) sihda estilfodate

erature of 25 OC over a pressure range fromO to
[bnl nﬁ'EPEWwere t he sol ub| lities (Xneas.) were measured
usi t
U5y SRR ) SLPRLANGE, AMablte D 5,365

75 PO debr @yprabsyisd mngd fremi (niot3. abamnﬁe It @ﬂﬂt@]ﬂtu(s@&)ms ¥ worl
saturation concentration and cal cul at ed
meaRyrethiging 4 SEXEastec )m@rpbalam@oangrtb@ flifgivities TR wete calculated

o ORGP o B W] LREARGLIRCS,

fing-shexafonwoncsmtrafiem 65| ahd malcelaﬁddl’nohjbﬂﬁtbrlmﬁc_) Are also prov1ded
solubility and diffusivity study was made at a
tenperature of 25 C over a pressure range fromO to 10
bar Ty#es $44 5av 3k Uaﬁid|34ﬁ';§§v1ﬁé<ﬁﬁﬁ%r)cv"@f DR %8@( cas 8t 2
using a gravinetric m crobal ance and” tfe dl“fa usi vitres
tempeyatuverof 184, 241 °4t, §8°Csind @ 58C aegubctiveigi onal

Table 34a
T P Co Cs Deff. Xcalc. Xmeas.
(°cO) (bar) (mass%) | (mass%) (mzlsec) (mol. fraction) | (mol. fraction)
10.0 0.1024 0.06 0.66 9.33E-12 0.028 0.028
10.0 0.5038 1.01 3.39 1.15E-11 0.131 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 3.67E-11 0.465 0.464
10.0 2.5024 18.33 23.30 5.37E-11 0.565 0.566
10.0 3.0041 25.90 32.36 7.06E-11 0.672 0.670
9.9 3.5039 38.42 47.48 6.49E-11 0.794 0.796
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di ffusi on nodel analysis. The initial concentration
(C0), final saturation concentration (Cs), and
w@ adossased sol ubility (Xcaic.) are al so proviPerdus1woe/004230
Tabl e 28. Tabl e 28EXAMPLE 28 Sol ubility of
ifaqdor onet hane (HFC-32) in
Taﬁ‘-egll‘}PyI -3-net hyli m dazol i um net hyl sul fonate A
solubjlity and diffusivity study was made at a

tTenperatuli’e of 25CHC dver G pressidg range om0 t o Xineas.
ere [he sqlubiliti X wer e measur e .
(ﬁg? \eg? Dvi mZ'tnla s?/fn bﬂ g/g\)nc {mﬂﬁ’cg he(mok fiastign) ige@ml- fraction)

L) werm 628 CIIT ap 3¢ TSI IOy 35 O Yy oAt ifibusi o —Go1s

nv'\/

e T (o Tt en (o,
I RO I o 43 i dedliln Talll6229 0.162
.01 o) Sh5eks ubi LIPS ofl 416100 Pt [(HECO23Y in 0.235

_24.%utly12.803bt hyl?-ﬁéd oI iQ28 t hi cciAhat d A s6I130Bi | it 0.303
2 di £2.6838/i Ly 202dy |wadllsade| ak9gE-1enper andee of 25  0.366

NS

2. Dver 0@ essurig.r3ange from O 17411 bdr wheeot he 0.428

ZQ ubji 13,5085 [(Xeam. ) |Wenggeas U &E Y5Ng a0 401 0.490
gravinetrrc crobalance and the drifusivities (D)

were cal cul ated using a onedi nensi onal diffusion nodel
analysis. The initial concentration (C0), final

TaldaBdde at i on
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 34d

T P Co Cs Deff. Xcalc. Xmeas.
(°C) (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
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concentration (Cs), and cal culated solubility (Xcaic.)

are also provided in Table 30. Table 30 EXAMPLE 30
w®odoahs4261 y of di fl uoronet hane (HFC-32) in PCT/US2006/004230

| - butyl -3-nethylimdazolium1, 1, 2-

trifluoro-2-(perfluoroethoxy)ethanesul fonate [bm m

solubility and diffisivity study was nade at

a tenperature of 25 0C over a pressure range fromoO to

Solubilityrofilkigt 3-tetrafluoragshanet (Y- E%ﬂr}as Dyethph-E neasur ed

mff@"mgﬁ@%ﬁ@ ﬂb‘é’ﬁgﬁ’ﬂkm Gt Miffh [ Vit es

nodey scﬁﬁlﬁliw&hﬁ-dif’ftﬂﬁvﬂt}ﬂzsttuﬂ}atvas:ﬁradeEﬂtaftampefau(r%f,10f25n a0, and
saturation concentration cal cul at ed

Cs),
75 § GI aviei b prepsyrXeanige fonuf &0 %Esh?} Whgﬁr;’d the spIphiliftgh{enes) Were

bI e 31 EXANVPLE 31
me@ﬂff gsifig 2 gravipe ln_llgrob%?aﬁlg%) bxlld %Laz 1 3%1{1%511(@2%'%5 RARGlated
usfh%' fdn%%ﬁeﬂﬂ&ﬂdl afffusnaieddl amm*s hmemuiaﬂ condeatrhtion (@),

A solubility and dlfoSIVIty was nmade at
fra oo N Mo ACOCHS A sl (gt FBAPEHFS
10 bar where the solubilities (Xmeas.) were neasured
using a gravinmetric mcrobal ance and the diffusivities
(D mree 3sa) 356 3 endi35dproaidentact foe 05 GnBY, Xdicf indXasns at a
nodel &I{y& s. The initjal concent rg/ltl on (CO) final

tergperaiieg oty EoRt &t TRE: B (36 IesRFEVER cul at ed
solubility (Xcaic.) are aI so provi ded in Table 32.

Table 35a

T P Co Cs Deff. Xcalc. Xmeas.
(°C) (bar) (mass%) | (mass%) (mzlsec) (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 7.74 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
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Tabl e 32EXAMPLE 32 Sol ubility of

1,1,1, 2-tetrafl uoroet hane (HFC 134a)

woredohps426d dazol i um
1,1, 2-trifluoro-2-(trifluoromethoxy)ethanesul fonate
[bmm [TTES] A solubility and diffusivity study was

made at a tenperature of 10, 25, 50,

in |-butyl-

PCT/US2006/004230

and 75 0OC over

TaBlesSpure range fromoO to 3.5 bar where the
solubilities (Xmeas.) were neasured using a

ce :u:\Lfl*

e rhffnc-'

a

et ric m-crobalance vities ( ﬁ\
%r e cal CEI at ebd u§p ng r%— di rren@e@’nal d| ff%@lcon Ximeas.
el |a Si ni t, ofONCent i al P
BB LB e, &’*‘?%fss‘"‘? CHYAR) | PinbERactohf ! amol. teaction
2pbubl I Dhips{ Xtai .01 are ab.gp prjo¥boedl [Tabl esoBa, 0.019
289, 36,5080 | S3@.gar OVj del gata Tonekly [, %o?é(al ¢ d 0.086
PGS | Al oF4§ CTPEHESUT €013 §OC,T 28,511 5SPOCFkar5C, | 0.163
ZE T A os*i'f‘@fw dlEdbel %Li 0235
#4980t 2§b3zn h\/ﬁIGL daizaol $2§w S70E-117] "7 03037 0.304
249, 21t 2i5PBLiof o- O-1perlf | 8 et 1 o§<-§§]€5‘tlllaa esul%3@hat e 0.368
_24%i nl  BOPES] 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
Table 35¢
T P Co Cs Deff. Xcalc. Xmeas.
cO) (bar) (mass%) ‘ (mass%) | (m*sec) | (mol. fraction) | (mol. fraction)

50.0 0.1046 0.14 0.23 5.84E-11 0.011 0.011
50.0 0.5050 0.58 1.00 6.72E-11 0.046 0.046
50.0 1.0043 1.42 1.99 8.15E-11 0.089 0.089
50.0 1.5046 2.48 3.00 7.67E-11 0.130 0.130
50.0 2.0037 3.46 4.04 8.44E-11 0.168 0.168
50.0 2.5033 4,51 5.10 8.82E-11 0.205 0.205
50.0 3.0034 5.57 6.19 9.36E-11 0.241 0.241
50.0 3.5040 6.98 7.32 8.24E-11 0.275 0.276
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A solubility and diffusivity study was nade at a
tenperature of 10, 25, 50, and 75 C over a pressure
wo 2ges£26om 0 to 3.5 bar where the sol ubiliti eBCT/US2006/004230
(Xnmeas.) were neasured using a gravinetric
m crobal ance and the diffusivities (D) were cal cul ated
usi ng a one-di nensi onal diffusion nodel analysis. The
Tabli 35dal concentration (CO0), final saturation
concentration (C ), and calculated solubility (Xcaic.)

—are -also provided- Tables 34a,34b—34¢c—and 34d
pFovi fle dBta mor G, B, s xcaic Dard Xheas Stea Xmeas.
o 2b C .
BRIP40, °1 RSP PR B L RRAFRAHE,Y ol fracton
14.9, 1] 2ot1644 af | uorieet haneo (BIFC| 184ai-10n| | - etdiyie 3- 0.006
RSNy T [1sd87 0| TUGI ST Penb.a8T Uar pgEAYDSIT ToMyedy M d9 0,027
VET " 11‘6611;! i?‘@'é’?”' 1YY _GT1RERIW | Y _S'digss Was ~ 0.053
,ZEI ;S . l pgglllu'cl l4 T g\?é ﬁﬂ;l.m_%lglldhéd C\JO78UVCI Aa 0_078
Y i 2O0ALY XmZ;QL\ wor 23 ead uk A0 by o 0102 0.102
@Avi reRd987 i cr 368 ante 288 t Hel A2EA10s| vi tiGRY D) 0.125
WePe caBOO#At ed 3922ng a ohd7di mehé9B118l | di f flu4n 0.147
wheel | aR30YBi $. BB i nj ti4b6concenVEADI pn (@)49 fi nal 0.169

saturation concentration (Cs), and cal culated
solubility (Xcaic.) are also provided. Tables 35a,
35b, 35c, and 35d provide data for CO, Cs, D, Xcak and

EXAMPLESs 2

Solubility of 1,1,1,2-tetrafluoroethane (HFC-134a) in 1-buty!-3-
methylimidazolium 1,1,2,3,3-hexafluoropropanesulfonate [bmim][HFPS]

A solubility and diffusivity study was made at a temperature of 10, 25, 50, and
75 °C over a pressure range from O to 3.5 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 (X.ac ) are also provided.

Tables 36a, 36b, 36¢c, and 36d provide data for C,, Cs, D, Xeaic, and Xpeas at a
temperature of 10°C, 25 °C, 50°C, and 75°C, respectively.
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tenperature of 10C, 25 C, 5Q0C, and 750C,
respectively. Table 35aTabl e 35b Tabl e 35cTabl e 35d
wWE0MMPL685 Sol ubility of 1,1,1, 2-tetrafl uor oeP¢EHNE2006/004230

( HFC- 134a)

in |-butyl

-3- nethylimdazolium

1,1, 2,3, 3-hexaf | uoropropanesul fonate [bm m [HFPS] A
TapRI3éRai | ity and diffusivity study was nmade at a

tenperature of 10, 25, 50,

and 75 0C over

a pressure

range fromO to 3.5 bar where the solubilities

Xmeag. ) ref megsur eq usidig = etyrc

rr?\cro al a]%fe and tThe di ffusiviti e?lffD) wer e Xdbcul afed  Xmess.
(@€) ng| a (bay- d ifmasi%hdl (madsPa)si oinTRedp! | afial. YisicEon)T Ne(mol. fraction)
niti htration{(CO) _fimal saturlation

Wethcent 9-899%n] (80 And &4l cul t@RE-4bl lubi | 0615 0.015
$Rcaic.9-581%0| proveded. Tadd es| FBRAE-3BDH, 366,088nd 36d  0.082
Ir@vi del.6@dla for2.@8, (s, 936 XcailcBRI1Kneas ati7a 0.172
foeorper af.498p of 1804 29 Cg &IC, [amkelPL.| — 0261 _ | 0.264
5 eSPeCT].ysyy - [Tabh 3363 Tablsy SPGLa F1 360 EYANRIE S6— 35,
ToR) UDF T3 3yt [ Tk 7 4tk net T por et ppre—(HG s34 ern— 7o

LI LA LAY L]
10 558010, | 19%60) znget L S8AE-LY HanesQ%¥8nat o 0.550
10| »7e 34937 | 27.72 36.37 | 7.13E-11 0.675 | 0.677
| ] Va Va =
Table 36b
T P Co C‘s Deff. Xcalc. Xmeas.
(°C) (bar) (mass%) | (mass%) | (m%sec) | (mol. fraction) | (mol. fraction)
24.9 0.1007 -0.02 0.26 1.61E-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
Table 36¢

T P Co Cs Deff. Xcalc. Xmeas.
°O (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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PI[TPES] A solubility and diffusivity study was nade
at a tenperature of 10, 25, 50, and 75 C over a
wpe@ssse2 range fromO to 3.5 bar where the  PCT/US2006/004230
solubilities (Xmeas.) were nmeasured using a
jJretric mcrobal ance and the diffusivities (D)
Ta%fee?%ddggl cul at ed using a one-di nensional diffusion
nodel analysis. The initial concentration (C0), final

oot v HEPEE PPN Y WP SIS A a0 oA ol Al At AR
O, lU[.lTU CU I\.a.CTI T atl II‘\ }, C(II. AT T —acT T X
s Iubéglty (§3a|0.9 arf al pr?w2 d. Tablé§w37a3 meas.
y Vi ) : ; i
QU e By )y ket ) MRaCOR | (BARY pEmobfrateRhl| (mol. fraction)
769C, | r 69p82t i vely4Tabl e B78Tabl £088-d 1EXANPIE)GBT? 0.004
sobubi | oi5p18f | 1, .21, 2- et g.abl ugrpeebane] (HFGQ.dRAa) ijn 0.018
4.50ul Vi 0bd I adegygo) DSESWQP' UM 6.65E-11 0.036 0.036
145 2113002 PRSI o OPT OPSIES 7 SEET. | . 0053 . 1~ 0.053
MM T NP A 4T M 3 A 2k AT
He, ﬁéﬁgé@.. e 238ge frotwd 14 BIEEAL T uheld8he 0.087
Pubi | 84002Q (Xneed ) wer206easuf-d4Eddi hg a0.103 0.104

gravinmetric mcrobal ance and the diffusivities (D)
wer e cal cul ated usi ng a one-di nensi onal diffusion
EXMPLEaB@l ysis. The initial concentration (CQ0), fina

saturation concentration (Cs), and cal cul at ed

SoR®EIR o1 {11, X6tRh findroeth e SAF-PY4 84l tetradecyl(trihexyl)
phosphonium 1,1,2-trifluoro-2-(perfluoroethoxy) ethanesulfonate [6,6,6,14-
Pl[TPES]

A solubility and diffusivity study was made at a temperature of 10, 25, 50, and
75 °C over a pressure range from 0 to 3.5 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 solubility (Xca ) are also provided.

Tables 37a, 37b, 37¢, and 37d provide data for C,, C, D, Xcarc, and Xieas at a
temperature of 10°C, 25 °C, 50°C, and 75°C, respectively.
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Tabl es 38a, 38b, 38c,

D, Xcai c,
WG 0Ds/084262 750C,

and 38d provide data for CO, C8,
and Xffleas at a tenperature of 100C, 25 0C,
respectively. Tabl e 38a Tabl e 3BCTER1006/004230

38d EXAMPLE 38 Solubility of 1,1,2,2-tetrafl uoroethane

(HFC-

134)

in |-butyl

-3- nmethylimdazolium

hexaf | uorophosphate [bm nj[PFe] A solubility study was

Tab®&aat a tenperature of 10, 25, 50, and 75 OC over a
pressure range fromO to 3.5 bar where the
solubilities (Xneas.) were neasured using a
agravi retrpc m crapal ance. clabl e,s g, 3JIb, 3P¢, and X meas.
39d provide data for Xmeas at q erature of 100C|25
(03] 5oo@arand flsre,ss%bcpeeﬁs\/e) mﬁp seaqlo&@/cﬁ@m)z sgmol. Fraction)
T} Tal 20 |AL A0 AEWANDL E 2 Saol-ubi |i\/
L 4 iTE g:ﬁ*ﬁfn\ S0 ot JOOELT N 0387 0 [ 0038
,-g,yfaf Nk nanhq iJ m 99 PEG 12.0¢EAT hi | | 0198t udy 0.190
s nadb0%5 ol t eBedbr atlur -2 10.2.7F-150, an@338 C oler 0338
a.8 1.4988 7.01 9.95 3.28E-11 0.458 0.452
10.1 1.9940 10.46 13.72 5.63E-11 0.549 0.551
9.8 2.4956 14.69 18.30 1.01E-10 0.631 0.634
9.7 2.9998 19.78 24.52 1.23E-10 0.713 0.718
9.6 3.4947 26.93 34.29 2.24E-10 0.800 0.799
Table 37b
T P Co Cs Deff. Xcalc. Xmeas.
°O) (bar) (mass%) | (mass%) | (m*sec) (mol. fraction) | (mol. Fraction)
24.9 0.1000 -0.01 0.26 2.82E-11 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 37c
T P C‘o Cs Deff. Xcalc. Xmeas.
(°cC) (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

117




pressure range fromO to 7.0 bar where the
solubilities (Xnmeas.) were neasured using a
w@e@vioses2 i ¢ i crobal ance. Tabl es 40a, 40b, 40RCT/HSZH06/004230
4Qd provide data for Xnmeas at a tenperature of 100C,
Taﬁ_ﬁﬁd 5Q0C, and 75C, respectively. Table 40aTabl e 40c
able 40d EXAMPLE 40 Sol ubility of fl uoronethane
(HFC-41) in |-butyl - 3-net hyHm dazol i um

hexaf fuorgphosphate b PFRet—AcsotupiH-ty—Study
was nmpde gt a|tenptratjure of 10, . 50, and*¥%s 0C Xmeas.
r B hesUl ¥nfadsmy f (AMs%) ¢ ARY/aRy \WORLE fidifion) | (mol. fraction)

salubjlities (Xneas were peasured usihg a

W-Qvi he@A0t! m cr 6841 anlce. 0.0%bl ¢sl.84B-104lb, 4102 and|4 0.003

WO prpvideldata D2 Xneas0.52 a|tegpenature @03b0C, 25  0.039

3 5D0C.0emsl [506,77r espectigel y. {lapgaodlaTaly ®r41cC 0.083

7001 e ALdG3AVPLE 4} SoTubf 74Ty 0] 0gE-10 0.121 0.122

Hym el (e b
’}}’@% ] J\ZSQ\$ thi} ;_2‘6'5\8!' dyv tﬁ 2851 enperature of 0.194
r

) ok 3804 by 380C duerd§ prbckOilEDapge g 0 th 0227
%9 phr3-982k el t nd-960l ubi 1427 es | (XhE40)| wer @ 2%dasur éd _ 0.256

1%

using a
EXAMPLE 37

Solubility of 1,1,1,2-tetrafluoroethane (HFC-134a) in
tributyl(tetradecyl)phosphonium 1,1,2,3,3,3-hexafluoropropanesulfonate
[4,4,4,14-P][HFPS]

A solubility and diffusivity study was made at a temperature of 10, 25, 50, and
75 °C over a pressure range from 0 to 3.5 bar where the solubilities (Xmess,) 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 (Xca1) are also provided.

Tables 38a, 38b, 38¢, and 38d provide data for C,, Cs, D, Xeaic, and Xopeas at 2
temperature of 10°C, 25 °C, 50°C, and 75°C, respectively.
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gravimetric m crobal ance.

Tabl es 42a, 42b, 42c,

and

42d provide data for Xneas at a tenperature of 100C,

WQ06088600C, and 75C,

42bTabl e 42c Tabl e 42dWere a conposition,

or
conpri si ng,

i ncl udi ng,

respectively. Tabl e 42a AGDUS2006/004230

cont ai ni ng,

le _ _ appar at us
process of this invention is stated or described as

havi ng, being

Tabl€®8p0sed of or being constituted by certain features,

conponents or steps, it is to be understood, unless
the statenent or description explicitly provides t
phefcontrary, tlggt ome oC,hore fbatur s, c¥mmonents or Xmeas.
steps in addition tol|those expllg ated or .
(o@escrl fu) may(m@ssp(pb L masp¥p)t h bdi équgnfj tb‘b“a}r - (mel- Fraction)
1020t 0350, | A 2 O 2523%-. PTIL,_TTHeyer, fhe 0.032
9.fay b 3401 dg 0 Resdr ol deiVEr ;Tj' S DIZET T O~ 0.152
10%  cler®.2998 fleat Bl és, conﬁﬁﬂnpn d4E-T1 dis 5353;[;[1 7 0289
10enbadi n#989 fleat 668s, |cofsbhent $-GE-4t ES’IﬁﬁlenuJ 0.403
10MRt r 1 2b996 al t an.4she |pr ilB8Dpl ¢ 40F7Eopkriat | 0R-497 t he 0.494
1088 ST M8 NT Ng 1ahar adt enggsi cs 5041B-be iconpdsisyi on, 0.587
1RPPA & B§PT | PT@cdess [ar 8479t prieganiotiher eow7bi a 0.672
1q Tt 290 ST T3 HF, G TUSRIGTENT 2 6 16 9TPOS oiAgen of 0.763
H-S+HHvyehtt+-ot—tray be—stated—or—described as
consi sting of certain features or conponents, in which
TabfR8@gdi nent features other than naned and conponents
ot her than
T P Co Cs Deff. Xcalc. Xmeas.
(°C) (bar) (mass%) | (mass%) (m%/sec) | (mol. fraction) | (mol. Fraction)
25.0 0.0998 0.05 0.34 1.70E-11 0.021 0.019
24.9 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 0418
25.0 2.9990 10.82 12.84 7.38E-11 0476 0.478
25.0 3.5021 13.55 15.47 1.01E-10 0.530 0.530
Table 38c
T | i Co Cs Deff. Xcalc. Xmeas.
O (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 4.29 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
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impurities are not present therein hi

al ternative enbodi nent,

t he apparatus or

a further

process of

WO Rios/084202nt i on nmay be stated or described as PCT/US2006/004230

consi sting of certain features,
i ch enmbodi ment features,
than as nanmed are not present therein.

Tabi, Sﬁgﬁ‘

conponents or steps

VWher e

conponents or steps,

t he

indefinite artlcle" " or "an" is used with respect to
a—stategenrt—or—geser pII —oftir EYETCE T X neas
T eat|ur e, conpon 0 B in 6‘ﬁ‘po iti on““appar at us B
o ar o aof (thbés%e) 1 @ﬁﬁsk%’) I(fm‘,‘l’ﬁcl (molufrdeti@i)op ymol. fraction)
(
| gss the gt at enent {or descr nti&“@,@ nl mJQ:QIQé 5505

7500 oVli dBB0G60 |t he0.08nt rlar \0.14 hat 1t g_of :
740006t 101504 ar t16B6 ddes O® | | i39B-h@ |pres@®B@ of the 0037
74l EatuT £ 100NMPONGRE or stieps I n| tIBTE-0OPOSI t DA 0.072
74@'“4‘ af P00 | PTPUSSS |10 oFF 11 1MBRe0. | A refiosgeraht 0105
74“3& HSZOQ:IGT e Uc dl%»f)lle oquggali@ o1 alplyskhe 0.136
iy ersoit %L atgr 576 Idlllbo()ll6§_CfCTSr.d 0.165
74"‘}%[9 |’125 2 nt 8’ al ‘ vcl, ally DITE 0.194
748 nprd0R7 ¢ osyﬁp P K AN R o rota :
749 oup B603%f i gdrént s di s osed AEdDn, Jl\thrEj he 0.221

subgroup is fornmed by excluding any one or nore other

menbers fromthe total

refrigerant

EXANPTR ﬁs
Sl ze tha
Solurb%t

group. As a result,
in such instance may not only be any one
of the refrigerants in any subgroup of any
t may be selected fromthe tota

t he

group of

09? ai]i %etrgﬂ@nloe{lﬁ%e\(ﬁﬁ'coi‘§4)th1f-lﬁ[t§ﬂ§- conbi nati ons
methylimidazolium hexafluorophosphate [bmim]} [P¥s}

A solubility study was made at a temperature of 10, 25, 50, and 75 °C over a

pressure range from 0 to 3.5 bar where the solubilities (Xmeass.) Were measured using a

gravimetric microbalance. Tables 39a, 39b, 39¢, and 39d provide data for Xiess at a

temperature of 10°C, 25 °C, 50°C, and 75°C, respectively.

Table 39a
T P Xmeas.
O (bar) (mol. Fraction)
10.0 0.10 0.029
10.0 0.50 0.176
10.0 1.00 0.357
10.0 1.50 0.528
10.0 2.00 0.686
10.0 2.50 0.814
10.0 3.00 0.974
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of individual nenbers of the total group, but the

menbers in any subgroup nmay thus be used in the

wab®engeeonf one or nore of the menbers of the POI/EBE2006/004230
group that have been excluded to formthe subgroup.

The subgroup formed by excl udi ng various nenbers from
Tabl?ﬁgbtot al group of refrigerants nay, noreover, be an
' i otal group such that that
% n the absence of all other
bPERhcisHUp except the selected
er. Aionic liquid for use herein may
75qe any e or nor@0»4 all)the nmenbers of the total
75y oup qf 56 onf ¢ Tiguigls di scl osed herein. The ionic
3 18y @ SO, hiowgver, |be any one or nore of those

& aubgo 5y of—the total group of ionic
: ' gise uocu¥12§ein, where the subgroup is forned
259 el rﬁ%QQng any QA& or mpre other menbers from the
250tal groRip. | As a0P23ult |the ionic liquid in such
25.@1st Ance0ray | not B8y _be any one or nore of the ionic
73 0qu| ds3.5m ahy suPgBBup off any size that maybe

Selected fromthe total group of ionic liquids in al

the various different conbinations of individua
Table¥flsers of the total group, but the nenbers in any

subgroup may thus be used in the absence of one or
nore of the nhers of the total group that have been

€xcl udedPt o for m Xaessubgrloup. The subgroup formed by
excl ydi varni ou fromthe total group of
(@ni ¢ I@%ﬁlds ﬁﬂ?&ﬂﬁggggier, be an i ndivi dual menber
s tie pgpal [oroup goéch that that ionic liquid is used
55% the 4o ar

50.0 1.00 0.103

50.0 1.50 0.155

50.0 2.00 0.205

50.0 2.50 0.255

50.0 3.00 0.302

50.0 3.50 0.346

Table 39d

T P Xmeas.

(°C) (bar) (mol. fraction)

75.0 0.10 0.006

75.0 0.50 0.029

75.0 1.00 0.058

75.0 1.50 0.087

75.0 2.00 0.114

75.0 2.50 0.141

75.0 3.00 0.167

75.0 3.50 0.196
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menbers of the total group except the sel ected
i ndi vi dual nmenber. CLAIMS What is clainmed is: 1. A
W@ o09p0s4262 on of matter conprising one or nore PCT/US2006/004230
refrigerants absorbed in an ionic liquid, wherein the
EXghpigesants are sel ected fromthe group consisting of
hydr of | uor ocar bons, hydrochl orof | uorocar bons

. fel 0 fl uor ogcar @, CO, NH3,
sofBhfty i PERARE BFec P E BB el hes St ect o
hetafhrorbpleosphatebesiff] B4 ng of Cl to C4 straight-chain,

branched or cyclic alkanes and Cl1 to C4
strai ght-chain, branched or cyclic al kenes. 2. The
CONRO in_the dr.of | uor ons
ar gR ssé &HI?@&% oM t ed]ega\r{\%g%‘g%%ﬁ%lf ﬁh%) Eg’f§0 and 7§ 28 over a
preslsu&da tempe fehhere7.0 WaSvBak ,th@mahhégomgs haRR hEltreiaRing a
1,2,2-tetrafl uoroet hane (HFC
gr aimietlic mi¢rapslangey orables Hﬁﬁéloijkm an®@49g provide data for Xpneqs at a

oo R e (G iyl | oot e

conmposition of C a|n11 wherein the
drochl or of | uorocarbon i s chl orodi fl uor omet hane
& 22). 4. The conposition of Claim1 wherein the
chl orof | uorocarbon is dichl orodifi uoronet hane

(CEC-12)

P Xmeas.

O (bar) (mol. Fraction)
10.0 0.10 0.009
10.0 1.00 0.107
10.0 2.00 0.221
10.0 3.00 0.329
10.0 4.00 0.443
10.0 5.00 0.575

Table 40b

T P Xmeas.

°O) (bar) (mol. Fraction)
25.0 0.10 0.007
25.0 1.00 0.073
25.0 2.00 0.144
25.0 3.00 0.215
25.0 4.00 0.283
25.0 5.00 0.351
25.0 6.00 0.420
25.0 7.00 0.496
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5. The conposition of Claim1 wherein the o
fluorocarbons are selected fromthe group consisting
wotoopesfbror omet hane (FC 14) and perfl uor oet haPer/[52006/004230
116). 6. The conposition of Caim1 wherein the
Tapudel uori nated hydrocarbons are selected fromthe
group consi sting of nethane, ethane, ethylene,

pr opane, cyclopropane propene, propyl ene, butane,
byt eng, apd i sobut 7—1he conposition of Caim1l

erein an ionic Ild’ﬁﬁsd cornprises a cation sel ected
¢COm t hebgrjoup @uelstrattiog of : Pyri di ni um Pyri dazi ni um
zinium I midazolium Pyrazol i um Thi azol i um
j@i i UPAON R3 Tr P&PSI i um|wherein Rl, R2, R3, R4, R5
3hd R6 at.80i ngepentddtly sel ected fromthe group
sohisi stihgoof] (i)okdgeii) K

50.0 3.00 0.122
50.0 4.00 0.160
50.0 5.00 0.198
50.0 6.00 0.235
50.0 7.00 0.270
Table 40d
T P Xmeas.
°O) (bar) (mol. fraction)
75.0 0.10 0.003
75.0 1.00 0.025
75.0 2.00 0.051
75.0 3.00 0.076
75.0 4.00 0.100
75.0 5.00 0.124
75.0 6.00 0.147
75.0 7.00 0.170
EXAMPLE 40

Solubility of fluoromethane (HFC-41) in 1-butyl-3-methylimidazolium
hexafluorophosphate [bmim]{PF;]

A solubility 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 (Xieas.) Were measured using a
gravimetric microbalance. Tables 41a, 41b, 41c, and 41d provide data for X, at a
temperature of 10°C, 25 °C, 50°C, and 75°C, respectively.
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(iii) CH3, C2H5, or C3 to Cl12 straight-chain, branched
or cyclic alkane or al kene, optionally substituted
wowaok/ogd262 Br , F, | OH, NH2 or SH; (iv) CH3CT/U21d86/004230
or C3 to Cl12 straight-chain, branched or cyclic al kane
TaBle Ahkene conprising one to three heteroatons sel ected
fromthe group consisting of O N, S and S, and

optionally substituted with d , Br , F, I , OH, NH2

SH— (]Iy) 510 §Zu unsubstituted aryl or
het erparyl, wnherei n™Bhe tojthree heteroatons are
enqeat)l y

(eaylep LaRlokatradtién)om t he group consisting of O
_and_S;

N,__Si or
par®10 three heteroatons are

vi) C6 tao (2

vyper ei B.0BRe to

substituted aryl

HEQ er
endedfd | y

sel e@02d fromthe group consisting of O

i0lep
andoe,

and ope440 th

ee substituents are

N.0Si
endend Ty

selreglesl 770

m the group consisting of 1)

1owlep
LAI"’D@O or

ut_@ZST

ai ght - chai n, branched or

g, [<h
e g

NED2

ptional ly substituted with

189 ¢ [nd3her

Ot ﬁ}g;igre, O

TN 1=

R cahidhget h

SH, 2) OH, 3) NH2 and 4)
'y, at least two of Rl, R,
er forma cyclic or bicyclic

and
W %anyl 2%0 al kenyl 0.§8%Bup. B. The conposition of Caim

. 1R.%nd
7 wherein at least one of R, R2, R3, R4, R5 and R6

inan ionic liquid

Ta@ggﬁ ises F-. 9. The conposition of Cdaiml or Claim7
T

P Xmeas.
O (bar) (mol. Fraction)
25.0 0.10 0.000
25.0 0.50 0.014
25.0 1.00 0.031
25.0 4.00 0.126
25.0 7.00 0.211
25.0 10.0 0.286
25.0 13.0 0.353
25.0 15.0 0.392
25.0 20.0 0.484
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conpri ses an anion selected fromthe group consisting

of [CH3CO2] , [HSO4] ,[CH3OSCE] -, [C2H50S(3] -,

wQ 20chogide2 [CO3]2 , [HCO3]-, [NO2] , [NGB] , [BOHE{P2006/004230
[PX4]3, [HPO4]2 , [H2POM] , [HS®8] , [@ud 2] , O ,
Br , 1", and any fluorinated anion. 10. The

conposition of Claim8 wherein an ionic liquid
Tablenflei ses an anion sel ected fromthe group consisting

of [CH3CO2]", [HSO4]", [CH osa] ", [C2Hs0sM3]
[AICI4] [CGB]Z, [HCO3]", [NO2] , [NG3] , [S»4]2
[ff’04] ﬁHPQﬂfJ 2" X[HHZPC?I] [HSQB] , [QuC 2], C
, , and an fluorinat ed anion. 11. The
(867hp05| t(b@lr) of é!ll(d{ fractien) ¢ ai m 10 wherein a
torh bR—-S5-Sefeeteq fromthe group consistin

of [ BF4 %Toﬁ PE6] OD@\EN [ CF3SQ3] g [H?:FZCFZSCB] )
3043 cr@:59q 31", P8¢ FCEPSCB] |, [ (CF3SR) 2N
JQ.€F3502).8¢] \ | [ CF3002] . amd F . 12. The composition
$1.0d pi .00 0r | A ai M079where¢in an ionic liquid
00mpr) seppo@n ani onpgebected fromthe group consisting
9.0 BF4T10.01 P-bJ ,oh®PF I | [CF3SGB] -, [HOF2CF2SO8] -
3043 OB =, ¢ FCF283] , [(CF 3SQz)2N 1",

4 535 "0’3]\ {Cz-f"’ 2 and F . 13. The conposition
aF —C-ai-m 8- where-A—ap—i-eni¢ | i quid conprises an anion
@GQQCJA Qom the ﬂEA?:m comsi sting of [BF4] , [PF6]",
[ SbF6] " [CFBS(B] [HCFZCFZS(IB] , [ CF3HFCCF 2S(3] ",

T {,II-QS:IdFCFZSQB] [ (CFSSQZ) 2N ", [(CF3S2) 3C] -

T P Xmeas.

O (bar) (mol. fraction)

75.0 0.10 0.002

75.0 0.50 0.006

75.0 1.00 0.014

75.0 4.00 0.056

75.0 7.00 0.095

75.0 10.0 0.131

75.0 13.0 0.166

75.0 15.0 0.187

75.0 20.0 0.238
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[CF3COX2] , and F . 14. The conposition of Caim?7
wherein an ionic liquid conprises an im dazolium
W@ 200608426nd an ani on sel ected fromthe group CPCEUS10061¢P4230
of [BF4] , [PF 1", [SbF6] , [HCF2CF2SO3] , [CF3S@3]-,
[ CF3HFCCF2S@B] ", [HCC FCF2S@B] ", [ (CF3S02) 2N
[ (CF3SM2) 3C] and [CF3CA2] . 15. The conposition of
EXAMPhE/4Ivherein an ionic liquid conprises a 1-
but yl - 3-nmenyl i m dazol i um cati on and an ani on sel ected
Soliblity fol ehEE‘@Mﬂuﬁﬁﬁﬁéﬁhh@g—IQFd—ﬂé‘lh lrblgﬁﬁglmethgfﬂ?ﬁ(ﬂz'blium
[ HCF2CF2S3] -, [CF3SM38] , [ CF3HFCCF2SC8] ",
hexafjuor epirosplate- [bngi Y2N| " [(CF3S2)3C] and
[ CF3COA2] ".16. The conposition of Claim?7 wherein an
itonic liquid conprises a 1- butyl-3-nmethylimdazolium
cat AGolubiltty 3thdgri B ielae 6 t@Epdrtars ¢M®, 35 B as NS PS bt
of [BF4]-, and zLPFG] . 17. e conposition of Claim7
pregimet wnge fam G 40 bpijuhere demgplubiligesyXinas.) Were measured using a

era PN, gl SR Bt ALY Ao PPt TP R
terfpefIhdSOR ) 6, 25 °15 50°U@ne I5POSkigeetivedy. C ai m 7 wherein
an ionic liquid conprises a cation selected fromthe

group consisting of 1,3-dioctylimdazolium and
Table@8LY! - 3- methylinidazolium and a [I] as the anion.

T P Xmeas.
O (bar) (mol. Fraction)
10.0 0.10 0.014
10.0 0.50 0.076
10.0 1.00 0.158
10.0 2.00 0.321
10.0 3.00 0.465
10.0 4.00 0.600

Table 42b
T P Xmeas.
((8)} (bar) (mol. Fraction)
25.0 0.10 0.012
25.0 0.50 0.053
25.0 1.00 0.104
25.0 2.00 0.204
25.0 3.00 0.299
25.0 4.00 0.390
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19. A conposition of matter conprising at

| east one

refrigerant selected fromthe group consisting of

waledobosrenet hane (HFC- 32),

pent af | uor oet hane (MFCZUIDHH/004230

1,1,2,2-tetrafl uoroet hane (HFC-134),

Ta%leizizi:

( HFC- 152a) ,

2-tetrafl uoroet hane (HFC
trifluoroethane (HFC 143a),
fl uoroet hane (HFC-1 61),

chlorodifluoromethane(HC

dLchl ¢

W g

r odPf | udr

o f0?

LINLA " B

arone?h&ne (CK
HP?&%&E‘@”

:r{]
e 1onic

s@b! of

agqor di

ng to.q0sai m 1

F@)@Im

9; O\gt)er

TN GE

5

997 9% ;B e P

- ey

o

%0 e

P

f angn@ er|6U||| t

‘1r Péé) ;r

1 Wlll L\’IIP
f_rﬂmo\lléljllllm_t

xfrﬂéﬁraf

t. 20-20Fhe

wherein an ionic |iquid conprises at

cation or anion conprise at

Tab

22._ A

ition of daim19 wherein,
both the cation and ani on conprise at

omosi t

iLon r‘nrmr Lsi

i Bnic|li q®i d t/hat |X:me£sonpr|
E°%)CI ! nzbZir) and (1%01. %cﬁgnf‘c
75.0 0.10 0.000
75.0 0.50 0.012
75.0 1.00 0.028
75.0 2.00 0.059
75.0 3.00 0.090

1

134a),
1, 1-di fl uor oet hane
- 22) ,

C-12), perfluoronethane
(FG-1 16); in adm xture
uid that is conprised of a
and an ani on according to
ition is conprised of about
rcent of a refrigerant over
e triple point tenperature
rature of the refrigerant
o the critical pressure of

nposition of Claim19

| east one of the
| east one F . 21. The

in an ionic liquid,

| east one F .

g HFC-32 and at | east one
sed of a cation according
cording to Claim?9
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wherein the conposition conprises fromabout 0.1 to
about 99.9 nole percent of HFC-32 over a tenperature

WO angesf2som about -136.8 to about 78.1 OC at aPQEI/ESZ06/€04230
from about vacuumto about 57.8 bar. 23. A conposition
conprising HFC- 125 and at |east one ionic liquid that
is conprised of a cation according to daim?7, and an

ani Whedss 661 or@tid0 a @a@é‘c’(ﬁ & 1’6’5&5 %f fhl§ Hl%'e Q$iatd ¢
deSCO@J ises from ab to ab . percent o

eI, TEORIAE i G0, &fr‘i%@mposqctmf @ being
comabtmigd 166cefiant featumseﬁcﬁn!ﬁcﬁleﬁtfs @mst’ébﬂ Ut is Y@ B U Qo8 Qﬁﬁess the

stat%l%eﬁt Q{e’scrﬁfhono ﬁﬁ@é{ﬁ}(’) g%?tv etsﬁ% ré%rgl ﬁgt%gﬁggg%p erfnﬁgre%natures
congpanients oasleps th agiticn tGitlaismeTplicathyl stated anideserided ﬁfa@*lbﬁg)rés@nt
in tﬁ% éérﬂ}x?sm&‘f‘ %ﬁ}%{ré}ug %&9&9 o%%{] %R?&EE% ﬁﬁ dnfn\r/ 2 gw(e)‘lf'letr the

1.10 about erce
COWI&%B@Pa%RHaéaWSanM%ﬁf Bouventippanagy hepstatbd at ddsomb@l &t

con&sﬁﬁ@@@éﬁt&ll@fﬁ%ﬂﬁﬁ Waties %Hiﬁgbﬂelﬁ@&’stteﬁkomeswﬂl@ﬁ em%gdlnﬁnt

nposition co n q f'east one 1 on
rafi PP B TR B et hare i Hectreming suseaion o
the Giseinguishing nhracterdstico nf the Qomﬂbﬁgoﬁ Qtp@ll%tdfo? rd@féﬂ 8t Hot

0 [ S t

e ERADO% ARSI BN, Bl Sos B o0,
invehignmayberstatgd ppdespabad ais;coﬁmt{tng ofzeprinsfsatness for oompbeits,
in WAEHIEHTbS BmBRORAtuAS ofhed? Ban named and components other than
impurities are not present therein. In a further alternative embodiment, the apparatus
or process of this invention may be stated or described as consisting of certain
features, components or steps, in which embodiment features, components or steps
other than as named are not present therein.

Where the indefinite article “a” or “an” is used with respect to a statement or
description of the presence of a feature, component or step in a composition,
apparatus or 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 feature, component or step in the composition,
apparatus or process to one in number.

A refrigerant for use herein may be any one or more of all the members of the
total group of refrigerants disclosed herein. The refrigerant may also, however, be
any one or more of those members of a subgroup of the total group of refrigerants
disclosed herein, where the subgroup is formed by excluding any one or more other
members from the total group. As aresult, the refrigerant in such instance may not
only be any one or more of the refrigerants in any subgroup of any size that may be
selected from the total group of refrigerants in all the various different combinations
of individual members of the total group, but the members in any subgroup may thus
be used in the absence of one or more of the members of the total group that have
been excluded to form the subgroup. The subgroup formed by excluding various
members from the total group of refrigerants may, moreover, be an individual
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26. A conposition conprising HFC-1 52a and at | east
one ionic liquid that is conprised of a cation
waewonglizory to Claim 7, and an ani on accor di ng POT/TE2061004230

9, wherein the conposition conprises fromabout 0.1 to
about 99.9 nol e r.cent of

membef dheiotal grquaﬁaghe ?hab%ahlﬁéa%efa% i%u%eaea i abgnop pf 2l off

memﬁérs af HeqsElsBup Etepatipiticvied individoalabemberd5. 2 bar. 27,
he conposition of Claim22 wherein the ionic I|qU|d

|s [bom M [PF 6], and the conposition conprises fro
abAmd)mE) liquitlforireteradd M2y helagy pae eemoreet aliHes JrEg Offhe

fotal § SHou r‘rge rfacgrﬁé ﬁ%ﬁlﬂ@ gﬁclfogm&'gﬁuﬁ“hé %rﬁ@h@nﬂ@ bhha 7a55cphaive"v9er be

abou

a3 Coovep oSt P5bowt MONRFRCES SUREPLP AT 4o RLHoED f I iguids
d1sc1é§€§'ﬂ§e[u? Rillere %@ub@@uﬁ Wpaskd b Bxdndips kseend cromo@indiuar

t t
membgﬁrf@néfhgggta} gxﬁ»&g ;Ig &ﬁegﬁto ﬁ‘teenlfﬁl%thé{ul(g %337 %‘é@'ﬁc ay not
only BE @8§ bh€of here dhbeiont liquids iakoy suligotmef arpyizeTthat may be
selec[t%ﬂj? o It 2 nal %g%ué) q%l 155]118 i‘i wae Elf L tﬂe%bﬁ@&&f&éﬁ Ubrﬁbinﬁtlons

osition conprises from ab Oﬂl
ofmawiduabmhﬂ»ats ofzheltotﬂi |geomeb1¢¢éh@ rrwrnbmsen P8y, gURgeyp Zay thus

be uded R %ﬁb‘é?rf‘ce o Bg@ ot ﬁl@f@ HaRsineddetsofabototal EooupGhaithaze

beenpded 1 bAmaRe URRPRIHREPERHP (e g xcliig Gows

members from the total group of ionic liquids may, moreover, be an md1v1dua1
member of the total group such that that ionic liquid is used in the absence of all other
members of the total group except the selected individual member.
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[bm mM [ PF6], and the conposition conprises from about
0.1 to about 26.5 nole percent of HFC 143a over a
W@ 209p@sasur e range from about 10 to about 75 CP@EI/US2006/004230
pressure fromabout 0.1 to about 7.5 bar. 31. The
conposi tion of Caim26 wherein the ionic liquid is
[bm M [ PF6], and the conposition conprises from about

0.5 to about 79.7 nol e(AAIMINt of HFC-1 52a over a
tenperature range from about 10 to about 75 OC at a
pressure fromabout 0.1 to about 4.5 bar. 32. The
What?ﬁ@iﬁgﬁé&ﬂspn of Claim22 wherein the ionic liquid is
m nj [ BF4], and the conposition conprises from about
0.1 to about 76.5 nole percent of HFC-32 over a

tenmperaturg r - £r0 .0:.-ab. .
pressu ?Ie. f ocr%%%gﬁ]to{loal ﬁ?gtlé% kgéﬁltp h%ogbg%g o% gfl&_%h%hng’érants
absor‘[ﬁéklf}ﬁﬁ1 Saln} 108l ﬁiguiﬂ;lh aiheed? thd eefegeratits eare salecteri femdthie sgroup
oni h o )
conssim T bRt S RSB RS8S 4 SghaRaHk ons,
Laky! 8,0C0abeg,, 29, @2 R @88 YTerihise b
ﬂuor%f%‘?&% _cs)’ g\g’ouf’_ tfg)%bar 34 (ﬂﬁhggc(:)g?rposi fﬁi c?_nnof O% OI,IS
selecwtiefremntht heroup ebusistinguof Ci o Qosigiphtchagm Preggded or cyclic

alkan,%g gﬁgg%@@ﬂ;&&%@%ﬁg@&c @d%?%%licoallzer}eg. about 46.8

2. The composition of Claim 1 wherein the hydrofluorocarbons are
selected from the group consisting of: 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), and
fluoroethane (HFC-161).

3. The composition of Claim 1 wherein the hydrochlorofluorocarbon

is chlorodifluoromethane (HCFC-22).

4. The composition of Claim 1 wherein the chlorofluorocarbon is

dichlorodifluoromethane (CFC-12).

5. The composition of Claim 1 wherein the fluorocarbons are selected
from the group consisting of perfluoromethane (FC-14) and perfluoroethane (FC-
116).

6. The composition of Claim 1 wherein the non-fluorinated
hydrocarbons are selected from the group consisting of methane, ethane, ethylene,

propane, cyclopropane, propene, propylene, butane, butene, and isobutane.

7. The composition of Claim 1 wherein an jonic liquid comprises a

cation selected from the group consisting of:
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at a tenperature of about 25 C and a pressure from
about 0.1 to about 10 bar.35. The conposition of Claim
WQ20sM842¢t n the ionic liquid is [dnpin][tTFVSNRECTIUSPG/004230
and the conposition conprises fromabout 0.9 to about
66 nol e percent of HFC-32 at a tenperature of about 25
OC and a pressure fromabout 0.1 to about 10 bar. 36.
Thegconposition of Caim22 rein the ionic liquid
[ npi M [t TFMSIi m de], and tjhe copposition conprises
abouR,0. 8 t0 abour3z€4. I ggrcent of HFC-32 at
ature of about 25 PC and a pressure from about
O.1+o about | Cbar. 37. T e%o osition of Caim?22
he ionic |iquidA [ PF6J, and the
Rg comdbsiti B conprises FRom am 0.1 to 63 nole
perclent of HFC-32 at about 1 C and P/ Po from about
0. 1R% about 0.63. 38. The con:gositi on of Claim23
wherein the ionic liquid is [bmn] [PF6], and the
conposition conprises from about 0.1to about 65 nol e
Pyridifiueent of HFC- 125 at about Pyoday@id®d P/ Po from about
0.1 to about 0.88. 39. The conposition of Caim 24
vvhereln the ionic liquidis [bniimM[PF ], and the
%ltion conprises fromabRgt 0.1 to about 72 nol e
perc t of HFC 134a at about 10 OC and P/ Po from about

Ry 0- 1 10 Sgcﬂg 0. 84. Ro N 4
+* +
R4 N Rs

Ri N~ "Rs

Pyrimidinium Pyrazinium
Ra Rs R4 Rs
; + : + N—
R3/NYN\R1 R3 N/ R1
|
R Ro
Imidazolium Pyrazolium
R4 /R1 R4 /R1
N N
38 3N
Ry s~ R Rs o R
Thiazolium Oxazolium
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40. The conposition of Claim25 wherein the ionic
liquidis [bm m[PF6], and the conposition conprises

wo e@asfaeut 0.1 to about 25 nol e percent of HREZETWUSHOE004230
about 10 OC and P/ Po from about 0.1 to about 0.90. 41.
The conposigion of Claim26 wherein the ionic liquid
IS [bmrr][ ], and the conposition conprises from

to about 80 nol e percent of HFC- 152a at

e group consisting of HFC 32, HFC 125,
y HFC- 134a, HFC-143a, HFCl52a, HFC- 161,
, FC- 14, FC-1 16, CFC- 12, NH3, CO2, N2 @2, H2,
Ar, H2B4ret hane, ethane, propane, cycl opropane,
propyl ene, butane, isobutene. 43. The conposition of
Claim1 conprising wherein a refrigerant selected from
Tei u%éoup consi sting of HFC- 32, HFC 125, HFC 134,
HFC- 143a, HFC 152a, HFC 161, HCFC- 22,
FC- 14, FC-116, CFC-12. 44. The conposition of CI aim43
wherein an ionic liquid conprises a cation conpr si ng

whetein) das Roorfts, iads ABd B areTiedependsndy tselnstest fiomaithe ggaup

coistiftb @M 44 wherein an ionic liquid conprises an anion
conprising at |east one fluorine. 46. The conposition
(Mof A aim45 wherein an ionic liquid conprises an

@) F

@iii) CHj, C;Hs, or Cs to Cy; straight-chain, branched or cyclic alkane or alkene,
optionally substituted with CI', Br', F, I', OH, NH; or SH;

(iv) CHs;, CHs, or C; to Ci, 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 CI', Br', F", I', OH', NH, or SH;

W) Cs to Cy unsubstituted aryl or heteroaryl, wherein one to three heteroatoms
are independently selected from the group consisting of O, N, Si and S;

(vi)  Cg to Cy substituted aryl or heteroaryl, wherein one to three heteroatoms are
independently selected from the group consisting of O, N, Si and S; and one to three
substituents are independently selected from the group consisting of 1) CHjs, C;Hs, or
Cs to Cy, straight-chain, branched or cyclic alkane or alkene, optionally substituted
with CI, Br, ¥, I', OH", NHy or SH', 2) OH’, 3) NH> and 4) SH’; and

wherein, optionally, at least two of R;, Rz, R3, R4, Rs and Rg can together form a
cyclic or bicyclic alkanyl or alkenyl group.

8. The composition of Claim 7 wherein at least one of R, Rz, R3, Ry,

R;s and Rg comprises F-.

9. The composition of Claim 1 or Claim 7 wherein an ionic liquid

comprises an anion selected from the group comsisting of [CH3CO,], [HSOa4],
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anion selected fromthe group consisting of: [BF4] ,
[PF6] , [SbF6] , [CF3S@3] , [HCF2CF2SC3]-,

WO ae8eBeeF2S0O3] , [ HCCl FCF2SO3] , [ ( CF3SQ2) 2N] PCT/US2006/004230
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[ HCCl FCF2SCB] , [(CF3S0a)2N] , [(CF3S2)SC] and [CF
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conprises a | -butyl-3-nmethylimdazoliumcation, and an
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é| |m44 wherein an ionic liquid

12. The composition of Claim 1 or Claim 7 wherein an ionic liquid
comprises an anion selected from the group consisting of [BF4]", [PFs],, [SbFs],
[CE3S0s5], [HCF.CF2S03], [CFsHFCCE,SO03], [HCCIFCF,SOs], [(CF:SO,).NT,
[(CF3S0,)sCT, [CF;CO, 1, and F.

13. The composition of Claim 8 wherein an ionic liquid comprises an
anion selected from the group consisting of [BF4], [PFs], [SbFs], [CF3SOsT,
[HCF,CF>S05], [CFsHFCCF,SO;], [HCCIFCF,S05], [(CF3S02),NT, [(CF3S0,):CT,
[CF3CO,], and F.

14. The composition of Claim 7 wherein an ionic liquid comprises an
imidazolium cation and an anion selected from the group consisting of [BF,]", [PFs]’,
[SbFe], [HCF,CF2SOs], [CF3SO;], [CFsHFCCF,SO;], [HCCIFCF,SOs],
[(CF3S0,2):NT, [(CF3S0,);C] and [CF5CO,].

15. The composition of Claim 7 wherein an jonic liquid comprises a 1-
butyl-3-methylimidazolium cation and an anion selected from the group consisting of
[BFs], [PFe], [SbFe], [HCF,CF.SOs;], [CF3SOs;], [CF;HFCCF,S0s],
[HCCIFCF3803], [(CF3S0,)2NT, [(CF3S0,);C] and [CF3CO,]".
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conprises a cation selected fromthe group consisting
of 1,3-dioctylimdazolium and
WO 2@60§4268- met hyl i m dazolium and ([1] as the BCI/U82006/004230
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19. A composition of matter comprising at least one refrigerant
selected from the group consisting of 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),
dichlorodifluoromethane (CFC-12), perfluoromethane (FC-14) and perfluorocthane
(FC-116); in admixture with at least one ionic liquid that is comprised of a cation
according to Claim 7 and an anion according to Claim 9; wherein the composition is
comprised of about 0.05 to about 99.95 mole percent of a refrigerant over a
temperature range from the triple point temperature to the critical point temperature of

the refrigerant at a pressure from vacuum to the critical pressure of the refrigerant.

20. The composition of Claim 19 wherein an ionic liquid comprises at

least one of the cation or anion comprise at least one F".

21. The composition of Claim 19 wherein, in an ionic liquid, both the

cation and anion comprise at least one F'.
22. A composition comprising HFC-32 and at least one ionic liquid

that is comprised of a cation according to Claim 7, and an anion according to Claim 9,

wherein the composition comprises from about 0.1 to about 99.9 mole percent of
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that is comprised of a cation according to Claim 7, and an anion accordlng to Claim 9,

wherein the composition comprises from about 0.1 to about 99.9 mole percent of
HFC-134a over a temperature range from about ~103.3 to about 101 °C at a pressure

from about vacuum to about 40.6 bar.

25. A composition comprising HFC-143a and at least one ionic liquid
that is comprised of a cation according to Claim 7, and an anion according to Claim 9,
wherein the composition comprises from about 0.1 to about 99.9 mole percent of
HFC-143a over a temperature range from about —111.8 to about 72.7 °C at a pressure

from about vacuum to about 37.6 bar.

26. A composition comprising HFC-152a and at least one ionic liquid
that is comprised of a cation according to Claim 7, and an anion according to Claim 9,
wherein the composition comprises from about 0.1 to about 99.9 mole percent of
HFC-152a over a temperature range from about —118.6 to about 113.3 °C at a

pressure from about vacuum to about 45.2 bar.

27. The composition of Claim 22 wherein the ionic liquid is
[bmim][PFs], and the composition comprises from about 0.3 to about 81.2 mole
percent of HFC-32 over a temperature range from about 10 to about 75 °C at a

pressure from about 0.1 to about 10 bar.
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(b) heating the mxture to separate refrigerant, in
vapor form fromthe ionic liquid; (c) condensing the
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29. The composition of Claim 24 wherein the ionic liquid is
[bmim][PFs], and the composition comprises from about 0.1 to about 72.1 mole
percent of HFC-134a over a temperature range from about 10 to about 75 °C at a

pressure from about 0.1 to about 3.5 bar.

30. The composition of Claim 25 wherein the ionic liquid is
[bmim][PFs], and the composition comprises from about 0.1 to about 26.5 mole
percent of HFC-143a over a temperature range from about 10 to about 75 °C at a

pressure from about 0.1 to about 7.5 bar.

- 31.  The composition of Claim 26 wherein the ionic liquid is
[bmim][PFs], and the composition comprises from about 0.5 to about 79.7 mole
percent of HFC-152a over a temperature range from about 10 to about 75 °C at a

pressure from about 0.1 to about 4.5 bar.

32. The composition of Claim 22 wherein the ionic liquid is
[bmim][BF;], and the composition comprises from about 0.1 to about 76.5 mole
percent of HFC-32 over a temperature range from about 10 to about 75 °C at a

pressure from about 0.1 to about 10 bar.

33. The composition of Claim 22 wherein the ionic liquid is
[omim][I], and the composition comprises from about 0.4 to about 41.6 mole percent
of HFC-32 at a temperature of about 25 °C and a pressure from about 0.1 to about 10

bar.
34. The composition of Claim 22 wherein the ionic liquid is [doim][I],

and the composition comprises from about 0.7 to about 46.8 mole percent of HFC-32

at a temperature of about 25 °C and a pressure from about 0.1 to about 10 bar.
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35. The composition of Claim 22 wherein the ionic liquid is
[dmpim][tTFMSmethide], and the composition comprises from about 0.9 to about 66
mole percent of HFC-32 at a temperature of about 25 °C and a pressure from about

0.1 to about 10 bar.

36. The composition of Claim 22 wherein the ionic liquid 1s
[dmpim][tTFMSimide], and the composition comprises from about 0.8 to about 64.5
mole percent of HFC-32 at a temperature of about 25 °C and a pressure from about

0.1 to about 10 bar.

37. The composition of Claim 22 wherein the ionic liquid is
[bmim][PFs], and the composition comprises from about 0.1 to 63 mole percent of

HFC-32 at about 10 °C and P/P, from about 0.1 to about 0.63.

38. The composition of Claim 23 wherein the ionic liquid 1is
[bmim][PFs], and the composition comprises from about 0.1 to about 65 mole percent
of HFC-125 at about 10 °C and P/P, from about 0.1 to about 0.88.

39. The composition of Claim 24 wherein the ionic liquid 1is
[bmim][PFs], and the composition comprises from about 0.1 to about 72 mole percent
of HFC-134a at about 10 °C and P/P, from about 0.1 to about 0.84.

40. The composition of Claim 25 wherein the ionic liquid is
[bmim][PF], and the composition comprises from about 0.1 to about 25 mole percent
of HFC-143a at about 10 °C and P/P, from about 0.1 to about 0.90.

41. The composition of Claim 26 wherein the ionic liquid is
[bmim][PFe), and the composition comprises from about 0.1 to about 80 mole percent

of HFC-152a at about 10 °C and P/P, from about 0.1 to about 0.86.

42. The composition of Claim 1 wherein a refrigerant is selected from
the group consisting of HFC-32, HFC-125, HFC-134, HFC-134a, HFC-143a, HFC-
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152a, HFC-161, HCFC-22, FC-14, FC-116, CFC-12, NHs, CO,, Ny, Oz, Ha, Ar, H,0,

methane, ethane, propane, cyclopropane, propylene, butane, isobutene.

43. The composition of Claim 1 comprising wherein a refrigerant
selected from the group consisting of HFC-32, HFC-125, HFC-134, HFC-134a, HFC-
143a, HFC-152a, HFC-161, HCFC-22, FC-14, FC-116, CFC-12.

44. The composition of Claim 43 wherein an ionic liquid comprises a

cation comprising at least one fluorine.

45. The composition of Claim 43 or Claim 44 wherein an ionic liquid

comprises an anion comprising at least one fluorine.

46. The composition of Claim 45 wherein an ionic liquid comprises an
amion selected from the group consisting of: [BF.], [PFs]’, [SbFe],, [CF380s],
[HCF,CF,S0s], [CFsHFCCF2S0s], [HCCIFCF,SO5], [(CF3802)N], [(CF3SO.):CT -
and [CF5COs]".

47. The composition of Claim 45 wherein an ionic liquid comprises an
imidazolium cation, and an anion selected from the group consisting of ([BF4], [PFs],
[SbFe], [HCF,CF:SOs], [CF3SOs], [CFsHFCCF,SO;],  [HCCIFCF2S0s],
[(CF380,),N], [(CF380,)sC] and [CF;CO2]).

48. The composition of Claim 45 wherein an ionic liquid comprises a
1-butyl-3-methylimidazolium cation, and an anion selected from the group consisting
of ([BFs, [PFe], [SbFe], [CF3S0s], [HCF.CF,S0s], [CF;HFCCF.SOs],
[HCCIFCF,S0s]’, [(CF380,):NT, [(CF3502)sC] and [CF3COz]).

49. The composition of Claim 45 wherein an ionic liquid comprises a
1-butyl-3-methylimidazolium cation, and an anion selected from the group consisting
of [BF41, and [PF¢]".
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50. The composition of Claim 45 wherein an jonic liquid comprises a
1-propyl-2,3-dimethylimidazolium cation, and an anion selected from the group

consisting of [(CF3SO,),N] and [(CF3S0,):CT-

51. The composition of Claim 43 or Claim 44 wherein an ionic liquid
comprises a cation selected from the group consisting of 1,3-dioctylimidazolium and

1-octyl-3-methylimidazolium; and ([I] as the anion.

52. The composition of Claim 1 wherein the refrigerant comprises a

hydrofluorocarbon, and an ionic liquid comprises a fluorinated cation or anion.

53. The composition of Claim 1 wherein the refrigerant comprises

HFC-32 and/or HFC-134.

54. A temperature adjustment device that executes an absorption
refrigeration cycle and that comprises a refrigerant according to Claim 1 and an ionic

liquid absorber.

55. The temperature adjustment device of Claim 54 that is deployed as
a refrigerator, air conditioner, ice machine, industrial cooling system, heater or heat

pump.

56. A process for cooling an object or a space comprising

(a) absorbing, with an ionic liquid, the vapor of a refrigerant selected
from the group consisting of a hydrofluorocarbon, a hydrochlorofluorocarbon, a
chlorofluorocarbon, a fluorocarbon, N», Oz, COa, NH;, Ar, H;, H,O, and a non-
fluorinated hydrocarbon to form a mixture of both constituents, wherein the non-
fluorinated hydrocarbon is selected from the group consisting of C; to C4 straight-
chain, branched or cyclic alkanes and C; to C, straight-chain, branched or cyclic
alkenes;

(b) heating the mixture to separate refrigerant, in vapor form, from the
ionic liquid;

(c) condensing the refrigerant vapor under pressure to a liquid;
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(d) reducing the pressure of the liquid refrigerant, and evaporating the
refrigerant, to form refrigerant vapor in proximity to the object or space to be cooled;
and

(e) re-absorbing the refrigerant vapor with an ionic liquid.

57. A process for heating an object or a space comprising

(a) absorbing, with an ionic liquid, the vapor of a refrigerant selected
from the group consisting of a hydrofluorocarbon, a hydrochlorofluorocarbon, a
chlorofluorocarbon, a fluorocarbon, Nz, Oz, COz, NHs, Ar, H,, H;O, and a non-
fluorinated hydrocarbon to form a mixture of both constituents, wherein the non-
fluorinated hydrocarbon is selected from the group consisting of C; to C4 straight-
chain, branched or cyclic alkanes and C; to C4 straight-chain, branched or cyclic
alkenes;

(b) heating the mixture to separate refrigerant, in vapor form, from the
ionic liquid;

(c) condensing the refrigerant vapor under pressure to a liquid in
proximity to the object or space to be heated;

(d) reducing the pressure of the liquid refrigerant, and evaporating the
refrigerant, to form refrigerant vapor; and

(e) re-absorbing the refrigerant vapor with an ionic liquid.

58. The process of Claim 56 or 57 wherein the ionic liquid separated

from refrigerant in step (b) is recirculated for use in step (e).
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