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TITLE OF INVENTION
IONIC LIQUID STABILIZER COMPOSITIONS

BACKGROUND OF THE INVENTION
1. Fiakd of the Invention.

The present invention relates to compositions comprising at
least ane ionic liguid and iodotrifluoromethane {CF31), The use of an onic
iquid in the compositions stahilizes the compositions. The stabilized
compaositions may be useful in cooling systems as replacements for
existing working fluids with higher glohal warming potential.

2. Description of Related At

New environmental regudations on working fluids have forced
the refrigeration and air-conditioning industry to look for new working fluids
with low global warming potential (GWP). There are numerous other
applications for fluorocarbon working fluids, such as in the area of fire
suppression, in preparation of foams as expansion agents, and as aerosol
propeliants, to mention a few.

Replacement working fluids are being sought that have low
GWE, no fowcity, non-flammability, reasonable cost and excellent
performance.

CFsl has been proposad as a working fluid alone or in mixtures,
Howeaver, i has been observed that CF3l can exhibit degradation by itself
{e. g.. high temperature} andfor produce useful products or unwanted by-
products when contacted with other compounds (8.9, moisture, oxygen,
and condensation reactions with other compounds) that may be present in
a particular use and/or application. Such degradation may occur whan
CFsl is utilized as a refrigerant or heat transfer fluid. This degradation may
oecur by any number of different mechanisms. In one instance, the
degradation may be caused by instability of the CFl at extreme
temperatures. In other instances, the degradation may be caused by
oxidation in the presence of air that has inadvertently leaked info the
system. Whatever the cause of such degradation, because of the
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instability of the CF3l, it may not be practical o incorporate it into
refrigeration or air-conditioning systems.

Therefore, there exists a8 need o stabilize proposed jow GWP
replacements such as CF:l

SUMMARY QF THE INVENTION
To avoid possible instability of CF 3l at the extrames of system

operation {especially at high temperatures), it has beean found that adding
specific compounds, namely fonic liquids, to compositions comprising CFl
will increase the stability thereof and allow use in refrigeration or air-
conditioning system applications, among other applications.

Tharefore, i accordance with the presentinvention, a
composition is provided comprising af least one fonic liquid and CFsl
Such compositions may be useful as low GWP working fluds.

Also provided is a method for reducing degradation of a
compaosition comprising CF3l, wherain said degradation is caused by the
presence of inadvertent air in a refrigeration, air-conditioning or heat pump
systermn, said method comprising adding an effective amount of at least
one joni¢ fiquid to the composition comprising CFsh

Also provided is a method for reducing reaction with oxygen for
a compaosition comprising CF3l; said method comprising adding an
effective amourt of stabilizer comprising st least one jonic liquid to the
composition comprising CF:l.

DETAILED DESCRIPTION OF THE INVENTION
The pressnt invention provides & composition comprising at

least one ionic liquid and CF;l

These compositions have a variety of ulilities in working flurds,
which include, for example, blowing agents, solvents, aerosol propefiants,
fire extinguishants, steritants or heat transfer mediums (such as heat
fransfer fluids and refrigerants for use in refrigeration systems,
refrigerators, air conditioning systems, heat pumps, chillers, and the like).
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A blowing agent is a volatile composition that expands a
potymer matrix to form a cellidar structure,

A solvent is & fluid that removes g soil from a substrate, or
deposits a material onto a subshkate, or caries a8 material.

An aerosol propeliant is a volatile composition of one or more
companents that exerls a pressure greater than one atmosphere o expel
a material from a container,

A fire entinguishant is a volatile composition that extinguishes
or suppresses a flams.

A sterttant is a volatile biocidal fuid or blend containing a
volatile biocidal fluid that destroys a biclogically active maternial or the like,

A heat transfer mediun (alst referred {o herein as g heat
transfer fluid, g heat transfer composition or a heat transfer fuid
composition} is a working fiuid used to carry heat from a heat sourcs fo a
heat sink.

A refrigerant is a compound or mixture of compounds that
function g3 a heat transfer fluid in g cycle wherein the fluid undergoes a
phase change from a liquid 10 a gas and back.

In one embodiment, the prasent compositions comprise at least
one ome liquid and CF3 {indatrifluoromethane). CFil is commercially
available or may be made by known processeas.

lonic liguids are arganic compounds that are liquid at room
femperature (approximately 25°C). They differ from most salts in that they
have very fow meiling points, they fend {0 be liquid over a wide
femperature range, and have been shown to have high heat capacities,
fonic quids have essentially no vapor pressure, and they can either be
newtral, acidic or basic. The properties of an tonic liquid can be tailored by
varying the cation and anion. A cation or anion of an ionic liquid useful for
the present 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.
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Many tonic liquids are formed by reacting a nitrogen-containing
heterocyclic ring, preferably a heteroaromatic ring, with an alkylating agent
{for example, an alkyl halide} {o form a quatemary nifrogen-containing salt,
and performing ion exchange of other suilable reactions with vanous
Lewis acids or their conjugate bases {o form the fonic liquid.  Examples of
suifable heteroaromatic rings include substituted pyridines, imidazole,
substituted imidazole, pyrrole and substituled pyrroles. These nings can
be atkylated with virtually any straight, branched or cyalic Cugo atkyl group,
but preferably, the atkyl groups are Gy groups, since groups larger than
this may produce low melting solids rather than ionic liquids. Vanous
tniaryiphosphines, thiosthers and cyclic and non-cydlic quatemnary
ammonium salls may also been used for this purpose. Counterians that
may be used include chioroatuminate, bromoaluminate, gallium chioride,
tetrafiuoroborate, fetrachioraborate, hexafluorophosphate, nitrats,
triffucromethane sulfonate, meathyisulfonate, ploluenesuifonate,
hexafiuorcantimonate, hexafluorcarsenats, tetrachiorogluminate,
tetrabromosaiuminate, perchlorate, hydroxide anion, copper dichloride
anion, on inchionde anion, zing trichionide anion, as well as various
lanthanum, potassium, lithium, nickel, cobalf, manganese, and other
metal-containing anions.

lonic iquids may also be synihesized by sall metathesis, by an
acith-base neutralization reaction or by quaternizing a selected nitrogen-
containing compound; or they may be obtained commercially from several
companies such as Merck {Darmstadt, Germany) or BASF {(Mount Olive,
N},

Representative examples of ionie liquids useful herain are
included among those that are described in sources such as J. Chem.
Tech Biotechnol, 88351-356 (1997}, Chem. fnd., 68:248-263 (1896), [
Fhys. Condensed Matler, 5 {supp 3481 B08-B106 (1893}, Chemical and
Engineering News, Mar. 30, 1898, 32-37; J Maler. Chem. B:2627-2636
{1988} Chem. Rev., 89:2071-2084 {1998}, and WQ 05/113,702 {and
references therain cited). In one embodiment, a library, ie. a

e
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combinatoriat library, of fonic liquids may be prepared, for example, by
praeparing various alkyl derivatives of a guatemary nifrogen-containing
cation, and varying the associated anions. The acidity of the {onic liguids
can be adjusted by varying the molar equivalents and type and

&  combinations of Lawis acids.
In one smbodiment, ionic iquids suitable for use herein include
those having cations selected from the following formulae:;
T? Ri‘s
& z 3 5
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wherein RY, R°, R R*, R¥and R® are independently selected from the
group consisting of!
10 {H H,

(i} halogen;

(i} -CHg, -ColHs, or s 1o Cys straight-chain, branched or eyclic atkane
or alkene, optionally substituted with at least one member selectad
from the group consisting of Cf, Br, F, I, OH, NH; and SH;

15 {ivi-CHs, ~Cils, or Gz to Ty straight-chain, branched or cyclic alkane
or alkene comprising one to three heteroatoms selecled from the
group consisting of O, N, Stand 8, and optionally substituted with
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at least one member seiected from the group consisting of C, Br,
F. L OH NHy and SH;

{V) Ca 1o Coo unsubstitited aryl, or Gy to Cos unsubstituted heteroany
having oneg o three heleroatoms independently selecied from the
group consisting of O, N, Bland S; and

{vi)Ce 1o Tz substituted arvl, or Cs to Ty substitited heteroaryt having
one o thres hetercatoms independently selected from the group
consisting of O, N, 8 and S; and wherein said substifuted and or
substitited hetercaryt has one (o three substituents independeantly
selected from the group consisting of:

{1} ~CHa, ~CaHs, or Gs to Cys straight-chain, branched or cyclic
alkane or alkene, optionally substituted with at least one
member selected from the group cansisting of Ci, Br, F 1, OH,
NH; and SH,

{2Y OH,
{3} NH;, and

(4} BH;

group consisting of.

{vi) ~CHa, ~GaHs, or Gs to Cas straight-chain, branched or cycho
atkane or alkensg, optionally substifuted with at least one member
selected from the group consisting of CI, Br F, 1, OH, NMz and SH;

{viit} -CHa, -CaHs, or Gy o Gys straight-chain, branched or cyclic
alkane or alkene comprising one o three hatercatoms selected
from the group consisting of O, N, §i and 8, and optionally
subsiituted with af least one member selected from the group
consisting of GL, Br, F, {, OH, NM; and SH;

{ix} Cs to Cos unsubstituted and, or Ca to Cps unsubstituted
heteroaryl having one o three hetaroatoms independently selectad

from the group consisting of O, N, Siand §; and

- T
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{x} (s to Cys substituted anyl, or Gy to Gy substituted heteroaryl
having one o three heterogtoms independently selected from the
group consisting of O, N, St and §; and wherein said substitued
aryl or subsiituled heleroary! has one {o three substituents
independently selected from the group consisting of:

{1y ~CHg, -UiHs, or 3 1o Oy straight-chain, branched or cyclic
alkane or alkene, optionally substituled with at least one
member selected from the group consisting of Ci, Br, F, 1, OH,
NH: and SH,

(2) OH,
{3} NHy, and
{4} SH,
and whersin, optionally, at least two of R', R°, R* R, R®, R®* R’ R* R®

and R™ together form a cyclic or bicyclic alkany! or alkenyl group.

In another embodiment, ionic liquids useful Tor the invention
comprise fludrinated cations wherein af least one member selected from
RY, R, RY R RS, RE R R RYand R™ comprises F.

in another embodiment, jonic liquids useful for the invention
comprise imidazolium, such as 1-ethyl-3-methylimidazolium and 1-butyl-3-
meathyvlimidazohum.

In one embodiment, ionic iquids usefud herein have anons
selected from the group consisting of [CHCO.T, [HSO.T, ICH:080:],
[CzH:080s], [AICLT, [CO, [HOOT, [NOST, INOAT, [SQF, POLY.
[HPOLZ, [H-PCLT, IHSO.T, [CuClhl, OF, Br, £, S8CN and preferably any
fluorinated anion.  Fluorinated anions useful herein include [BFJ, [PFRs
[SbFel, [CFs80:], [HOFCF:S0:Y, [CRHFCCR8Q,], (HCCIFCF S0,
{CF:802NY, [(CF:CF280:1:NT |, HOFSS0: 0T, [CFsCQsT,

[CE:OCFHCF S0, [CFCF0CFHCF:SGYY, [CFCFHOUFLF80:]
[CFHCFOCFCF:SQ;T, [CRAUCFOCFCRSO), [CFCF0CF LFSOsT,
[{OFHCF:S0::NY, {OFOFHCF:S0:NT, and F.

B
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Ianothey ernbodiment, ionic liquids suitalde for use hersin
pyridazimium, pyrimidiniLem, pyrazinium, imidazolum, pyrazolium,
thiazolium, oxazolium, triazolium, phosphonium, and ammonium as
defined above; and an anion selected from the group consisting of
[CH3COLT, [HBOT, [CHaOS04], [C-H:0S80:], [AICK], [CO:)™, [HCOMT.
INCLT, INOGT, [SOLFT, [POST, [HPOW, HPOLT, IHSO4T, [CuCh], CF, By,
I, SCN', and any fluorinated anion. In vet ancther embodiment, jonic
liquids sultable for use herein may have a cation selected from the group
consisting of pyridinium, pyridazinium, pyrimidinium, pyrazinium,
imidazolium, pyrazclium, thiszolium, oxazolium, trigzolium, phosphonium,
and ammonium as defined above;  and an anion selected from the group
consisting of [BFT, [PF], [BbF], [CF80,], [HCOFCF:80T,
[CFHFCOFS0:), (HOGIFCFS0,], [{OF8020:NT, {CF0F80:)NT,
[{CFsBORCY, [OF:00,T, [CROCFHCF 80T, [CFCF0CFHUR,80:T,
[CFR;CFHOCFCF,S0:T, [CRHCFQCFCF50,), [CFACFOCFCR80:)
NCFCFQCFCR 80, [(CRHCF S0 eNL, {OFOFHCFS0::NT, and
£

In still another embodiment, ionic liquids suitable for use herein
may have a cation selected from the group consisting of pyridinium,
pyridazinium, pyamidinium, pyrazinium, inmdazoelium, pyrazolium,
thigzolium, oxazolium, triazolium, phosphonium, and ammaonium as
defined above, wherein at lsast one member selected from R', RY, R® R,
R RERY R® RY and R comprises F; and an anion selected from the
group cansisting of [CHCOLT, (MBSO, [CHAOBQ], [C:H080., [AICLY,
[COJT, HCOJ, [NO:T, [NOsJ', [SO%, [POSJ™, [HPOJ™. [HePOT, (HSO4,
[CuCLT, CF, Br, I, S8CN, and any fluorinated anion. In still another
ambodiment, ionic liquids suitable for use herein may have a calion
selected from the group consisting of pyridinium, pyridazinium,
pyrimidinium, pyrazinium, imidazolium, pyrazolium, thigzolium, oxazotium,
friazolium, phosphonium, and ammontum as defined above, wherein at
least one member selected from RY, R, RE, RY RO RP R, RY R® and RY

-G
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comnprises F; and an anion selected from the group consisting of [BF.],
[PFa]. [ShFe], [CFa8Qs], [HOFCFL80 [CFRHFCTFSG,T,
[HCCIFCF,80:], {CF80:LNT, {OFCRB0:LNT, {CFR80::CY.
[CECO.T, [CF0CFHTR80:], [CRCF0CFHCF S04,

[CF.CFHOCF ,CF 8047, [GFHOF0CFCF804], [CFICF OCFCF:804T
ACFCFOCFCRSQ:), [{CFHCFS0:NT, HCFCRHCFS0)LNT, and
F

in gne smbaodiment; the ionic lguid comprises imidazolium as
the cation and [BF ] or [PFs] as the anion. In ancther embodiment, the
o iguid comprises T-ethvl-3-methylimidazolium (also referred o herein
as Emim) or 1-butyk-3-methvlimidazalium {also referred fo herein as Brmimyj
as the cation, and [BF] or [PFs] as the anion. In a particular
embodimeant, the ionic liquid is 1-sthyl-3-methylimidazolium
tetrafiuoroborate (EmimBFL). In this embodiment, the composition of the
presentinvention comprises CF3l, preferably in combination with a
patvalkylene glyeol lubricant, such as PAG 488, sold under the trademark
Ucon®™ PAG 488 The composition may also include tacopherol, which is a
phenol which is used as a stabilizer as described below,

In some embodiments, the composition of the present invention
may further comprise at least one additional compound selected from the
group consisting of phenals, thicphosphates, bulylated
triphenyiphosphorothionates, argano phosphates, phosphites, aryl alkyl
ethers, terpenss, terpenoids, fullerenas, polyoxyalkylated aromatics,
alkylaied aromatics, epoxides, flucnnated epoxides, oxatanes, laciones,
amineas, alkyisianes, benzophenone dernvatives, thicls, thioethers, anyl
sulfides, divinyl terephalate, diphenyl terephalate, ascorbic aeid,
nifromethane, and mixtures thereof, meaning mixtures of any of the
compounds listed in this paragraph, and in addition, mixtures of any
cormpound or combination of compounds listed in this paragraph with any
of the jonic ligiids or combination of ionic liquids as described above.

In another embodiment, the present compositions may further
comprise at least one thiophosphate. Thiophosphates are compounds

~ 40 -
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derived from phosphoric acids by substituting divalent sulfur forone or
more oxygen atoms. Thiophosphates may be monothiophosphates,
dithiophosphates or highsr order thiophosphates. A representative
dithiophosphate is commercially available from Giha Specialty Chemicals
of Basel, Switzardand {hereinafter “Ciba"™} under the trademark 3rga§ufb§§'
83. In another embodiment, thiophosphates include dialkylthiophosphate
asters. A representalive dialkylthiophosphate ester stabilizer is
commercially avaitable from Ciba under the trademark frgalube™ 353,

In another embaodiment, the present compaositions may further
comprise gt least one butviated triphenylphosphorothionate as depicted by
Formula A

S

Formula A

An example of a bubviated triphenyiphosphorothionate, whersin each R is
independently setectad from H or tert-butyl, is commercially available from
Ciba under the trademark irga§ube‘§’ 232,

i another embodiment, the present compositions may further
comprise at least one organcphosphate, Organophosphates suitable for
use in the present compasitions include it are not imited to amine
phosphales, tnalkyl phosphates, triaryt phosphates, mixed alkyl-aryl
phosphates {atkyldiaryl, dialkylaryt or atkylated arl), slkylated triany
phosphates, and cyclic phosphates, and mixtures thereof. A
represantative amine phosgphate is commercially available from Ciba
under the trademark Irgalube® 349, Representative triglky! phosphates
nclude: trimethy! phosphate {CH3)P 0., Cas req. no. 512-56-1); triethyd
phosphate ({CHiCH: P04, Cas reg. no. 78-40-8); tribulyl phosphate
{{CaHx)POy CAS reg. no. 128-73-B); trioctyl phosphate {{CeH1 PO, CAS

“ 11 .
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reg. no. 1806-54-8); and ti{Z-ethyihexyliphosphate
{{CH;CH{CHsHCH2) )P0 CAS reg. no. 78-42-2). Representative triary
phosphates include: triphenyt phosphate {{(CaHsQ1PO, CAS reg. no. 115-
86-8}; ficresyl phosphate (TP, {CHaCsHORPO, CAS reg. no. 1330-78-
5%, and trivylenyl phosphate ({{CH3RCsHORPO, CAS reg. no. 25155-23-
1), Representative mixed alkyl-aryl phosphates include: isopropylphenyt
phenyl phosphate (IPPP, (CeHsOR{{CH::CHOPO, CAS reg. no, 68782~
95-6} and bis(t-butylphenyl} pheny! phosphate {TBPP,
{CattsOR{{CHCPO, CAS reg. no. B5652-41-7). All of the
organophosphates listed in this paragraph are available from mulliple
chemical supplers such as Aldrich {(Milwaukee, Wisconsin), Alfg Aesar
{(Ward Hill, MA}); or Akzo Nobel (Arnhem, the Netherlands). The alkylated
triaryl phosphates include butylated triphenyl phosphates, fert-butylated
triphemy phosphate, iso-propylated tripheny!l phosphates. Representative
commercially available alkylated triaryl phosphates include a butylated
friphenyl phosphate, commercially available from Akzo Nobetl (Amhem,
the Netherlands) under the trademark Syn-Q-Ad™ 8784; a tert-butyiated
riphanyl phosphate commercially available from Great Lakes Chamical
Corporation {(GLCC, West Lafayette, IN} under the trademark Durad® 8520:
and iso-propylated triphenyl phosphates, also commercially avatlable from
GLCC under the frademarks Durad® 220 and 110.

in another embadiment, the prasent compaositions may further
comprise at least one phosphite. Phosphites may comprise substituted
phosphites. In particular, hindered phosphites arg derivatives of atkyl, anyl
or alkylaryl phosphite compounds. The hindered phosphites include fris-
(di-fert-butylphenyl) phosphite, di-n-octyl phosphite, and iso-decyl diphenyl
phosphife. Tris-{di-teri-butyiphenyl} phosphite is sold under the frademark
irgafos™ 168, di-n-octy} phosphite is sald under the trademark lrgafos®
OPH, and isp-decyl dipheny! phosphite) is sold under the trademark
irgafos® DDPP, all by Ciba.

In another embodiment, the present compositions may further
comprise at least one phenol. Phenols may comprise any substituded or

L1
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unsubstittted phenol compound including phenols comprising one or more
substituted or tnsubstituted cyclic, straight chain, or branched aliphatic
substituent group, such as, alkylated monophenols including 2,8-di-tert
butvi-4-methyiphenol; 2 §-di-tert-butyli-d-aethyipheng!; 2 4-dimethyl-6~
tertbutyiphanol, tocopherol; and the like, hydroquinone and atkyiated
hydroguinones including tbutyl hydroquinone, other dervatives of
hydroguinone; and the like, hydroxylated thiodipheny ethers, including
4,4 -thip-bis{2-methyi-6-tert-butylphendl); 4,4’-thiobis{3-methyl-6-
tertbutyiphenaly, 2,2 -thiobis(dmethyl-6-tert-butylphenal); and the like,
alkylidene-bisphenols including: 4.4 -methylenebis(2 S-di-ter{-butyiphenol);
4 Apis{2 6-diertbutylphenol); dervatives of 2,2 or 4 4-biphenoidiols;
2,2-methylenebis{d-ethyl-8-tertbutyiphenol); 2.2 -methyienebis{d-methyl-
S-tertbutylphenol); 4,4-butylidenebis{3-methyl-8-tert-butyiphenol) 4,4~
isopropylidensbis(2 6-di<tert-butyiphenol); 2,2 -methylenebis{4-methyl-6-
nanylphenaol); 2,2 -isobutylidenebis{4, 6-dimethyiphenol; 2.2
mathylenabis{d-methyl-G-cyciochexyliphenol, 2.2- ar 4 4- biphenyidiols
foluane (BHT), bisphenols comprising heteroatoms including 2, 8-di-tert-
alpha-dimethylamino-p-cresal, 4 4-thiobis{G-tert-butyl-m-cresol}; and the
fike; acylaminophenols; 2. 6-di-tert-butyl-d(N,N'-
dimethylaminomethyiphenol), sutfides including; bis(3-methyl-d4-hydroxy-5-
tert-butylbenzylisullide; bis(3,5-di-tert-butyl-4-hydroxybenzyiisulfide; and
mixtures thereol, meaning mixtures of any of the phenol stabilizers listed
i this paragraph. In one particular embodiment, the composition of the
present invention comprises CFsl and a lubricant, preferably a
polyatkylene glycol lubricant, such as PAG 488, sold under the trademark
Ucon®™ PAG 488, This composition may be used alone, or in combination
with an ionic liguid, such as 1-ethyi-3-methvlimidazolium tetrafluorcborate
{EmimBFa)

In another embodiment, the present compositions may further
comprise gt least one terpens. Terpanes may compnse hydrocarbon
compounds charactenzed by structures containing more than one
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repeating isoprene (2-methyl, 3-butadiens) unit, Representative
terpenes include but are not limited to myrcene (2-methyl-6-methyl-
enaocia-1, 7-digng), allo-ogimene, beta-ccimens, tergbang, imonens {in
parkicular d-limonene), retinal, pinene, menthol, geraniol, farmesol, phytol,
Vitamin A, terpinene, delta-3-carene, ferpinolene, phellandrene, fenchene,
dipentene, and mixiures thereof, meaning mixtures of any of the terpens
stabilizers isted in this paragraph. Terpene sishilizers are commercially
available or may De prepared by methods known in the art or isolated from
natural sources.

in another embodiment, the present compositions may further
comprise gt least one terpenoid. Terpencids may comprise natural
opcurring substances and related compounds characterized by structures
confaining more than one repesting isoprene unit and usually confaining
oxygen, Represeniative terpencids include carotenaids, such as lyocopeans
{CAS reg. no. [D02-85-8]), beta carotene (CAS reg. no. [723540-71), and
xanthophylls, Le. zeaxanthin (CAS reg. no. [144-68-3]); retinoids, such as
hepaxanthin {CAS reg. no. [512-35-0}}, and isofretinoin (CAS reg. no.
[4750-48-21); abietane {CAS reg. no. [840-43-7]); ambrosane (CAS reg.
no. [24749-18-8]); aristolane {CAS reg. no. [20788-48-8]): atisane (CAS
reg. no. [24379-83.7), beyerane (CAS reg. no. [2358-83-3}), bisabolane
{CAS reg. no. [29798-19-71); bomane {CAS reg. no. [464-15-3});
caryophyllane {CAS reg. no. [20479-00-8]); cedrane (CAS reg. no. [135867-
54-81);, dammarane (CAS reg. no. [548-22-2]); drimane {CAS reg. no.
[5051-58-6]); eremophilane {CAS reg. no. [3242-058-8]); sudesmane (CAS
reg. no, {473-11-0}); fenchane {CAS reg. no. [6248-88-01); gammacerane
{CAS reg. no. [550-65-91), germacrane (CAS reg. no. [545-10-3]); gibbane
{CAS reg. no. [6902-95-01); grayanotoxane {CAS reg. no. {39807-73-8]),
guaiane {CAS reg. no. [488-80-5]}); himachalane (CAS reg. no. [20479-45-
21); hopane {CAS reg. no. {471-82-5]); humulane {CAS reg. na. {430-18-
311 Raurane (CAS req. no. [1573-40-8}]);, labdane (CAS reg. no. [561-80-
011, lanostane {(CAS reg. no. [474-20-4]); lupane (CAS reg. no. [464-98-311;
p-menthane {CAS reg. no. [98-82-1}); oleanane (CAS reg. no. 471-67-0]);
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ophiocbolane (CAS reg. no. [20098-65-1}); picrasane (CAS reg. no. [35732-
Q7-81), pimarane (CAS reg. no. {30257-03-8}); pinane (CAS reg. no., [473-
55-21); podocarpane {CAS reg. no. [471-78-3]); protostane {CAS reg. no.
[70050-78-11); rosane (CAS reg. no. [8812-82-4]}); taxane (CAS reg. no.
{1605-68-1}); thujane (CAS reg. no. 47 1-12-8}); trichothecane {CAS reg.
no. [24706-08-9}), ursane {CAS reg. no. [464-93-71), and mixtures thereof,
meaning mixturaes of any of the terpenovids histed i this paragraphs. The
terpenvids of the present invention are commercially available or may be
prepared by methods known in the art or may be isolated from the
naturaily occurring source.,

In ancther embodiment, the present compositions may further
comprise at least one fullerene. Fullerenes comprise closed carbon cages
that are bonded as hexagonal carbon rings (benzene) linked to sach other
parily via pentagons. The relationship between the number of apices (g,
carbon atoms} and hexagon carbon nings (n) {pentagon rings always
number 12} is given by a = 2(n+10). While this formula provides for all
theoretical structures, only those molacules with refatively low stress and
distortion will be stable. Representative fullerenes include but are not
imited o Buckminsterfullerene (C80, or “bucky ball”, CAS reg. no. [89685-
96-81), and [5.6lfullerene-Cry { T70, CAS reg. no, [115383-22-71),
fullerene-Crs {CAS reg. no. [135113-15-4}), fullerene-Cre {CAS ey, no.
{138316-32-01), and fullerene-Cgas {CAS reg. no. [135113-16-8]}, and
mixtures thereol, meaning mixtures of any of the fullerenes listed in this
paragraph.

In another embodiment, the present compositions may further
comprise at least one aryl atkyt ether. Aryl atkyl ethers may be depicted

by Formula B, whereinnis 1, 2 or 3 and RYisan alkylgroup of 110 16
carbon atoms,

A
] e {OR
-

-
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Formula B

Reprasentative aryl alkyl ethers include but are not limited to anisole, 1.4~
dimethoxybenzene, 1 4-disthoxybenzene and 1,3, 5-tnimethoxybenzene,
and mixtures thereof, meaning mixtures of any of the any alkyl ethers
listed in the paragraph.

In another embodiment, the present compositions may further
comprise at least one functionalized perfiucropolvether. Funclionalized
perffuoropolyethers may comprise perflucropolyether- or perflucroatkyl-
containing and phosphorus-contaming partially esterified anyl phosphates,
aryl phosphonates and salts thereof, containing either (1) 8 monc- or paly-
altkylene oxide linking group between the phosphorus and a flucrocarbon
group, or (i) no linking group between the phosphorus and fluorocarbon
group as described in U. 8. Patent No. 8,184 187, and references thersin.
In another embodiment, the funclionalized perfiuoropolvethers may be
compounds as representad by Formula A above, which contain either
perfluoroatkyt or perfilicropoiyether side chain. In another embodiment,
the functionalized perfluoropalvether stabilizers may be perflucropolyether
atkyl alcohols comprising & perfluoropolyether segment and one or more
alcohols segments having a general formula, -CH{CyH)OH, whersin-
CqHay represents a divalent insar or branched alkyl radical where g is an
integer from 1 {o about 10 as described in U, 5. Patent Application No.
11/156,348, filed June 17, 2005,

in yet another embodiment, the funclionalized
perflucropalyethers of the prasent invention may comprise substituted aryl

prifctogen compositions having the structure {Rf?w«
CRuwIMEOINCIR (ay+1))a-m), wherein
Rf" is a fluoropolysther chain having a formula weight ranging from abowt

400 to abowt 15,000, comprises repeat units, and is selected from the
group consisting of:
{a) J-O~{CF{CF3)CF 20} {CFXO)4CFE-

- 16 -



10

20

25

WO 2009/042855 PCT/US2008/077837

{0y JL-O-(CFoCFa0)elCFoOKCFZT - ;

(€) J2-O-(CF(CF3)CF20)CF(CF3)CFo- |

{d} J5-O-{CQ2-CF90F 20 CQp-CFo- ;

{e) J3@~{GF{GF3}CF@O}Q(CFECFEG}h{CFXO)@»CFZ~;

{fy JHOLCFoCF0)CF - and

{h} combinations of two or more thereof, wherein;

J is a fluoreatkyl group selected from the group consisting of GFg,
CoFg, CaFy, CFaCi CoF4Cl CaFgCl, and combinations of two or more
thereof;

¢ and d are numbers such that the ratio of ¢d rangses from about
0.01 to about 0.5;

Xis F, GFg, or combinations thereaf,

£is F, Clor CFyg;

J1is a fluoroatky! group selected from the group consisting of CF 3.
CoFg, CaFy, CFCL CoF4Cl and combinations of two ar more thereof;

& and { are numbers such that the ratio of e:f ranges from about 0.3
to about 5;

ZVisFor Ch

42 s CoFsg, CaFy, or combinations thereof,

{18 an average number such that the formula weight of Ry ranges
from about 400 to about 15,000

33 is selected from the group consisting of CF3. CoFs, CaF7, and
combinations of two or mare thereaf;

k is an average number such that the formula weight of Ry ranges

from about 400 to about 15 000;

each Q is independently F, Gl ar H;

g, b and L are numbers such that {g + h) ranges from about 110
about 50, the ratio of t{g + h) ranges from about 8.1 to about 0.5;
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S is CFy3, OoFs, or combinations thereof,

fis an average number such that the formula weight of Ryranges
from about 400 to about 15,000, and

sach R and R? is independentiy H, & Cy-Cqp atkyl, a halogen,
OR3, OH, S03M, NRZ5, R3OH, RP§03M, R3NRZ:, R3NO7, RSON,
CIOYORS, CLOIOM, CIOIRS, or CIOINRZ, or comhinations of two or

more thereof;
wherein

R is independently H, C1-Cqp alkyl, or combinations of two or
more thereof,

R3is & C4-Cqp alkyl; and

M is hydrogen or a metal, preferably not aluminum;

{ is equal to {G+u);

i is any combination of 0, 2, 4, 8, 8, 10, 12, 14, 16;

v is independently either 2 or 4;

nisQor 1

E s P, As, or Sbh; and

m is greater than about 0.5 to abowt 3, provided that, whenE =P,
m= 3.0 and t =6, R cannot be exclusively H or contain F; as described in
U. 8. Patent Application No. 11167 330, filed June 27, 2006,

Iy ancther embadiment, the functionalized perfiuoropolyethers
of the present ihvention may comprise aryl perfluoropolyethers, which are
monofunctional aryl perflucropolyethers having the formuda of
R(¥ 1 {CiR ) -{O-CR iR, difunctional ary! perfiuoropolyethers
having the formula of R;“{{Y}y‘{CtR{;,ﬁ\,}}“{_O“GtR?{Bq-g}}g_rﬁig, or combinations
thereof, wherain

each of Ry and Ry’ has a formula weight of about 400 to about
15,000;

Ry comprises repeat units selected from the group consisting of

{&) J-O-{CHCF)CRN(CFXQ)CFZ-,
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(B} J-O-(CFCFO(CF0NCFZ -,

{c) J-O-(CF{CF3)CF0)CF(CFa-,

{d} JF-O-CQ-CF2OF -0 CQ;r,

{8} S~O-(CF{CF10F:0)(CFaCF 0 WCFX-0)-CF Z-,

{f) JLO-(CFCF,0%.CF2-, and

{g) combinations of two or more thereof, and

whare

the units with formuilge CFROF:0 and CFy0 are randomily
distribited along the chain;

J is OF 4, CaFs, GaF 7, CF:CLL CoF4Cl GaFsCl, or combinations of two
ot more thersof,

¢ and d are numbers such that the o/t ratio ranges from about .01
to about 0.5;

Xis -F, -CFy, or combinations thereof;

Zis-F, -Clor -CFy;

Z'ig -F or-Cl,

JUis CF s, CyFs, CaFy, CF2CH CHF LI, or combinations of two or
mare thereof,

e and { are numbers such that the off ratic ranges from about 0.3 o
about 5;

Jis -Cals, -CaF7, or combinations thereof:

i 18 ah average number such that the fonmula weight of Ry ranges
from about 400 to about 15,000Q;

B is CF 4, CaFs, CsFr. or combinations of two or more thersof;

K is an average number such that the foroula weight of Ryranges

each Q is independently -F, -Cl, or -H;

g, b and { are numbers such that {g + h) ranges from about 1 o
about 50, the /(g + h) ratio ranges from about G.1 10 about 8.5;

JYis CFa, CyFs, or combinations thereof,

k' is an average number such that the formula weight of Ry ranges
from about 400 to about 15,000;

~ 10
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each R is independently -H, a halogen, -OH, -BO:M, NR%:, -NOg, -
R'OH, -R*SOsM, -R*NR;, -R*NG,, -R*CN, -C{OIOR?, -C{O)OM, ~C(O)R?,
-CEOINRY,, ar combinations of two or more thereof, except that when b =
0, R cannot be four hydrogen atoms and -OH, or -Br, or -NH»; or R cannot
be solely H or -NQy, or combinations thereof,

each R is independently H, -R*, -OR* a halogen, -OH, -80:M, -
NRY;, -NOz, -CN, -R*OH, -R'SO:M, -R'NRY;, -RING;, -R'CN, -C{OI0RY,
~C{OIOM, ~CIOR, CLOINRY,, or combinations of two or more thereof
provided that if b = ¢, the combination of R and R? cannot be four or more
hydrogen atoms and ~-OH, -Br, -MNHz, or -NOy;

each R® is independently H, Ci-Cra alkyl, or combinations of two or
mare thereof;

RYis a C-Cw alkyh;

M is g hydrogen or metal ion;

aslort;

b is 0-5;

Y is a divalent radical ~-CHOCH -, {CH)e- 0+, ~{CF2)e, ~CF20-, ~
CF0CF-, ~C{O), -G(8)-, or combinations of two or more thereof,

11 is about 1 to about §;

o is about 2 to about 5,

i is aqual to §+y;

U is any combination of 0, 2, 4, 6, B, 10, 12, 14, 16,

v is independently either 2 or 4;

Rf' is «(CF sOF 203l CF20OWCF -, A{CaFeQ)p{ CFCF 20 1(CFXO)CF -,

{CFCF0) CoFsORCF(CF s}, -CF{CF3)O{CaFeQ)e-RF-O {
CaFsO3CF{CFs)-,

{{CE)CFCF O CFCF -, or combinations of two or more thereof,

where

e, f, X, and Q are as defined above;

p, § and r are numbers such that {p+q) ranges from 1 1o 50 and
tf{p+q) ranges from 0.1 o 0.05;

aach w is independently 2 {o 45;
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Rf* is linear or branched -CuwFame;
mis 1-10; and
s {5 an average number such that the formula weight of Ry ranges
from 400 to 15,000, as described in L&, Patent Application No.
11/218,258, filed September 1, 2005,

In another embodiment, the present compositions may
comprise at least one polvoxyatkylated aromatic compound. in the presant
compasitions, the substifuent to the aryl group is a polyaxyalkylated group.
Such compounds may be represented by Formuia B, wherein the R’
group is a polyoxyalkyiated group comprising at least ong ~-CHCH;0-
maiaty.

In another embodiment, the present compositions may further
comprise at least one alkylated aromatic. Alkylated aromatics include but
are not hmited {o alkylbenzene jubricants, both branched and linear,
commercially available under the trademarks Zerol® 75, Zerol™ 150 and
Zerol” (all linear alkylhenzenes) 500 from Shrieve Chemicals and HAR 22
{branchad alkylbenzene) sold by Nipgon Ol

in another embodimernt, the present compaositions may further
comprise at least one epoxide. Epoxides may comprise at least oneg
compound selected from the group consisting of 1 2-propyvlene oxide {CAS
reg. no. [75-56-9}}, 1.2-bulylene oxide {CAS reg. no. [106-88-71},
butylphenylglycidy ether, pentylphenyiglycidyl ether, hexylphenylghyoidyl
ather, heplylphenyigivaidyl ether, oclylphenyiglvaidyl sther,
nanyiphenyigivadyl ether, decylphenyigiveidyl ether, glyaicdyl
mathyiphenyiether, 1.4-glvcidyl phenyl disther, 4-methoxyphenyighycidyi
ether, naphthyi glycidyl ether, 1 4-diglycidyl naphthyt disther, butylpheny
glycidyl ether, n-butvl glycidyl ether, isobutyl ghvcidyl ether, hexanediol
diglycidy! ether, albyl glycidyl sther, polypropyleng glyeol diglycidy ather,
and mixtures thereof, meaning mixtures of any of the foregoing epoxides
listed in this paragraph.

In another embodiment, the present compositions may further
comprise at least ane fluorinated epoxide. The fluorinated epoxides may

221 -
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be depicted by Formula C, wherein each of R2 through RY is H, alkyl of 1
o 6 carbon atoms or flucroaliyt of 1 1o 6 carbon atoms with the proviso

that at least one of R2 through R® is a fluorcatkyl group.

QE

(%11

sl
O3

F3
Lf

Formuia C

Representative fluorinated epoxides include but are not limited to

10 witluoromethyloxirane and 1, 1-bis{triflucromethyhoxirane, and mixtures
thereof, meaning mixtures of any of the foregoing fluonnated epoxides.
Such compounds may be prepared by methods known in the art, for

instance by methods described in, Journal of Flucrine Chemistry, volume

24, pages 53-104 (1884), Journal of Organic Chemistry, volume 56, pages
1§ 3187 t¢ 3188 (1981), and Journal of Fluonine Chemistry, volume 125,
pages 99-105 (2004},
In ancther embodiment, the present composifions may further

comprise al least ane oxetane. Oxetanes may be compounds with one or
more oxetane groups. These compounds are represented by Formula D,

20 wherein R+-R: are the same or different and can be selected from
hydrogen, alkyl or substituted alkyl, aryl or substituted aryl.

RB /R’:“
\\ /a"

Rq, Re
. \( >f/’ 3
Q./f AN

Fonmula D
Representative oxelanes mclude but are not limited to 3-ethyl-3-
25  hydroxymethyl-oxetane, such as OXT-101 (Toagosst Co., Lid); 3-ethyl-3-
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{{phenoxy)methyil-oxetane, such as OXT-211 (Toagesei Co., Lid); and 3-
ethyl-3-{{ 2-ethyl~hexyloxyimethyl}oxetane, such as OXT-212 {Toagosei
Go., Lid), and mixtures thereof, meaning mixtures of any of the oxetanes
listed in this paragraph.

In another embodiment, the present campositions may further
comprise at least ong lactone. Lactones comprise cychic esters that may
be produced by the reaction of an alcohol group with a carboxylic acid
group in the same molecude. Representative lactones of the present
invention include but are not limited {0 gamma-butyrolactone {CAS reg.
no. [96-48-0]), delta-gluconolactona (CAS reg. no. [80-80-2]), gamma-
undecalactone (CAS reg. no. [1D4-67-B]}, 6. 7-dihydro-4{5H}
benzofuranone {CAS reg. No. [18806-83-2]), and §.7-bis{1,1-
dimethylethyl}-3-[2,3{or 3 4 -dimethyiphenvi]-2{3H-benzofuranone (CAS
rag. no [201815-03-4]}), commercially available from Ciba undsr the
trademark Jrganox™ HP-136, and mixtures thereof, meaning mixtures of
any of the lactones listed in this paragraph.

inn another embodiment, the present compositions may further
comprise at least one aming. Amines corgrise af least one compound
selectad from the group consisting of triethylamineg, tributylamine,
diisopropylamine, triisoprapylaming, triscbutylamineg, p-phenylensediamine,
and diphenyiaming. In another embodiment, the amines comprise
diallylamines including (N-{1-methylethyi}-2-propylamine, CAS reg. no.
[108-18-81). In another embodiment the amines include hindered amines.
Hindered amings comprise amines derved from substifuted pipendine
compounds, in particular derivatives of an alkyl-substituled piperidyl,
piperidingl, piperazinone, or alkoxypiperiding compounds. Representative
hindered amines include 2 2.8 6-tetramethyl-4-piperidone; 2,2 6,6-
tetramethyi-4-pipendinol; bis-(1,2.2.6 6-pentamethyipiperidylisebacate
{CAS reg. no. [41556-28-T]); di-(2,2,6 B-letramethyl-4-piperidyiisebacate,
stich as the hindered amine commercially available under the trademark
Tinuvin® 770 by Ciba; poly-(N-hydroxyethyl-2 2 8 6-tetramethyl-d-hydroxy-
piperidy! succinate {CAS reg. na. [B65447-77-01), such as thal commercially
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available under the trademark Tinuvin® 822LD from Ciba; alkylated
paraphenyvienediamiens, such as N-phenyl-N-{1,3-dimethyibutyl}-p-
phenylenediaming, or N N'-di-sec-butyl-p-phenyiensdiamine; and
hydroxyiamines such as tallow amines or N-methyibis{hydrogenated tallow
alkyhamine,. Some other hindered amines include the amine antioxidant
commercially available from Ciba under the trademark Tinwvin® 785, or
commercially avatable from Mayzo, Inc. under the trademark BLS® 1944
and BLS® 1770. The amines also include mixtures of any of the amines
listed in this paragraph.

in another embodiment, the present compositions may further
comprise gt least one alkylsilane. Alkyisiianes include but are not limited
o bis{dimethylaminoimethyisilane (DMAMS, CAS reg. no. [22705-33-5]),
tris{trimethyisitylisitane (TTMSS, CAS reg. no. [1873-77-4]},
vinyltristhyoxysilane (VTES, CAS reg. no. [78-08-0}), and
vinyltrimethoxystiane (VTMO, CAS reg. no. [2768-02-7]}, and mixiures
thereof, meaning mixtures of any of the alkysilanes listed in this
paragraph.

In another embodiment, the present composifions may further
comprise at lpast one benzophenone derivative. Benzophenone
derivatives may comprise benzophenone substitited with side groups
including halides, such as fluoring, chiorine, bromine or iodine, amino
groups, hydroxyl groups, alkyl groups such as mathyl, ethyl or propyl
grouns, anyl groups such as phenyl, nifro groups, or any combinations of
such groups. Represeniative benzophenone derivatives include but are
not limited to; 2 5-difluorabenzophenone; 2,5 -dihvdroxyacetophenonse; 2-
aminobenzophenong; 2-chiorobenzophenone; Z-fluorobenzophenone,; 2-
hydroxybenzaphenone; 2-methylbenzophenone; 2~-amino-4'-
chiorobenzophenone,; 2-amine-4'-fluorobenzopheanone; 2-amino-5-brome-
2-chiorgbenzophenone; 2-amino-S-chiorobenzophenone; 2-aming-5-
chioro-2-fluorobenzophenone; 2-amino-S-nitrobenzophenone, 2-aming-5-
nitro-2'-chiorobenzophenone; 2-amino-2', 5-dichiorobenzophenone; 2-
chiorg-4'-flucrobenzophenone; &-hydroxy-d-methoxybenzophenone; 2-
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hydroxy-B-chlorobanzophenone; 2-methylamino-5-chlorobenzophenone;
3-methylbenzophenone, 3-nitrobenzophenoneg, 3-nitro-4'-chicro-4-
fluorchenzophenone; 4-chlorobenzophenone; 4-fluorgbenzophenone; 4-
hydroxybenzophenane; 4-methoxybenzophenone; 4-
meathylbenzophenone,; 4-nitrobenzophenoneg; 4-phenyibenzophenone; 4-
chioro-3-nitrobenzophenone; 4-hydroxy-4'-chiorobenzophenons; 2.4-
dihydraxybenzophenone; 2 4-dimethyibenzophenone; 2.5-
dimethvibenzophenone; 3,4-diaminobenzophencne; 3,4~
dichlorobenzophenone, 3 4-diffuorobenzophenonsg; 34-
dihydroxybenzophenone; 3.4-dimethylbenzophenons; 4,4
bis{disthylaminebenzophenons; 4 4'-bis{dimethylamine benzophenons;
4.4 dichlorobenzopheanons; 4 4-diffuorobenzophenaone; 4 .4
difydroxybenzophenone; and 4 4'-dimethoxybenzophenone, and mixtures
thereof, meaning mixtures of any of the benzophenone derivatives listed in
this paragraph.

in another embaodiment, the present compositions may further
comprise at least one thiol. The thiol compounds, also known as
mercaptans or hydrosulfides, are the sulfur analogs of the hydroxyl group
confaining alcohols. Represeniative thiols include but are not limited to
methanethiol {methyt mercaptan), ethanethiol {ethyl mercaptan),
Cosnzyme A {CAS reg. no. [85-51-0)), dimercapiosuccinic acid (DMSA,
CAS reg. no. {2418-14-8]), grapefruit mercaptan ({ R)}-2-(4-
methyloycliohex-3-enylipropane-2-thiol, CAS reg. no. [83150-78-1}},
cysteing ({ R}-2-amino-3-sulfanyl-propancic acid, CAS reg. no. [52-80-41},
and lippamide (1,2-dithiclane-3-pentanamide, CAB reg. no. {340-69-3,
and mixtures thereof, meaning mixtures of any of the thiols listed in this
paragraph.

in another smbodiment, the present compositions may further
cornprise at least one thivether. Thiosthers include but are not imited to
benzyi phenyl sulfide {CAS reg. no. [831-91-4]), dipheny! sulfide {(CAS reg.
no. [138-66-2]), dicctadecyl 3.3 -thiodipropionate, commercially available
from Ciba under the trademark lrganox® PR 802 (Ciba) and didodecyl
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3,3 -thiopropionate, commercially available from Ciba under the trademark
frganox® PS 800 (Ciba), and mixtures thereof, meaning mixiures of any of
the thioethers listed in this paragraph.

I another embodiment, the present compositions may further
comprise at least opne aryl sulfide. The aryl sulfides comprise at least one
compound selected from the group consisting of benzyl phenyt sulfide,
diphenyl sulfide, and dibenzy! sulfide, and mixtures of any of the foregoing
aryl sulfides.

In another embaodiment, the present compaositions may further
comprise gt least one terephthalate. The terephthalates include diviny
ferephthalate (CAS reg. no. [13486-18-0]) and dipheny! terephihalate
{CAS reg. no. [1539-04-41), and mixiures of the foregoing terephihalates.

In another embodiment, the present compositions may further
comprise ascorbic acid (CAS req. no. [50-81-7]).

In another emmbodiment, the present compositions may further
comprise nitromethane (CHaNO;, CAS reg. no. [75-52-8]).

It ona embodiment, in the present compositions, the jonic
liquids or combinations of ionic liquids with other compounds serve the
purpose of stabilizing the CF4 component of the composition. Therefore,
the ionic liguid may be referred o as a stabdizer. Additionally, the
combination of ionic iguid and other compounds as described previously
herein may be referred to as a stabilizer blend {thesge combinations serve
the purpose of stabilizing the CF3l components of the compositions, as
well),

in one embodiment, single fonic iquids may be combined with
CFsl. Alternatively, in another embodiment, multiple ionic Hquid
compounds may be combined in any proportion to serve as a stabilizer
blend. A stabifizer blend may contain multiple stabilizer compounds from
the same class of compounids or mulliple stabilizer compounds from
different classes of compounds. For example, a stabilizer blend may
contain 2 or more ionic liquids, or ong or more ionic liquids in combination
with one or more {actones.
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Additionally, some of the compounds in the present
compaositions exist as multiple configurational isomers or stereoisomers.
Single isomers or multiple isomers of the same compound may be used i
any proporiion to prepare the stabilizer blend. Further, single or muttiple
isomers of a given compaund may be combined in any proportion with any
number of other compounds 1o serve as a stabilizer blend. The present
inventon is intended to include all single configurational isomers, single
steregisomers oF any combination or midure thereof,

Of particular note are compositions comprising CFRal with
combinations of compounds thai provide an unexpected level of
stabilizaton. Ceriain of these combinalions may serve as synergistic
stabilizer compositions, that is, the compositions of compounds that
augment each others’ efficiency in a formulation and the stabilization
chiained is larger than that expected from the sum of the confributions of
the individual componenta. Such synergistic stabilizer compositions may
comprise at least ane onic liquid and any of the compounds selectad
from the group consisting of phenols, terpenes and {ferpencids, fullerenes,
epoxides, fuorination epoxides, oxetanes, divinyiterephthalate, and
diphenyitherephthalate, and mixtures thereof, meaning mixtures of any of
the foregoing compounds in this sentence with an ionic liguid.

A limiting factor i the effectiveness of a stabilizer composition
is the consumption of stabilizer and loss of functionality over the time of
achive use. Of particular note are synergistic stabilizer compositions
comprising mixtures of stabilizers that include components capable of
regenerating the consumed stabilizer during active use, hereinafier
referred {0 85 regenerative stabilizers. Unlike multi-funclional single, large
stabilizer compounds comprising multipte stabilizing functional groups,
regenerative stabilizers comprising small "synergistic” stabilizers function
with higher mobility and higher stabilization rates {meaning higher rates of
reaction by which the stabilization is cccurring). Regenerative stabilizer
composition containg ane of more stabilizers that can replenish iself or
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thermnselves after use, 50 that over long-term use, the composition's
efficacy is maintained.

An example of a regenerabive stabilizer 1s an wonic liquid and at
teast one amine. Amines for inclusion in the regenerative stabilizer
compositions may camprise any of the hindered amines as described
previously herein. Of particular note, are those hindered amines derived
from substituted piperidine compounds, In particular derivatives of an
atkyi-substituted piperidyl, piperidinyl, piperazinone, or alkoxypiperidinyt
compounds, and mixtures thereof, Representative bhinderad amines are
2.2.6 8-tatramethyi-4-piperidong; 2.2 8 6-fetramethyl-4-pipsridinol; bis-

{1,2.2 8 6-pentamethyipipendyl) sebacate (CAS reg. no. [41556-28-7]); di-
{2,256 B-tetramethyl-4-piperidylisebacate, such as Tinuvin® 770; poly-{N-
hydroxyethyi-2 2 8 8-tetramethyl-d-hydroxy-piperidyl succinate (CAS reg.
no. [65447-77-0]), such as Tinuvin® 822LD (Ciba). Some additional
hindered amines include Tinuvin & 765 (Ciba), BLSY 1944 (Mayzo, Inc.),
and BLSY 1770 {Mayzo}, and mixtures theredf, including mbttures of any
of the hinderad amines described in this paragraph.

Any suitable effective amount of stabilizer may be used inthe
compuositions of the present invention. As dsscribed herein, the phrase
“effective amount” refers {o an amount of stabilizer of the present invention
which, when added o a composition comprising CF3l, resulls in a
compasition that will not degrade 1o produce as great a reduction in
refrigeration performance when in use in a cooling apparatus as compared
{0 the compaosition without stabilizer. Such effective amounts of stabilizer
may be determinaed by way of testing under the conditions of standard test
ASHRAE 97-2004. In a certain embodiment of the present invernttion, an
effective amount may be said to be that amount of stabilizer that when
combingd with a composition comprising at least one fluoroolsfin allows a
coaling apparatus ulilizing said compasition comprising at teast one
fluoroolefin to perform af the same level of refrigeration performance and
coohng capacity as if a composition comprising 1,1, 1. 2-letraflucrogthans
{R-134a)}, or other standard refrigerant (R-12, R-22, R-502, R-B07TA, R-
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538, R4D1A, R4018, R402A, R402B, R408, R410A, R404A, R407C, R-
413A, R-4174 RAZ2A,. R4228, R422C, R-4220, R-423, R~114, R-11,
R-113, R-123, R-124, R236fa, or R-245fa} depending upon what
refrigerant may have been used in a similar system in the past, were being
utilized as the working fluid.

Certain ambodiments include effective amounts of stabilizer for
use in the present invention that comprise from about 0.001 weight
percent to abowt 10 weight percent, more preferably from about 8.01
weight parcent to about 5 weight percent, even more preferably from
about 0.3 weight percent to about 4 weight percent and sven mare
preferably from about 0.3 weight percent to about 1 weight percent based
on the total weight of compositions comprising at least one fuorcolefin as
described herein. When a mixdure of stabilizers or stabilizer blend is used,
the total amount of the mixture or stabilizer blend may be presentin the
concentrations as described herein above for a single stabilizer
compaund,

inn another embodiment, the composition of the present
invention as described above herein may further comprise at least one
metal deactivator selected from the group consisting of areoxalyl
bistbenzylidenehydrazide (CAS reg. no. 8628-10-3); N .N-bis{3,8-di-tert-
butyi-4-hydroxyhydrocinnamoythydrazine) (CAS reg. no. 32687-78-8);

2, 2"-oxamidobis-athyl-(3,5-d-tert-butyb-4-hydroxyhydorcinnamate) {CAS
reg. no. 70331-24-1); N N -(disalicyclidene}-1 2-propanediamine (CAS reg.
no. 94-51-1}; ethyensdiaminetetraacetic acid {CAS reg. no. 80-00-4) and
saits thereot, inazoles; benzoltazole, 2-mercaptobenzothiazole,
tolutriazole derivatives, N N-disalicylidene-1 2-diaminopropansg, and
mixtures thereof, meaning mixdures of any of the foregoing metal
deactivators listed in this paragraph.

I another emmbodiment, a stabilizer composition comprises at
teast one onie iquid, st least one amine, and at least one metal
deactivator. The metal deachvator is selected from the group consisting of
areoxalyl bis{benzylidenethydrazide; N N-bis(3,5-di-tert-butyl-4-
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hydroxvhydroginnamoythydrazing), 2,2 -oxamidobis-ethy-(3,5-d-tert-bulyl-
4-hydroxyhydorcinnamate); NN -(disalicychdene}-1 2-propanediamine;
ethyenediaminstetraacetic acid and salls thereo!, triazoles; benzoliiazole,
2-mercaptehenzothiazole, tolutriazole dervatives, N N-disalicylidene-1,2-
diaminopropane, and mixtures thereof, meaning mixtures of any of the
foregoing metal deactivators listed in this paragraph.

In another embodiment, a stahdizer composition comprises at
least gne fonic liquid; at least one compound selected from the group
consisting of epoxides, oxetanes, lactones, divingt terephthalate, and
dipheny! terephthalate; and at least one metal deactivator selected from
the group consisting of arsoxaliyl bis{benzylideneihydrazide, N N-bis(3.5-
di-tert-butyt-d-hydroxyhydrocinnamoythydrazine); 2, 2-oxamidobis-athyl-
(3, 5-d-tert-butyl-4-hydroxyhydorcinnamate), N, N-{disalicyclidena)-1.2-
propanediaming; ethyenediaminsietraaceatic acid and salts thereof,
friazoles; benzotriazole, 2-mercapichenzothiazole, tolutriazole dernivatives,
N N-disalicylidene~1,2-diaminopropane, and mbxtures thereof,

In one embodiment, the compositions of the present invention
may further comprise at least one addiional compound selected from the
group consisting of luoroctefing, hydrofluorocarbons, hydrocarbons,
dimethyl ether, CF3l, ammonia, carbon dioxide {CO:} and mixtures thereof,
meaning mixtures of any of the additional compounds isted in this
paragraph.

in one ambodiment, the compositions may further comprise at
teast one fluoroolefin, In some embodiments, flucroolefins are compounds
which comprise carbon atoms, fluorine aloms and optionally hydrogen
atoms and at least one carbon to carbon double bond. In one
embodiment, the flucrcoleling used in the compositions of the presant
invention comprise compounds with 2 to 12 carbon aloms. In ancther
armbodiment the fluorcolefins comprise compounds 3 to 10 carbon atams,
and in yet another embodiment the fluoroolefins comprise compounds 3 o
7 carbon atoms, Representative fluorooiefins include but are not imited 1o
all compounds as listed in Table 1, Table 2, and Table 3.

~ 30 -

PCT/US2008/077837



[#3]

10

WO 2009/042855 PCT/US2008/077837

in one emboediment, fluorpolefins have the formula £ or Z-
RICH=CHR? (Formula 1), wherein R and R* are, independently. C: to s
perfluaroalkyl groups. Examples of R’ and R® groups include, but are not
limited to, OF3, G F 5 CFCFCFy, CR{CFa):, OF CF0FCF 5,
CF{CFCFCF s, CFCF{CFa), C{CFa)s, CF UFCF0FCF s,
CRCR.CH{CFsh, CIOF21CoF s, CFCRCFCFCFCE;, CH{CF:)
CFCFCoFs, and C{CFRCFCoFs. In one embodiment, the fluoroolefins
of Formula | have at least about 4 carbon atoms in the molecule. In
another emboediment, the Buarooleling of Formula | have at least abaut 5
carbon atoms in the meolecule. Exemplary, non-himiing Formula |
compounds are presented in Table 1.

TABLE 1
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Code Structurg Chemical Name
FilE CFCHSTHCR, 111 4 4 4-hexafioorobut-2-8ne
FiZ2E CFOH=CHGF, 11,14 4,88 B-octefluoropent-2-ane
F13E CFCH=CHCF0:Fs 1,1.1.4.4,5,5,8 8 8-0ecaflucrohex-2-ane
Fi3iE CFH=CHOF{CF 1,114,585, 5-heptafusro-d-{briftuoromethviipent-2-eng
F2iE CoFsCH=CHCFs 1 R1.2.2.8.8 8 8. 6-decafunvohen-3-ane
Fi4E CFOH=CHCF, 1:,0F; 1.4.14.4,558,8.7.7 T-dodecatioorohept-Z-aneg
F14E | CF OH=CHOCRCF-{CFa) 1.1.1.4,.4,5,8 .8, 8-nonafluore-S-{ifluoromethyDhex-2-ene
FidsE | CFCH=CHCF{CF-CoFy 1,1,1.4.5,5,8.8 S-nonfluora-4-{triflucrometinhihex-Z-ene
FIHE | ORLOH=CHCCF ) 1,114,585, 5-haxatluoro-4 4-bis{trifluoromediyipent-2-ene
F23E CoFsCHECHOFGF ¢ L1 L228808.6.7.7 T-dudecalluarchept-3-ena
FRuE CoF{CH=CHCF{CF ), 1,1,1.2.2,5.8 8 S-nonafluore-S-aftuoromethyvDbax-3-eng
FisE CF{CH=CHICF,CF; 1,1,14.4,.556.8.7.7.838 8stradecafiuoronol-Zeens
" . 111445548 undecafiuors-8-{ifhuorameathyhihept-
FiSiE | CFCH=CH-CFCFCF{CF
Z-ane
B A 1,1.1.5,5.6 & S-ootafluore-4 d-bis{tifiuoromethyhhex-2-
FisE CFCH=CH-C{OF L GaFs
aene
F24E CaFCH=CH{CF : 1,.CFy 1.1,1.2.2.5.5.6,6,7.7.8,8 Bietradecaliuoronct-J-ens
. 1,11.2.2.5.5 8 7.7 T-undecafiuon-8-{tifhonmmethyl thept-
F24iE | CoFCH=CHOFCF-{CF ),
3-ane
1.1.1.2.2.5.8 8.7 .7 F-undecafiuon-S-{tifluormmedivh et
F24sE | CoFCH=CHOF{CF)-CoF s
J-ane
o 1,1 1,.2.2.8.8 S-ootafuore-5, S-histiflusromethyhhex-3-
eng
FI3E CoF s LF :CH=CH-CF . GAF 1,5 1L2.2,3.3,6.6.7.7 8.8 B4elradesafiucroont-d-ane
) ' 1,1, 1.2.5,8.8,8-0otafluom-2 S-bis{trifluaromethyithex-3-
H3IE | {CFhOFCH=CH-CF{CF )
eng
- X 1,1,1,2,5,5.8 8,77 Tundecafivoro-2-(ifhuoromathyihept-
FIJE | CFLF.CH=CH-CF{CF ), 5
~B08
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Fi8E CFCH=CH{CFTF, 1,1, 1,4.4.5.5:88.7.7.88,.9 2 8-hexadecgiuonmnon-2-ane

1.1 14.5508.87.7. 8.8 8-fridecaliuoro-4-

F18sE | CF\CH=CHCF{CF){CF).0Fs o ,
{rifiusromethyhhept-2-eng
FigE CEOH=CHCICF  LOFCF, 1.1.1.8.6 S-ontafluors-4 4-bis{irifluoromethylheptZ-eng
F25E G CH=CHICF ;1,0 1,1,1,2,.2.5.56,68.7 7.8,8,83 S-hexadecafluoronon-3-sne
. , 1.1 1,2.2.5.5.8 8,7 8.8 8-tridecafiuorn-7-
F25IE | CoFCH=CH-CFCFCF(CF ), ‘
{triffuoromethyloct-Bane
_ o 1 H1LA2.88.7 7 T-decaliuoro-8,5-
F25tE G:F\\CH“GH(?:{ ‘NF;g}QCEFg .
bisttrifhuoromethybhhept-3-ene
F34E CoF P OH=OH-{CF 3 ).0F, 1.1,1,2.4.3.3.8,6,7.7,8.8,8 8. 8-hexadecafivoronon-d-eng
. _ v . 1,1,1.2.2,3.3,8,8,7,.8.8 §-lridecafluorn-7-
F34E CoFsCROH=CH-CFORICF G L
{tifiuorometivhoct-d4-ene
. 112333 8,77 8.8 8-hridecaflucra-§.
F3sE | CF LR CH=CH-CFCF)0Fs -
{tifluorometiyhoct-4-one
) 1,1, 155,886,777 F-decaluore-2.2-
FISIE | CFLF.CH=CH-C{CF ) o
bis{triflucromstinlihept-3-ens
. , o . 1L 1L2.8,8848,.7.7.8.8 8 bidenalluore-
F3idE | {CFy ) CFCH=CR-(FLCF; o
Zinfuoromethyliost-3-aene
i ] ) 1,4,1,2.5867F 7. Tdecafiuorg-2 8-
FIHE | {CFOFCH=CH-CF,CF(CFxh o
bis{irifluoromethyhbept-3-ene
) o v 1.1,1,2.5.6.87 7 7-devafiuors-2 5-
FlidsE | {CFapOFCH=CH-OR{CF G Fs ey
bis{irifluoromethyhhept-3-ene
. . 1.1.1,.2.8,6 8-heptafiunre- 2.5, 5-nstitiuormmethyhiiex-3-
F3E ‘:g?>LCF{:Hm€H*C(CF1}\
e
) 1.1.1,2.2,5586,6.7.7.8.5,8 81010, 10-octadecafiugrodec-
FRBE GCiF CH=CH{CF ):CF;
J-ena
s ) 1.1.1,2.2,56,6,7.7.8.8 8,8 Bpentadecafiuoro-5-
F265E | GoFCH=CHCFCF HOR LR ] )
{riffluromethyiinon-3-ene
. 1,1.1.2,.2.8.8,7,7.8.8. 8-dodecalluore-5,5-
FRAIE | CF CH=CHCICF  1CFCF o
his{trifiuoromethyliost-3-ene
~ 1.11.2,2.3,3.8,87 7. 8.8.8.8.10, 10, 10-octadesatuorodes-
F3sE CoF sCR OHaCH-(OF,),CF 4
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CoF O GH=CH-

1L 1LL2.2.3.3.88.7.7 .88 9 8-pentadecafiunro-8-

Fasig ) ,
CF-OF,CRCF ) {triffuorometiwiinon-<4-ene
o LLLE23.37.7.8.8 8-dudecaliuare-6.6-
F35E CoF s CF :OHaOH-C{OF 1 1 CFx o
bistirifluoromathvhock-4-ena
. ) , 1,1,1,2.5.5.6.8,7.7,8,8.0.8 Spentadacattuorg2-
F3isE {CF;CFCH=CR-A{TF ), CF; )
{ifluoromesthylinon-3-ane
—— {CRyRGFCH=CH- 1,1,1.2.5.5,6 6,7.8.8 S-dodenafiuore-2.7-
SiotEs
CFLOFR LR (GFa ) bis{iritluoromethyhoot-3-ane
) o } 1,1,1,2.8,6,7.7 T-nonafluoro-2,5,5-
FASIE | {CFROFCH=CHCC{CF 0o Fy o _
fristinfluornmethyhbept-J-ene
‘ ‘ ‘ 1.1.4.2.2.3.344.7.7.88.8581010 10-octadecaiiuorodec-
S-enea
. , 1,1.1,2,3,3,6,6,7.7.8.8 88 R paitadenafiuoro-2-
Fitooromethylnon-4-ate
_ ‘ o 1.1.1.2.2,3,6,8,7.7.8.8 8.8 Spentadesafiuoro-3-
{infumromethylinon-d-ene
N o 1.1.1.5.8.8.8.7,7.8.8 8-dodecatiuorg-2.2,-
FA4E | CFy(CR)BH=CH-CICFsh _
) bis{trifupromethyliost-3-eng
FASE {GF R CRCF,CH=CH- 1,1, 1.2.3.3.8,8,7 8.8, 8d0decativon-2,7-
Faidi
CFLGF{CF:): bis(triffuoromethylhinct-d-ena
EASE {OF  hCFOF,CH=CH- 1.4, 1.4.8.3.8.7 7 8.8 8-dodecaiiunre-? &
dids
CF{CFUFs bis(triftuorometinhioohd-ens
N 1R 1L55.8.7 7 Fnonafluoro-2.28.6-
FdidtE | {CFCRCFOH=0H- GICRy); o o
fristrifunromethyl thept-3-eng
EAcdsE CoFsCF{CFCH=CH- 1L L4.2.3.6.7.7.8.8 8-dodecafiucrs-3.6-
Fdsds
CF(CF T Fs pisttrifluoromathyhnet-d-eng
- ~ . v 1L L8677 Tronafluore-2,25-
Fdsdifft | CuFGF (SP)GHSOH: T{CR), el )
tris{iifiuoromethylinept-3-aens
, _ 1.1,1.8.8.6-hexafluoro-2.2.5 8-
FUGE | {CF Rl OH=CH-CICF )

ietrakin{irifluorornethyhihex-3-ere
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Compounds of Formula | may be prepared by contacting &
perfluorcalkyl indide of the formula R with a perflucroatkyltrihydroolefin of
the formula R°CH=CH: to form a trihydroiodoperfluoroatkane of the
formuta R'CH.CHIR?. This trihydroicdoperfiuorpaikane can then be
dehydrolodinated to form R'CH=CHR?. Alternatively, the olefin
R'CH=CHR? may be prepared by dehydroiodination of a
trihydroiodoperfluorcatkane of the formula R'CHICH:R® formed in tum by
reacting a perflucroalkyl iodide of the formuta R with a
perfluoroatkyitrihydroolefin of the formula R'CH=CH,.

The contacting of a pedfluproalkyl todide with
perflucroalkyiirihydroolefin may {ake place in balch mode by combining
the reactants in a suitable reaction vessel capable of operating under the
autogenous pressure of the reactants and products at reaction
temperature. Suitable reaction vessels include fabricated from stainless
steels, in particular of the ausienttic type, and the well-known high nickel
alloys such as Monel® nickel-copper alloys, Hastelloy® nicket based
altoys and Inconel® nickel-chromium alloys.

Altematively, the reaction may take be conducted in semi-baich
mode in which the perfiloroalkylitrihydroolafin reactant is added to the
perfiuoroalikyd iodide reactant by means of a suilable addition apparatus
such as a pump at the reaction temperature,

The ratio of perfluorcalkyl lodide 1o perfluoroalkyltrthydroolefin
should bs between about 1:1 to about 4:1, preferably from about 1.5:1 10
2.5:1. Ratios lass than 1.5:1 tend to result in large amounts of the 211
adduct as reported by Jeanneaux, &l. al. in Journal of Fluorine Chemistry,
Vol 4, pages 261-270 (1974}

Preferred temperatures for contacting of said perflucroalkyl

iodide with said pedluoroalkyltrhydrooletin are preferably within the range
of about 150°C to 300°C, preferably from about 170°C {0 ahowt 250°C,
and most preferably from about 180°C 1o about 230°C.
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Suitable contact times for the reaction of the perflucroalkyl iodide with the
perfiuorogikylirihydroolelin are from about 0.5 hour to 18 hours, preferably
from about 4 to about 12 hows.

The trthydroiedoperfiuorpalkane prepared by reaction of the
perfiucroalky lodide with the perfluoroalkylirihydroolefin may be used
directly in the dehydroicdination step of may preferably be recovered and
purified by distiliation prior 1o the dehydroiodination step.

The dehydroiodination step is carried out by contacting the
frihydrolodoperfivoroatkane with a basic substance. Suitable basic
substances include alkalt metal hydroxides {e.g.. sodium hydroxide or
potassium hydroxide), alkali metal oxide (for example, sodium oxide),
alkaline garth metal hydroxides {e.g., calcium hydroxide), alkaline garth
metal oxides {e.g., calcium oxide}, alkali metal atkoxides (8.g.. sodium
methoxide or sodium ethoxide), agqueous ammonia, sodium amide, or
mixiures of basic substances such as soda lime. Preferred basic
sulistances are sodium hydroxide and potassium hydroxide.

Said contacting of the tihydroicdoperiiuoroatkane with a basic substance
may take place in the liquid phase preferably in the presence of a solvent
capable of dissolving at least a portion of both reactants. Solvents
suitable for the dehydroiodination step include one or more polar organic
solvents such as alcohols {e.g., methandl, ethanol, n-propanal,
isopropanc, n-butanol, isobutanol, and tertiary butanol), nitrites {e.g.,
acetonitrile, propionitrite, bufyronitnle, benzonitrile, or adiponitrile),
dimethy! sulfoxide, N N-dimethyiformamide, N N-dimethylacetamide, or
sulfolane. The choice of sclvent may depend on the boiling point product
and the ease of separation of traces of the solvent from the product during
purification. Typically, ethanol or isopropanol are good solvents for the
reaction,

Typically, the dehydroiodination reaction may be carried out by
addition of one of the reaciants (either the basic substance or the
frihydroiodoperfiuoroatkane) to the other regetant in a suitable reaction
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vessed. Baid reaction may be fabricated from glass, ceramic, or metal and
is preferably agitated with an impeller or stirring mechanism.

Temperatures suitable for the dehvdroiodination reaction are
from about 10°C fo about 100°C, preferably from about 20°C {0 about
70°C. The dehydroiodination reaction may be carried out at ambient
pressura or at reduced or elevaled pressure. Of note are
dehydroiodination reactions in which the compound of Formula | is distilled
out of the reaction vessel as it is formed.

Altematively, the dehydrolodination reaction may be conducted
by contacting an aqueous solution of said basic substance with a solution
of the trihydrolndoperfiucroalkane in one or more organic solvents of lower
polarity such as an alkans {g.4., hexane, heptane, or octane), aromatic
hydrocarban {e.g., toluene), halogenated hydrocarbon {e.g., methylene
chioride, chioroform, carbon tetrachioride, or parchioroethylene), or ether
{e.q., diethyl ether, methy! tert-butyl ether, tetrahydrofuran, 2-methyi
{etrahydrofuran, dioxane, dimethoxyethane, diglyme, or tetraglyme) in the
presence of a phase ransfer catalyst. Suitable phase transfer catalysts
include guaternary ammonium halides {e.g., etrabulylammonium bromide,
tetrabutylammonium hydrosulfate, triethyibenzviammonium chioride,
dadecyltnimethylammonium chioride, and tricaprvlyimethylammonium
chioride)}, guaternary phosphonium halides (e.g..
{riphenyimethyiphosphoniun bromide and tetraphernyiphasphonium
chicoride), or eyclic polyether compounds known in the art as crown ethers
{&.g., 18-crown- and 15-crown-5).

Alternatively, the dehydrojodination reaction may he conducied
in the absence of solvent by adding the trihydroiodoperfiuoroalkane o a
solid or liquid basic substance.

Suitable reaction times for the dehydroiodination reactions are
from abouwt 15 minutes fo about six hours or more depending on the
sotubility of the reactants. Typically the dehydroiodination reaction is rapid
and requires about 30 minutes to about three howrs for completion,
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The compound of Formulia | may be recovered from the dehydroiodination
reaction mixture by phase separation after gddition of water, by distillation,
of by a combination thereof,

I another embodiment, fluarooielins comprise cyclic
fluorcolefing (cyclo-{CX=CY{CIW -] (Formula i1}, wherein X, Y, Z, and W
are independently selected from H and F, and n is an integer from 2 to &),
in one embodimeant, the fluorcolefins of Formula I, have atleast about 4
carbon atoms in the molecule. In yet ancther embodiment, the
fluoroplefins of Formula 1 have at least about § carbon atoms in the
motecule. Representative cyclic fluorociehns of Formuda U are listed in
Table 2.

TABLE 2

Cyclic Structye Chemical name

fluoroolefing
FC-C1318ee cyclo-CFCF:CF=CF- 1,233 44-
haxafluorocyclobutens
HFC-C133dee | cyclo-CFCF,CH=CH~ | 3.3.4.4-

tetrafluorocyciobutene

HFC-C1436 cyslo- 33445585,
CF20FCFCH=CH- hexaflucrocyclopeniene

FC-C14 18y cyclo- 1.2.3,3,4,4,5,5-
CRCF=CFCFCF - octafluorocyciopantiens

FC-C181-10v | eyclo- 1,2,334455886-

CFCF=CFCF,CF,CFs | decaflucracycichexene

I another embodiment, Hucroolefins may comprise those
compounds listed in Table 3.

TABLE 3
Name Structure Chemical name
MHFC-1225ve CF,CF=CHF 1,.3.3.3 J-pentefiucm-1-propena
HFC-1228z0 CFCH=CF; 1.1.3,3 3-pentafiuoro-i-propane
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HEC-1225y¢ CHE,CF=CF, 1.1.2,3.3-pentalunro-twopane
HFG~12334ve CHFCF=CHF 1,23 3<elrafhuoro-1-propens
HFC-1234vt CF,CF=0H;, 2.3.3, 3-tetraflunro-1-propene
HFC-1223dz0 CFOH=CHF 1.8.3, 3telrafluora-1-propena
HFG-1234ye {THFCFR=CF, 11,2, 3debrafluorg-T-propens
HFC-1234ze CHF:CH=CF, 1,13, 3-tetratlunro- Typropane
HFC-1243yf CHFCF=CH; 2.3 3 nfluore~-Tpropens
HFG-1243sf CF JCH=CH, 3,3, 3 tfluorc-1-propens
HFC-1243yc CHOF=0F; 1.1.2-kifusre-1-propene
HFC-1243z0 CHFCH=CF, 1.1, 3 wifluaro- f-propens
HFC-1243ys CHFCF=CHF 1.2, 34n¥fluofn-{-progens
HFC~1243z8 CHF CH=CHF 1,3, 3-triflugro-1-propeneg
FL-1318my CF.CFsGRGF, 110123 4 4 d-octafiuore-2-hutene
FG-1318ey CGFLOFCF=CF; 1.1,2.3,3.4 4 4-octaffuore-1-butene
HFG-1327my LR OF=CHOF, 1,112 4 4 4-hepiafluors-2-bulene
HFC-1327ve CHF=CFUF.:LCFy 1.2,3,3.4 4 S-haptafiuore-1-igtens
HFC-188Tpy CHF CF=CFQF, 1.1.1.2.3 4 4-heptafiuore-2-bitens
HFC-1327at {CF31C=ChF 1,33, 3-tefrafiuorg-2-
{Irifluoromethviy-1-propene
HF{3-1327cz CF ;=CHCRCF, 1.4.3,3,4. 4 4-heptafiucre-1-butene
HFG-13270ve CF=CFCHFCR, 1,123 4 d d-heplaftuore-1-butens
HFC-1327eyn CF=CFUFCHF, 1.1.2.3.3 4 8-hepisfiuore-1-iditene
HFC-1336yf CFLOFCF=CH; 2.3.3.4 4 4-hexsfluon-1-butens
HFO-1336z8 CHF=CHOF.CF, 1,334 .4 A-hexafinorn-1-butens
HFC-13380ve CHF=CFCHFCF, 2344 d-haxafiuoro-1-lutane
HFC-1338ayn CHF=CFCFOHF, 1.2.3,3,4, $hexafluoro~-1-butene
HFC-1338pwy GHF . CF=CPCHF; 1,1.2.3 4 d-hexativons-2-butens
HFC-1338gy CHFCF=CFCF; 1,112 3 4-haxafluore-2-budene
HFC-1336pz | CHF.CH=CFCFy 1,1,1.2. 4 S-hexalluoro-2-butene
HFC-1336mzy OFoH=CFONF, 1,113 4 4-hexafluore-2-butena
HFEC-1338q0 CF=CFCFRCHF 1, 1.2.3.3 4-hexafluoro-i-bigensg
HFC-1338pa CF=CFOHFCHF 1.1.2,3 4 $-haxafiuore-1-butane
HFC-13368 CH=C{CF ) 3.3 3 rfluoro-2-ifluoramathyl 1=
propene
HFC-13458qz2 CH.FCH=CFCF, 1,1.1.2, $-peotafiuom-2-bitens
HFC-1348mey CFOH=CFOHF 1.4 3 4-pentallure-2-butene
HFC~134582 CF.CF OH=CH, 3.3, 4.4 d-pentafiuoro-1-bulens
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HEC-1845maz CHF,CH=CHCF; 144 4-peniafunre-2-tutene
HFC-1345sy CH.CF=CFCF, 1,1.1.2 S-pentafiuoro-2-butens
HFC-134580 CHy=CF CFOHF; 2.3.3.4 d-pentsfiuom-i-butens
HFC-1345pyz OHFCF=CHCHF: 1.1.2.4.4-peniafiuro-2-butane
HFG-13450v0 CHACFOF=CF; 1,123 3-pentafuoro-1-butans
HFC-1345pvy CHFCF=OFCHF: 1. 12 38-pentafiuors-2-butens
HFC-1348aye CHFCECF=CHF 1.2.3,3 4-pentafiucre-1-bulens
HFG-134501 CF =C(CFCHy 1134, 3-peniafisore-2anethyl-1-
propsne
HFC-13456p CHy=C{CHFy OF ) 2-{difluoramathy-3, 3. 340fluore-1-
propane
HFC13488ve CH=CFCHFCF, 2.3.4.4 4-pentafiuoro-i-butens
HFG-1345eyf CHF=CFCHCRFy 1.2.4.4 d-pentafiugre-1-butne
HFC~1345aze CHF=CHCHFCF, 1.3.4.4 4-pentafluom-1-butena
HFC-1345az0 CHF=CHCF.CHF, 1,3.2.4 S-pentafinoro-1-bitens
HFC-1345eve CHF=CFCHFCHF,; 1.2.3.4. 4-penialumre-1-butane
MHFC-13584820 CHCHCF,CHF, 3,3.4 dtetratiuore-1-buteneg
HFC-1354ctp CFR=C{OHF{EHS 1,13, 34etraluore-2-msathyl-1-
propene
HFC-1354aim CHF=CI{CF{TH:} 1:3.3, 31etralunrg-2methyi 1 -
DEGRONS
HFC~13548D CH=C{OHE 24{difluoromethli-3, 3-difluoro~1-
propens

HFG-1354my

1.1 1 Z4adraffuoro-2-bulens

HFC-1384may CHOF=CHCOF, 11 L 3 ekathworo-2-butane

Fo-141-10myy CRCF=CFCF.GF 1,1.1,2.3,4.4.5,8 S-devatiuore-2-
pentens

FO-149-100y CF=CFCF,CR.CF 4 1,1.8,3.3,4,4.5.5 S-derafluorg-1-
penterne

HFC-1428mat {CF353RG=CHOF, 1114 4 d-haxafluere-2-
{riffuoronmstivd - 2-butene

HFEC-1428myz CFCF=CHOP.CF; 1,1.1.2.4 4 8.8 S-nonafluorp-2-
perdena

HFG-1428mzy | CF{CH=CFCF.OF, 1 1,1,1,34.4,5 5 5-nonatiuare-2-

pantens

HFC-1438eve CHF =0FCF,GF A CF; 1,2,3,3.4,4,5,5 5-nonaflugro-1-
pantens

HFC-1438c2c CF=CHCFCF . CF 1.1.3,3.4.4.5.5 S-nonafluoro-1-

~ 40 -
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pentene

HFC~14280y0c CF=OFCF,CF . CHF, 1,1.2.3.34 4.5, 5-nonafluoro-1-
perdena

HFG-1428pyy CHF,CF=CFOF.GF, 1,1.2,3,4.4 5.5 5-nonafluoro-2-
pentene

HFO-1428mvye CFCF=CFCF,CHF, 1,1:1.2.3.4.4.5 Snonafleoro-2-
petansg

HFC-1428myve

CFLCF=CFCHFCF,

1,1,1,2.3,4,5.5 Saonafluore-2-
pentens

HFC-1428eyyim

CHF=CFIF(CF)y

1.2.3 4.4 3-hexaiuoro-3-

{riftupromethyli~1-butene

HFC-1428nyzm CF=OFCHICE b 1,124 4 4-hexatuore-3-
{triffucromethvli-1-butene

HFC~1428mzt COFCH= C{OF 1,1 et 8 A -heaRanro-2-
(rithiorometind-2-butang

HFC-142802ym CFaCHCRICF G, 1,1.3.4 4 4-hexafluoro-3-
driffuoromethyl) T-hutens

HFC-14 388y GH=CFCRCFGF; 2,3.3,4,4,5.5 5-vowaflucro-1-
pEEne

HFC-14238eveg

GHF=CFCF . CF OHF

1,2.3:3.4.4,5.5-cctafluore-1-

pantens

HFC-14388me CH=O{CFCFLCF; 3.3.4.4 4-pentafiuors-2-
{triflunramethyli-1-hutans
HFC-1438cr7m CF=CHCH{CF:} 1.1.4.4 4-pentsflucm-3-
{riflusromethyli=1-hutene
HFC-1438azym CHF=CHCF(OF .5 1,3.4.4 d-pentafluors-3-
rifuoromisthv-1-butens
HFC~14380tmi CF=l{CFOHCF, 1,1.4.4 A-pentafiuaro-2+
{rifluoromethy - 1-hutene
HFG-1447f2y {CF R CFOH=CH, 344 d-tatrafluorn-3-
{riftuoromethyl1-butene
HEC-14471z CFOFCF.OH=CHy 3,3.4.4,5,5,5-heptafluoro-1-pantane
HFC~1447fvoe CH=CFORCFOHE, 2,3.3.4. 4.5, 5-hepiafluore-i-pentens
HFC-1447ezut CF=CHCF CHCF « 1,1.3.3.5,5 5-heptafluore-1-pentens |
HFC- 1447 mvm CFOF=C{OF HGCH:) 1.1.1.2 4.4 4-heptatiuoro-3-methyl-
Z-bhutens
HFC-144 T CH=CFCHICF 3 2 4.4 4-tatrafiuone-3-

{iriflucromethyl}-1-butene
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HFC-1447ez2 CHF=CHOH{CF 4 144, 4-tatrafluonn-3-
{triflucromethyil-1-bldense

HFC-1447 gzt CH:FCH=QICOF s 1.4.4 4-tatrafluora-2-
{riftuoromethyl-3-butena

HFC-1447 syt CHOF=C{CF ) 2,44 4-teirafiuorg-2-
{triflunromethyl-2-hutensg

HFC- 1458521 {CF R C=CHCH; Jqtrifiuormstiyl-4 4 Sdnfluore-2-
butens

HFC-14585zy CF.CFOF=CHCH; 3,4.4.8 8 5-haxafluoro-2-pentens

HFC-1458msiz CFC{OH, =CHCF, 1,1.1,4.9,4-haxafiuore-2-rhethyl-2-
basteng

HFC-1456f20e CH:=CHCF,CHF O, 3,3,4.5 5.8 fuoaflumro-t-pantens

HFC-14580mf CGHy=C{CFJCH-CF, 4.4 A-trifiuorp-2-{hfluoramathyl)-1-
butene

FE-181-12¢ CF{CF OF=CF, 1.1.2,334.4.556686-
dodecaffuare-t-hexens {or
perfiucrg-1-haxene)

FC-15%-12n10y GF.OCF,CF=0FCF.CF, 111223455888
daderafluorg-3-hexens (Or
perfiudra-3-hexens)

FC151-13mmit {CF3C=O{CF 1.1 54 4 d-haxafluore-2.3-

his{lriuoromethyl-2-butens

FC-151-12mmez

{CFRCFOF=CFCF,

1,1.1.2,3,4,.5.8 5-nonafluoro-4-
{riffuoromathyl-2-pentens

HFC-1582-11mmts | {CFLO=CHGF; 1,1.1.4.4,5.5 S-octafluore-2-
Griffuoromethyl2-pentane

HFC-182- {CF L CFOF=CHCFR; 1.1.1.3,4,5,58 S-cetaftuoro-4-

Tiromyyz {iriflucromethyi}-2-pardane

PFBE CFLCF,CFCFCH=CH, 3.3.4.4.5,5.8.8 6nonaflupre-1-

{or HFG-1549{2) haxene (or parfluorcbutylathviens)

HFC-1548Fammt | CHy=OHGICF 1 4.4 44rfiuore-3,3

Bis{triffuoromethyly1-butere

HFC-1548mmitls

(CF 3 1:0=C{CH;}{CF )

1,1 14 8 A-heeaBuneo-3anethil-2-
{triflusromethvli-2-butene

HFC-1548ty0s CH=UFCFOHCF G 2,3:3.5.8.5-hexalluoro-4-
frithuoromatind-Tpentens
HFC-1548myts CF.CR=C{CHJCF LR, 11,124,458, 5-nonafluorn-3-

mathyl-2-paniene

Z 49 .
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HFC-1849mzee CFCH=CHCH(CF ), 1.4.1.5,5 8-hexafiuorn-4-
{friflucromethyih2-pantane
HFC-1558s8zy CFLCF.CFOF=0HOH; 3.4.4.5.5,8.8 8-ociafluoro-2-hexena
HFG-15588fz000 CH=CHOF.OF,CR,CHF, 3,3.4.4,5.5.6 8-oetafluoro-2-hexens
HFC-1588mmize {CF 1) G=CHOFCHy 1, h 1 d-pantatiuorn-2-
(rifluoromsthyd F2-pentens
HEC-15588mf CHC{CFOHACFS 4.4.5 & S-pentafluorp-3-
{riffuoromethvly-Tpeniens
HFG-15678s CFOFCF{CH =CH, 3.3.4.4.8 5 5-hepiaftuoro-2-methyl-
1-pentene
HFC-158Tszx OF R CFCH=CHOH, 44,5 58,6 &-heplafivoro-2-haxene
HFEC- 1567121 CHCHOH.CFCFS 4,4.5.5.6.8 6-hepiafluors-i-hexens i
HFC-1 587 sbyy CFOF {CF=CFIH; 1,012,234 heptafiucro-3-hexene :
HFC-186Tidy CHy=CHCH,CF{CF. 4, 4 5.5 S-atrafiuora-4-
{Iriflucromethyly-1-pantsne
HFC-1887Tmyeem | CFCF=CHCH{CF {CHY) 1.1.1,.2,5,5, 5-heptatiuoro-4-methyl-

S-pentane

HFC 88T mmiyt

(QF-:\}QC:CFC;\?HS

1 S-tetraflunnd-2-

{triffuorometivd}-2-pentens

FC-181-1dmyy CFCF=CFCF LF,CoF; LH12344 5588777
tetradenafiuoro-2-hepiene
FOC-181-1dmoyy CF (OFCF=LFCFLCaFs 1112234558877 7
tetradecafivoro-2-heptans
HFEZ-182-13mazy CFCH=CFOF ORGP 1113445888777
tridecaftuore-2-heptane
HFC182-13myz CFCF=CHOF LOF,CF; 141.244888877.7-
tridecativore-2-heptane
HFC-182-13mazy | CRCFRCH=CFCFGF, 1112248588777

iridecafiooro-2-heptane

tridecsfiuora-3-heptens

PEVE CEROFQOFCR: pantatluorgatind rifluorovinyl ether
PMVE GF=CFQUF,; triflunromethyd rifluorovinyt sther

The compounds listed in Table 2 and Table 3 are available

commercially or may be prepared by processes known in the art or as

describred hersin.

~ 43«
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1,114 4-pentafluoro-2-butene may be prepared from

1.1.1.2 4, 4-hexafluorobutane {CHF ;CHCHFCF;:) by dehydrofluorination
over solid KOH in the vapor phase at room temperaiure, The synthesis of
hexafluoro-2-butene may be prepared from 1,1,1.4 4 4-hexaflucro-2-
indobutane {CFCHICHCFa) by reaction with KOH using a phase fransfer
catalyst at gbout 60°C. The synthesis of 1,1.1,4,4 4-hexafluoro-2-
indobuitans may be carried out by reaction of perflucromethy! iodide (CF4}
and 3,3, 3-trifluoropropene (CFCH=CH,) at about 200°C under
autogenous pressure for about 8 hours.

3,4,4,5,5,6-hexafluoro-2-peniene may be prepared by
dehydroffuorination of 1,1,1,2,2.3.3-heptafiuoropentane
{CFCFCF.CHaCHz) using solid KOH or over a carbon catalyst at 200-
300 *C. 1,1,1,2,2,3 . 3-haptafluormnpentane may be prepared by
hydrogenation of 3,344,558 5-heptafiucre-1-pentene
{CF:CF:CF:CH=CH:}).

1.1.1,2 3 4-hexafluoro-2-butene may be prepared by
dehydrofiuonnation of 1,1,1,2.3. 3 4-heptafiucrobutane (CHFCF.CHFCF;)
using solid KOH.

1,1,1,2,4 4-hexafluoro-2-butene may be prepared by
dehydrofluorination of 1,1,1,2,2.4 4-heptafiuorohutane (CHF:CH,CF,CFL)
using solid KOH.

1.1.1.3.4 4-hexafluoro2-butene may be prepared by
dehydrofluorination of 1,1,1,3.3.4. 4-heptafiuorobutane (CF:OHCFCHF )
using solid KOH.

1,1,1.2 A-pantafluoro-2-butensa may be prepared by
dehydrofluorination of 1,1,1,2,2 3-hexafluorobutane {CHFCHCFCF)
using solid KOH.

1.1,1,3 4-pentafluoro-2-butane may be prepared by
dehydrofluorination of 1,1,1.3,.3.4-hexafiuorabutane {CFCHCF.CHF}
using solid KOH.

< A4 -
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1.1,1, 3 etraflucro-2-butens may he prepared by reacting
1.1, 1.3, 3-pentafluorcbutane { CF;CHCF:CH;j with aqueous KOH at 120
°C.

1.1,1,4,4.5 5 5-0ctaflucro-2-penteng may be prepared from
{CF:sCHICH,CF,CF;) by reaction with KOH using a phase transfer catalyst
at about 607C. The synthesis of 4-iodo-1,1,1,2.2.8,5, 5-octaftucropentane
may be carried out by reaction of perfiuorcethyliodide (CFCF1) and 33,3~
trifldoropropene at about 200°C under autogenous prassure for about 8
hours.

1.1.1.2,2.5,5,6 .8 8-decafluoro-3-hexene may be prepared
by reaction with KOH using a phase transfer catalyst af abowt 60°C. The
synthesis of 1,1,1.2,2,5.5,6 6 S-decafluoro-3-iodohexane may be camied
out by reaction of perflucrasthyliodide (CF:CF:) and 3344 4-
pentaflucre-1-butene {CFCFCH=CH,) at about 200°C under autogenous
pressure for about 8 hours.

1.1, 1,4,5,5 . 5-heptafivoro-4-{Iriffucromethyl)-2-pentene may
be prepared by the dehydrofluorination of 1,1,1,2.5.5,5-heptafiuoro-4-iodo-
2-{triftuoromethyl}-pentane (CFCHICH,CF{CF ;) wath KOH in
isopropanol. CFsCHICHCF(CFa); is made from reaction of {CF3:CF1 with
CFOH=CHy at high temperature, such as abowt 200 G,

1.1,1.4,4,5,5,6 8 6-decaflupro-Z-hexene may be prepared by
the reaction of 1,1,1.4,4 4-hexafluore-2-butene {CFCH=CHCF3) with
{etraffuoroethylene (CF:=CF») and antimony pentafiuorids (ShFs).

2.3.3 .4 A-pentafluoro-1-hutene may be prepared by
dehydrofluonination of 1,1,2,2.3 3-haxafluorobutane over fluarided alumina
at elevated temperature.

2.3,3.4,4.5,5 5-ocatafluoro-1-pentene may be prepared by
dehydrofluorination of 2,2,3,3,4,4,5,5, 5-nonafluoropentane over solid
KQOH.
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1,2,3,3,4 4,5, 5~cctafluoro-1-pentena may be prepared by
dehydrofluoringtion of 2.2 .3 3.4,4.5.5, 5-nonafluocropentane over Juorided
aluming at slevated temperalure.

Many of the compounds of Formula |, Formuda i}, Table 1,
Table 2 and Table 3 exist as different configurational isamers or
sterecisomers. When the specific isomer is not designated, the present
inventon is intended to include all single configurational isomers, single
steregisomers, ar any combination thereof. Forinstance, FHE is meant
to reprasent the E-isomer, Z-somer, or any combination or mixturg of bath
isomers in any ratio. As another example, HFG-1225yve js meant to
represent the E-isomer, Z-isomer, or any combination o mixture of both
ispmers i any ratic.

In one embodiment, the present compaositions may further
comprise at jeast one hydrofluorocarbon (HFC). HFC compounds of the
present invention comprise saturated compounds containing carbon,
hydrogen, and fluorine. Of particular utility are hydroflucrocarbons having
1~7 carbon atoms and having a normal boiling point of from about -80°C o
about 80°C. Hydrofluprocarbons are commercial products available from
a number of sources such as E. 1 du Pont de Nemours and Company,
Fluoroproducts, Wilmington, DE, 19888, USA, or may be prepared by
methods known in the art. Representative hydrofiuorocarbon compounds
include but are not limited 1o fucromathane (CHyF, HFC-41},
diffuoromethane (CHxF, HFC-32), tnfluoromethane (CHE;, HFC-23),
pentafiuoroethans {(OFCHF,, HFC-125), 1,1.2,2straflucrosthane
{OHFCHFZ, HFC-134), 1,11 2-tetraftucroethane (OFCHF, HFC-134a),
1.1, 1-rifluoroethane (CFCH;, HFC-1433), 1, 1-diffucrosthansg {CHFCH;,
HFC-152a), fuorocethane (CH:CHF, HFC-1681), 1,111,223 .3~
heptafiucropropane (CF;CF.CHF;, HFC-227ca), 1.1,1,2,3.3.3-
hexaflucropropans {CHFCF.CHF,, HFC-236ca), 1,111,223
hexafluoropropane (CFCFCHF, HFC-236eb), 1,1.1.2.3.3-
hexaflucropropane (CFRCHFCHF,, HFC-236e3), 1,1.1.3,3.3-

- 46 -
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hexaflucropropane {CFCHCFy, HFC-2361a), 1,1.2.2.5-
pentaflucropropane {CHF,CF:CHoF, HFC-245¢a), 1,1,1,2,2-
pentafiuoropropane (CF;CFCHy, HFC-245ch), 1.1,2.3,3-
pemafiuoroprapane (CHF CHFCHF,, HFC-245¢8a), 11,125
pemtafluoropropane {(CFCHFCHF, HFC-245eb), 1,1,.1.3.3-
pentafluoropropans (CFCHCHE,, HFG-245fa), 12,2 3~
tetrafiuoropropane (CHFCF,CHLF, HFC-254¢a), 1,1.2.2-
tetrafiuoropropana {CHFCFCH;, HFC-254cb), 1,1.2 3-tetrafluoropropane
{CHFCHFCHF, HFC-2840a), 1,1,1 2-tetrafluoropropane (CFCHFCH;,
HFC-254eb), 11,3, 3tstralluoropropane (CHECHCHF 5, HFC-25413),
11,1, 3-¢etrafluoropropane {CFCHCHF, HFC-2541h), 1,1,1-
friffuoropropane {(CFCHCHy, HRFG-28310), 2 2-diffucrapropane
{CH:CF:CHs, HFC-272¢a), 1,2-diffuoropropane {CHFCHFCH;, HFC-
272ea), 1,3-difluoropropane (CHFCHCHF, HFC-272fa), 1.1~
diffuoropropane {CHFCH,CH,, HFC2721), 2-funropropanse
{CH;CHFCHg, HFC-281ea), 1-flucropropans (CH.FCH.CH», HFC-2811a),
1.1.2,2.3,3 .4 4-octafluorobutane (CHFCFCF,CHF;, HFC-338pee),
1,1,1,2,2 4 4 4-octafluorobutane {OF:CH.CFCF,, HFC-338mf), 1,1.1.3.3-
pentafluorobutane {CFCHCHF,, HFC-365mfe), 1.1.1,2,3,4,4,555-
decafluoropentane (CF:CHFCHFCFLOF,, HFC-43-10mee), and
1,.1.1.2.234.556,6,7 7 T-etradecafiuorcheptane
{CF:CFCHFCHFCFRCFOF;, HFC-83-14mese).

in another embodiment, the present compaositions may further
comprise gt least one hydrocarbon. The hydrocarbons of the present
invention comprise compounds having only carbon and hydrogen. Of
particudar utility are compounds having from about 3 to about 7 carbon
atoms. Hydrocarbons are commercially available through numerous
chemical suppliers. Representative hydrocarbons include but are not
limited to propane, n-butane, isobutane, cyclobutane, n-pentane, 2-
methylbutane, 2 2-dimethyipropane, cyclopentane, n-hexane, 2-
methyipentane, 2 2-dimethyibutane, 2, 3-dimethylbutane, 3-methyipentans,
cyciphexaneg, n-hepiane, and cyoloheptana.
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I anothey ernbodirnent, the present compositions may further
comprise gt least one additional compound which comprises hydrocarbons
containing heteroatoms, such as dimethylsther (DME, CH;0CH:. DME is
commercigily avaliable.

In another embodiment, the present campositions may further
comprise ammonia {(NHg), which is commercially available from various
SCUrCes or may be prepared by methods known in the art,

in another embadiment, the present compositions may further
comprise carbon dioxide (COgz), which is commercially avaiiable from
various sources of may be prepared by methads known in the art.

In one embodiment, the compositions of the present invention
may further comprise at least one lubricant selected from the group
consisting of mineral ofls, alkylbenzenes, poly-gipha-olefing, sificone oils,
polyoxyalkylene glycol sthers, polyol esters, poltyvinylethers, and mixiures
thereof. Lubricanis of the present invention comprise those suitable for
use with refrigeration or gir-conditioning apparatus. Among these
lubricants are those conventionally used in compression refrigeration
apparatus ulilizing chicroBuorocarbon refrigerants. Such ubricants and
their properties are discussed in the 1890 ASHRAE Handbook,
Refrigeration Systems and Applications, chapter 8, titled "Lubricants in
Refrigeration Systems”, pages 8.1 through 8.21, herein incorporated by
reference. Lubricants of the present invention may comprise those
gommaoanty known as “mineral oils” in the field of compression refrigeration
fubrication. Mineral aids comprise paraffins {L.e. siraight-chain and
branched-carbon-chain, saturated hydrocarbons), naphthenes {(i.e. qyclic
or ring structure saturated hydrocarbons, which may be paraffins) and
aromatics {i.e. unsaturated, cydlic hydrocarbons containing one or more
rings characterized by alternating double bonds). Lubncants of the
present invention further comprise those commonly known as “synthetic
oils” in the field of compression refrigeration lubrication. Synthetic oils
comprise alkylaryls (e lingar and branched alkyl alkylbenzenes),
synihetic paraffins and naphthanes, silicones, and poly-gipha-olefins.
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Represeniative conventional lubricants of the present invantion are the
sommercially available BVM 100 N {paraffinic mineral il sold by BVA
Qils]. napthenic mineral ol commercially available under the trademark
from Suniso™ 3G8 and Sunise® 5GS by Crompton Co., naphthenic mineral
of} commercially available from Pennzoll under the trademark Sontex™
372LT, naphthenic mineral ol commercially available from Calument
Lubricants under the trademark Calumet® RO-30, linear alkylbenzenss
commaercially available from Shrigve Chemicals under the frademarks
Zerol® 75, Zerof® 150 and Zerol® 500 and branched alkylbenzens, sold by
Nippon O as HAB 22.

In another embodiment, lubricants of the present inventfion
further camprise those which have been designed for use with
hydrofluorocarbon refrigerants and are miscible with refrigerants of the
present invention under compression refrigeration and air-conditioning
apparatus’ operating conditions. Such fubricants and their properties are
discussed in "Synthetic Lubricants and High-Performance Fluids™, R L.
Shubkin, editor, Marcel Dekker, 1083, Such lubricants include, but are not
firmited to, polval esters (POES) such as Castrol® 100 {Castrol, United
Kingdomj, polyalkyvlene glycols (PAGs) such as RL-488A4 from Dow {Dow
Chemical, Midland, Michigan), and palyvinyl ethers (PVEs).

Lubnicants of the present invention are selected by considering
a given comprassar's requirements and the environment to which the
fubricant will be exposed.

The compositions of the present invention may be prepared by
any convenient method to combine the desired amount of the individual
components. A preferraed method is to weigh the desired component
amounts and thereafter combine the components in an appropriate vessel.
Agitation may be used,  desired.

The present invention further relates 1o a method for stabilizing
a compaosition comptising T4, said method comprising adding an
effective amount of a stabilizer comprising at least oneg onic liguid.

~ 48 -«
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The present invention further relates 10 a process for producing
cooling comprising condensing & composition comprising at least one jonic
iguid and CFal; and thereafter evaporating said composition in the vicinty
of g body 1o be cooled.

A body to be cogled may be any space, iocation or object
requiring refrigeration or alr-conditioning. In stationary applications the
body may be the interior of a structure, 1.€. residential or commercial, or a
storage location for perishables, such as food or pharmaceuticals, For
mobile refrigeration applications the body may be incorporated info a
fransportation unit for the road, rail, sea or air. Cerlain refrigeration
systems operate independently with regards to any moving carrier, these
are known as “intermodal” systems. Such intermodal systems include
‘containers” {combined seaftand transport) as well as “swap bodies™
{combined road and rail transport).

The present invention further relates 1o a process for producing
heat comprising condensing a composition comprising at least ong jonic
guid and CFal in the vicinity of a body to be heated, and thereafter
evaporaling said composition.

A body to be heated may be any space, lncation or object
requiring heat. These may be the interior of structures either residential or
commaercial in a similar manner o the body {0 be cooled, Additionally,
mobite units as described for cooling may be similar to those requining
heating. Certain fransport units require heating to prevent the material
being fransportad from salidihing inside the fransport container,

It is not uncommon for air to leak into a refrigeration, air-
conditioning system or heat pump. The reaction with the oxygen in air
may lead {o oxidation of certain components of the system including the
working fluid, Thus, in anather embodiment, also disclosed s a method for
reducing degradation of a composition comprising CF i, wherein said
degradation is caused by the presence of inadvertent air, forexample in a
refageration, ar-condiioning or heat pump system, said method
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comprising adding an effective amount of stabilizer comprising at least one
tonic Higuid o the composition comprising CF;l

in another embodiment, aiso disclased 5 a method for reducing
reaction wilh oxygen for a composition comprising CF3l; said method
comprising adding an effective amount of stabilizer comprising al least ang

jonic Hiquid to the composition comprising GFal.

EXAMPLES
For the examples the following descriptions apphy
Ucon®™ PAG 488 is a trademark for a polyalkylens glycol jubricant
commercially available from The Dow Chemical Company. EmimBF; is 1-
ethyi-3-methylimidazoliun tetrafiuoroborate avaitable from Fluka (Sigma-
Aldrich} or BASF {(Mount Olive, NJ}.

EXAMPLE 1
Free fluaride determination for stabilizer before and after thermal exposure

Example 1 demonstrates that a dry ionie fluid is effective in
reacting with free acids formed during thermal exposure of a fluaronlefin,
at 178 °C. EmimBFs was obtainsd from BARF (Mourt Qlive, NJj and
several samples were tested for free fluoride wons by ion chromatography
both poor {o and after thermal exposure. The sample preparation is
described in ASHRAE/ANS] (American Society of Heating, Refrigerating
and Air-Conditioning Enginesrs and American National Standards
institute) Standard §7-2004,

The samples were prepared and analyzed as follows:

1. Metal coupons of copper, aluminum and steel were placed in thick
walled glass fubes,

2. Working fluld samples, including refrigerant (HFC-134a) and stabilizer
{(EmimBF4) in a 50:50 weight ratio werg added to the glass fubes as
described m the standard.

3. The tubes were sealed with a glass blowing torch.

~ 51 .
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4. The sealed tubes were hegted inan ovenfor 15 daysat 175 ° C.

5. After 15 davs, the sealed tubes were removed from the oven and

axamined and agnalyzed.

6. For the ion chromatography analysis, the contents of each tube was

[#3]

transferred to 8 begker and the tube was washed with bwo 5 mib

washes of pelroleum ether followed by one & mb wash of 3% aqusous

HNOs solution followsd by two & mib deilonized water washes (all

washings being added to the begker). Meatal coupons were removed

from the sample.

10 7. A Dionex ion chromatograph with oven, autosampier, aluent gensrator,

canductivity detector and gradient pump, models LC2BAS4UEG

A0/C020 IGP20 respectively and with an ionpac@ AG1TS column (4 x

150 mm) was used 1o measure free fluoride ion in all the samples.

15 Table 4 lists the conceniration of free fiuonde ion for 3 samples

in parts per biion {(pph). The samples were 1) a fresh sample not reated

by thermal exposure directly from container; 2) a "wet” sample, not dried

prior 1o thermal exposure; and 3} a dry sample, dried aver 3 mm molecular

siaves prior o thermal exposure. Water content was determined by

20 trabton using & Meltler Tolado DL39 Kart Fisher coulometric titrator,

at 175 °C

TABLE 4
Sampie Water conceniration | Fluoride ion
concentration, pph
Fresh EmimBFs 217 ppm 10162
Wet EmimBF., after 15 217 ppm 8055
days at 175 °C
Dry EmimBF,, after 15 days 6.7 ppm 3785

The data shiows thatl after heat exposure the BEmimBF, stabilizer

25  composition has lower free fluoride indicating t is acting as an acid

B
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scavenger. EmimBF,; added as a component in the blend absiracts acid
and hence the free fluoride meastred in the thermally exposed samples is
fower than the starting ionic flud.

EXAMPLE 2
Refrigeration system chemical stability

A chemical stability test is run under conditions described in
ASHRAE/ANSI {American Society of Heating, Refrigerating and Air-
Conditioning Engineers and American National SBtandards Instifute)
Standard 87-2004 to determine chemical stability of the stabiized
compositions of the present invention as comparad to compositions with
no stabilizers.

The procedurs is given here:

1. Metal coupans of copper, aluminum and steel are placed in thick
walled glass fubes.

2. Working fluid samples, including lubricant, are prepared with and
without stabilizers, and optionally with 2 volume % air added to

the fubs.

L

Samples are added 10 the sealed {ubes as dascribad iy the

standard.

4. The tibes are sealed with a glass blowing torch.

5. The sealed fubes are heated iy an oven for 14 days at the
specified femperature.

6. After 14 days, ihe sealed fubes are removed from the oven and

examined for metaliiquid appearance, proper volume of hguid,

appearance of glass, and absence of extraneous materials such

as metial fines.

e

Ratings are assighead o each sample based upon the following
criteria {per industry practicel:

1 = light changes on coupons and hiquids;

2 = light {o moderate changes on coupons of liquids;

3 = moderate to significant changes on coupons or kgquids;

~53 .
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4 = severe changes on coupons o liguids;
5 = extreme changes on coupons or liquids, L.e. black liquid or
coked with many deposits.
Table 5 lists estimated results for stabilizers of the present invention as
5 compared to unstabilized compasitions. The lubricant, Ucon™ PAG 488, is
combined with the working fuid (refrigerant) as set forth in Table 5 below

o produce a compaosition that was 50 wi% working fluid and 50 wit%

tubricant.
10 JABLE &
Stabilizer
weight parcent ) _
_ “ N . . With Temp, | Resulls -
Refrigerant | Lubricant | Slabilizer | in Refrigerant P )
o Zvoltt Alr} (") | Rating
fubricant
mixiure:
CFsl PAG 488 none 8 yes 130 5
CF PAG 488 inone Q i 130 4
CF4 PAG 488 [EmimBF, | 2 yes 130 3
CFsl PAG 488 ([EmimBF, 2 no 130 2

Estimates indicate improved chemical stability in the presence of

stabilizers with and without air present.

15 EXAMPLE 3
Refrigeration svstem chemical stability

A chemical stahility test s run under conditions described in
ASHRAE/ANS! {American Society of Heating, Refrigerating and Alr-
Conditioning Engineers and American National Standards Instifute)
Standard 97-2004, as descaribed for EXAMPLE 2, to determine chemical
stabilily of the stabilized compositions of the present invention as

bl
o]

compared to compositions with no stabilizers.
Table 6 lists estimates of visual appearance for each sampie as
descabed in the table. The lubncant was combined with the refrigerant to
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produce a compasition that was 50 wi% refrigerant and 50 wi% lubricant.

All samples were free of air and were exposed to 130 °C for 2 weeks.

used alone.

TABLE S
Stabilizer weight
parcant in -
o . - P ‘ Visual
Refrigerant Labricant Stabilizer Refrigerant eatin
Aubricant g
mixture:
CFy PAG 488 none ¥ 5
OF4l PAG4ss | CTIMBF 2 3
CFal FPAL 488 Tacopherol ) 3
Tocopheral
CFd PAG 488 + EmimBF, 2 2
{11 wiratio)
5
The above estimates indicale improved chemical stabilty of CFyl
cortaining compositions in the presence of stabilizers as disclosed herein
with and without air present. A greater improvement is indicated for the
combination of tocopherolfEmimBFR 4 wherein the total concentration is the
10 same as the tpcopherol or EmimBF, when either of these stabilizers is
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CLAIMS
What is claimed is:
1. A composition comprising at least one ionic liguid and CFal.

o
%4

The composition of claim 1 wherain said ionic liquid comprises at

jeast ong cation selected from the group consisting of:

10

fmidazohium

T

Pyrazolium
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RT
Nf |
2\
G-
§ R
Thiazolium Oxazolium
R’
/s
=N
b o
R?
5 Triazolium
R’ R7
| |
() Y
R FW R® and R1L. NQN RY
‘ I
4]
R R®
Fhosphonium Ammonium

wherein R R?, RY, R?, R® and R® are each independently selected from
the group consisting of
10 {i} H;

{ii} halogen,

{iiy  -CHs, -CaMs, or Gy to Gy straight-chain, branched or
cyclic alkane or alkeng, oplionally substituted with at
lsast one member selected from the group consisting

15 of CI, Br, F, I, OH, NH; and 8H;

{iv) ~CH;, -CzHs, or Gs to Cys straight-chain, branched or
cychic alkane or alkene comprising one to three
heterogtoms selecied from the group consisting of O,

~ &7 -«
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N, 8i and S, and oplionally subslituted with at least
one member selected from the group consisting of Cl,
Br, F, 1, OH, NH: and SH;

g to Cop unsubstituted arvl, or s to Cas unsubstituted
hetercanyl having one o three heteroatoms
independently selected from the group consisting of
G, N, Sand 5 and

Ce to Gy substituted aryl, or Ci to Gy substituted
heteroaryd  having one  to  three helerostoms
independently seleclted from the group consisting of
O, N, 8 and S; wherein said substifuted aryl or
substiluted heteroaryt has one to three substituents
independently selected from the group consisting of:

1. -CHa, -CaMs, or Gz fo Gz straight-chain,
branched or cyclic alkane or slkene, optionally
substituted with at least one member sslected
from the group consisting of Cl, Br, F 1, OH,
NH, and SH,

2. QH,

3. NHp and

4. 8H: and

wherein 8, R®, R®, and R" are each independently selected from the

group consisting oft

{vit}

-CHs, ~CoHg, or Gy to Cys straight-chain, branched or
cyclic alkane or alkens, oplionally substituted with at
ieast one member selected from the group consisting
of G, Br, F, §, OH, NH; and SH;

~CHa, ~CaMHs, or Ca fo Cys straight-chain, branched or
cyclic alkane orf aglkene comprising one o three
heterpatoms selected from the group consisting of O,
N, & and S, and oplionally substituted with at least
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one mamber selacted from the group consisting of T,
Br, F, 1, OH, NH; and SH;

{ix)  Cato Gy unsubstituted ard, or C; to Cas unsubstituted
hetercaryl  having one W  three heteroatoms
independently selected from the group consisting of
0O, N, Siand §; and

) Cs fo Cg substitted anyl, or Cz o G substituted
heteroaryl  having one fo  three heleroatoms
independently selected from the group consisting of
O, N, & and &, wherein said substhied aryl or
substittted hetfercaryl has one to three substituents
independently selected from the group consisting of

{13-CHs, -CoHs, or Gy fo Gy straight-chain,
branched or cyclic alkane or alkens, optionally
substituted with at least one member selacted
from the group consisting of Cf, Br, F, {, OH,
NH; and SH,

(2) OH,

{3) NHp.and

{4} SH; and

whersin optionally atleast two of R', R, R®, R, R R* R’ R®, R®, and R
carn togsther form a cyclic or bicyclic alkanyl or alkenyl group.

3 The composition of claim 2 wherein any one of, or any group of
more than ong of, R, R°, RY R* R®, R® R". R® R¥and R™
comprises F-

4. The composition of claim 1 wherein an ionic iquid comprises an

anion selected from the group consisting of [CHCO.T, HSO.],
[GH@GSQ“}"‘ [C:Hs080:], [AICH], {CQ%]: IHCOs], INQGT, INOST,
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SO, [POTT, [HPOW, [HAPCLT, [HSOT, [CuChy, CF, Br, 1,
SCN and any fluorinated anion.

The composition of claim 3 wherein the fluorinated anion is selected
from the group consisting of [BF.], [PFsT, [SbFs], [CF:S0sT,
[HCFCF38Gs], [CFHFCCF80:), [HOCIFCF 80T, [{OF:80::NT
, HOF3CF:80:0NT, {CFSQC0T, [CRCOT, [CFQCFHOF80,],
[CFCR0CFHCE, S0, [CRCFROCFCRS0],
{CFHOF0CFCF8Q4], [OFACFOCFCF80s],
[CFCF0CFCF,804], [{CFHCF.80::N]., [{CF:CFHCFS0;:1:NT,
and ¥

The composttion of claim 1 further comprising at least one additional
compound setected from the group consisting of fluorooiefing,
hydrofluorocarbons, hydrocarbons, dimethyl ether, carbon dioxide,
ammornia, and mixtures thereof,

The compaosition of claim 1 further comprising a lubricant selected
from the groups consisting of mineral ails, alkyibenzenes, paly-
alpha-olefins, silicone ails, polyoxyatkylene glycol ethers, polyol
asters, polyvinylethers, and mixtures thereof.

The composition of claim 1 further comprising at least one
addibonal stahilizer selected from the group consisting of phenaols,
thiophosphates, bulylated friphenyviphosphorothionates, organo
phosphates, phosphites, aryl atkyl ethers, terpenes, terpenoids,
fullerenes, polyoxyaikylated aromatics, alkylaled aromatics,
apoxides, fucnnated epoxides, oxatanes, laciones, amines,
atikyisilanes, benzophenone derivatives, thiols, thioethers, aryl
sulfides, divinyl terephalate, diphenyt ierephalate, ascorbic acid,

nitromsthane, and mixtures thersof.

-~ 50 -
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b.

The compaosition of claim 8 wherein:

the phenols comprise at least one compound selecied from the
group consisting of 2,6-di-tert-butvi-d-methyiphenol; 2.6-ditert-
butvi-4-sthyviphenal, 2 4-dimethyi-6-tertbutyiphenoct; tocopherol;
hydrogquinone; t-butyt hydroguinone; 4 4 -thio-bis{Z2-methyl-8-tert-
butylphenol);, 4 4-thiobis(3-methyl-8-ertbutylphenol); 2,2'-thiobis{¢-
methyl-6-tert-butyiphenal); 4,4’ -methyienebis(Z 6-di-tert-
butylphenatl); 4,4-bis(2 6-di-tert-butylphenol); 2,2 -methylenshis{4-
athyl-6-tertbutylphenol); 2 2-methylenebis{d-methyl-G-tert-
butviphenol); 4 4-butylidenebis(3-methyl-6-tert-bulyviphenol); 4.4~
isopropylidensbis(2 6-di-tert-butylphenal}; 2,2 -methyleenbis{4-
methyl-B-nonyiphenol); 2 2-isobutylidenabis{4,6-dimethyiphenol;
2.2 -methylenebis{(d-methyl-6-cyclohexyiphenol, 2,.2'-
methylensbis{4-ethyl-8-tert-butylphenol); butylated hydroxyl tolusne
{BHTY; 2 8-di-tert-alpha-dimethylamino-p-crasol; 4 4-thiobis{6-terl-
butyl-m-cresol; acylaminophenols; 2 8-di-tert-butyl4{N N~
dimethylaminomethyiphenol), bis{(G-methyl-4-hydroxy-S-tert-
butyibenzylisulfide; bis(3,5-di-tert-butyl-d-hydroxybenzylisuifide and
mixtires thereof,

the thiophosphates comprise at least one compound selected from
the group consisting of monothiophosphates, dithiophosphates,
trithiophosphates, diatkyithiophosphate esters, and mixiures
thersof;

the butylated triphenviphosphorothionates comprise at least one
compound represented by Formula A

~ 1 -
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Formula A

whereain each R is independently selected from H or tert-bulyt;

d.

the organophosphates comprise at least one compound selected
from the group consisting of amine phosphates, trialikyl phosphates,
triaryl phosphates, mixed alkyl-aryl phosphates, cydlic phosphates,
and mixtures thereof;

the phosphifes comprise at least one compound selected from the
group consisting of tris<(di-tert-butyiphenyl} phosphite, di-n-octyl
phosphite, iso-decyl diphenyl phosphite, and mikiures thersof;

the aryl alkyl ethers comprise at least one compound represanted
by Formula B;

[

e {OR

=

Formula B

wherein riis 1, 2 or 3 and R is an atkyl group of 1 to 16 carbon atoms;

g.

the terpenes comprise at least one compound selected from the
group consisting of isoprene, myrcene, allo-cimene, beta-ocimene,
terebene, imonane, retingl, pinene, menthol, geranial, farnesol,
phytol, Vitamin A, terpinene, deita-3-carene, terpinolens,
phellandrene, fenchene, dipentene, and mixtures thereof, and

~ (7«
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the terpenoids comprise at least one compound setected from the
group consisting of iycopene betacarotene, zeaxanthin,
hepaxanthin, and isetretinoin, abietane, ambrosane, aristolane,
atisane, beyerang, nsabolane, bornane, caryophyllane, cedrane,
dammarang, drimane, geremophilane, eudesmane, fenchane,
gammacerang, germacrang, gibbane, grayanotoxane, guaians,
himachalang, hopane, humulane, kaurane, labdans, lanostane,
fupane, p-menthane, gleanagne, ophiobolane, picrasane, pimarans,
pinaneg, podocarpane, protostane, resane, taxane, thujane,

trichothecane, ursane, and mixfures thersof;

the fullerenes compnse at least one compound selected from the
group consisting of Buckminsterfullerene, {5 8lfullerene-Uyy,
fillerene-Cre, fullarene-Crs, fullerens-Cyy, and mixtures thereof

the polyoryalkylated aromatics comprise at least one compound
represented by Farmula A, wherein the R’ group is a
polyoxyalkylated group comprising at least one ~LHCHO-~ moisty;

the atkylated aromatics comprise at least one linear or branched

alkylbenzene jubricants;

the epoxide stabilizers comprise al least one compound selecied
from the group consisting of 1,2-propylene oxide, 1. 2-butylense
gxide, butyiphenyiglycidy ether, pentviphenyiglycidyt ether,
haxylphenvigivoidyl sther, heptylphenylglycidy ether,
octylphenviglycidyl ether, nonyiphenyiglycidyl ether,
decyiphanyiglvaidyl ether, glycidyl methyiphenylether, 1 4-ghycidyt
phenyt disther, 4-methoxyphenyiglycidyl ether, naphthyl glvaidyl
ather, 1,4-diglycidyt naphih disther, butviphenyl glycidy ether, n-
butyl glycidyl ether, isobuty! glycidyl ether, hexanedial dighyoidw
sther, aliyl glycidyl ether, polypropyiena glycol dighycidyl ether, and
mixiures thereof,

the fluorinated epoxides comprise at least one compound
represented by Formula €
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Formula C

5 wherein each of R2 through RS is H, alkyl of 1 - 6 carbon atoms or
fluoroatkyl of 1-6 carbon atoms with the proviso that at least one of

RZ through RS is a flucroalkyl group;

n. the oxetanes comprise atl least one compound represented by

Formula D:

10 Formula b

wherein R+Rg are independently selecied from hydrogen, altkyt or
substituted alkyl, aryl or substituted any;

o} the lactones comprise at least one compound selected from the
group consisting of gamma-butyrolactone, delta-gluconalactone,
158 gamma-undecalacione; §,7-dihydro-4(5H}-benzofuranone; 5.7-
his{1, 1~dimethylethyl}-3-{2 3{or 3,4 »-dimethylphenyl]-2(3H)-

benzoluranone, and mixtures thereof;

D the amines comprise at least one compound selected from the
group consisting of triethylamine; tibutylamine; dilsopropylamine;
20 {rilsopropylamine; friisobutylamine; p-phenylenediamine;
diphenylamine; N-{1-methylethyl}-2-propylamine; 2,2.8,6-
tetramethyi-4-piperidoneg; 2,2 8, 6-letramethyl-4-pipendinol; bis-
{1,2.2.8 6-pentamethyipiperidyl), di{2.2.6 S-tetramethyl-4-

~ 4 -
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piperidylisebacate; paly-(N-hydroxyethyl-2 2 8 6-tetramethyl-4-
hydroxy-pipetidyl succinate; N-phenyb-N-{1.3-dimsthylbutyl}-p-
phenyienediaming; N N'-di-sac-butyl-p-phenyiensdiamine; tallow
amines, N-methylbis{hvdrogenated taliow alkyllamine; phenol-
atpha-naphiindamine, and mixiures thereof,

{he alkyl silanes comprise at least one compound selacted from the
group consisting of bis{dimethylaminoymsthylsilane,
fris{inmethylsiiylisiane, vinyltnethyoxysilane, vinylitnmethoxysilane,
and mixtures thereof;

the benzophenone derivatives comprise at least one compound
salected from the group consisting of 2, 5-diffuorohenzophenone;

2 S-dihydroxyacetophenone; 2-amingbenzophenaone; 2-
chivrohenzophenone,; 2-fluorobenzophenons; 2-
hydroxybenzophenone; 2-methyibenzophenone, 2-amino-4'-
chiorobanzophenone; 2-amino-4’-fluorchenzophenoneg; Z-amine-5-
bromo~-2-chiorobenzophenone; 2-amino--chivrobenzophenone; 2-
amino-S-chloro-2'-flucrobenzophenone; 2-amino-b-
nitrobenzophenone; Z-amino-5-nitro-2'-chiorobenzophenone; 2-
amino-2', 5-dichiorobenzophenone; 2-chiorg-4-
fluorobenzophenone; 2-hydroxy-4-methoxybenzophenone; 2-
hydroxy-G-chiorobenzophenone; 2-methylamino-G-
chiorobenzophenone; 3-methyibenzopheanone; 3-
nitrobenzophanone; S-nitro-4'-chloro-4-flunrobenzophanons; 4-
chiorobenzophenong; 4-fluorchenzophenone; 4-
hydroxybenzophenone; 4-methaxybenzophenone; 4~
methylibenzophenone; 4-nitrabenzophenons; 4-
phenvibenzophenong; 4-chioro-3-nitrobenzophenong; 4-hydroxy-4'-
chiorobenzophenone, 2 4-dihydroxybenzophenons; 2 4-
dimethyibenzophenone; 2 5-dimethylbenzophenons; 3,4-
diaminobenzophenone; 3 4-dichlorohenzophenone; 3.4-
diffuorobenzophenone; 3 4-dihydroxybenzophenons; 3.4~
dimethyibenzophenons; 4 4-bis{diethyviaming)benzophenone; 4,4~

- 65 .
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10,

bis{dimethytaminejbenzophenone; 4 4'-dichiorobenzophenone;
4 4'-diftuorcbenzophenone; 4 4'-dihydroxybenzophenone; 4 4~
dimethoxybenzophenone, and mixiures thereof,

the thiols comprise at legst one compounds sslecied from the group
consisting of. methansthicl, ethanethiol, Cosnzyme A,
dimercaptosuccinic acid, grapefruil mercaptan, cysteine, and
ipoamide, and mixtures thereof;

the thipethers comprise at least one compound selected from the
group consisting of: benzyl phenyl sulfide, diphenyl sulfide,
dioctadecyt 3,3 -thivdipropionate, didedecyl 3 3'-thiopropionate, and
mixtures thereof, and

the aryl sulfides comprise at least one compound selected from the
group consisting of benzyl phenyt sulfide, diphenyt suifide, and
dibenzyl sulfide, and mixtures thereof.

The composition of claim & wherein said fluoronlefin is at least one

compound selected from the group consisting of:

() fluoroolefins of the formula B~ or Z-R'CH=CHR?, wherein

R’ and R? are, independently, C: fo Gy perfiuoroalky! groups;

{iiy cyche Buorcolefins of the formula oyclo-[CX=CY{CIW -],

whersin X, Y, Z, and W independently, are HorF, andnis

an infeger from 2 to &; and

{iity fluproclefing selected from the group consisting of

tetrafiuoroethyiene {CFe=CF;); hexafluoropropene
1,1.3,3.3-pentafiuore-1-propene (CF=CHCF3), 1,1.2.3.3-
pentafluarg-t-propene (CFy=CFCHF:), 1,2 3 3-detrafluore-1-
propane (CHF=CFCHF;), 2,33 3-tetrafluoro-1-propene
{CH=CFCFy), 1.3.3 3-tetraftuoro-1-propensCHF=CHCF3), 1,1,2,3-
tetrafluoro-1-propens (CF:=CFCH;:F), 1.1.3, 3tstraflucro-1-propene
{OF .=CHUHF ), 1,2,3, 3tetrafluore-t-propene (CHF=CFUHF ),

- 66 -
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3.3, 3-triffuore-1-propene (CH=CHUOF), 2,3, 3-nfluore-1-propene
{CHFCF=CH,Y, 1. 1. 2-trifluoro-1-propene (CH;CF=CFy); 123~
trifluoro-1-propene (CHFCF=CF;): 1,1, 3-trifluoro-1-propene
{CHFOH=CF:); 1,3 3-ifluoro-1-propene (CHF2CH=CHF);

1.1.1.2.3,4 4 doctaflucro-2-butene (CFLF=CFCFs);
1,1.2.3.3.4 4 4-octaftuoro-1-butene (CFCF,CF=CFyy 1.1.1.2.4.4.4-
heptafluore-2-hutene (CFCF=CHCF:): 1,2.3.3.4 4 4-heptafiuore-1-
butene {CHF=CFCF:CF3); 1,1,1,2,3 4 4-heptafluoro-2-bulene
{CHF,CF=CFCF3}; 1.3,33-tetraflucro-2-(triflucromethyl}-1-propene
{CF=CHCF:CF3); 1,1,2,.3.4.4 4-heplafluore-1-butense
{CF=CFCHFCF:) 1,1,2,3,3 4 4-heptafluoro-1-butene
{CF=CFCF,CHRF) 2.3.3.4 4 4-hexafluoro-1-butens
{OF30F:0F=CH:Y; 1.3.3.4 4 4-hexafluoro-1-hulene
{CHF=CHUOFOF;3); 1,2,3.4 4 4-hexafluoro-1-butene
{CHF=CFCHFCF:); 1.2.3.3 4 4-hexafluoro-1-butens
{CHFE=CFCFCHFg) 1,123 4 4-hexafluoro-2-butene
{CHFCF=CFOHF 1,1,1,2,.3 4-hexafluore-2-bitene
{CHFCF=CFCF3), 1,1,1,2 4 4-haxafluoro-2-butens
{CHF,CH=CFCF3); 1,1,1.3 4 4-hexafluoro-2-hutene
{OFsCH=0FCHF2): 1,1.2.3.3 4-hexafluoro-1-butene
{CF=CFCF.CHFY, 1,1.2,3.4 4-hexafluoro-1-butene
{CF=CFCHFCHF) 3,3, 34rifluore-2-{trifluoromethyl - 1-propene
{CH=C{CFank 1.1.1.2 4-pentafluoro-2-hutene (CHFCH=CFCF;,);
1,1.1.3 4-pentafiuore-2-butene {CF:CH=CFCH:F), 3,344 4-
pentafluore-t-butene (CFCF,CH=CH,); 1,1,1.4 4-pentafiuore-2-
butene (CHF;CH=CHCF:); 1,1,1,2 3-pentafiuoro-2-butense
{CHCF=0CFCF3); 2.3,3 4 4-pentafiuoro-1-bulens
{CHa=CFCF,CHF 3 1,1,2 4 d-pentafiuore-2-butene
{CHF,CF=CHCHF,); 1,1.2.3,3-pentaflucro-1-butene
{CHLOFOF=CF); 1,1.2,3 4-pentafiucro-2-butene
{CHFCF=CFCHF,) 1,1.3,3 3-pentafluore-2-methyi-1-propene

~8F -
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{CF:=C{CF: 0 CHa), 2-(difluoromethy)-3,3,3-rifluoro-1-prapene
{CH=C{CHFCFY: 2,3 4 4 4-pentafluoro-1-butene
{CH=CFCHFCE;); 1.2.4 4 4-pentafluaro-1-butense
{CHF=CFCHCRLY, 1,.3.4 4, 4-pentafiucro-1-butene
{CHF=CHCHFCF2), 1,33 4 4-pentafiuoro-1-butene
{CHF=CHCFCHF;), 1,2,3.4.4d-pentafluoro-1-butene
{CHF=CFCHFCHF:); 3,3 4 4-tetraflucro-1-butene
{CH=CHCF:CHF) 1,1-diffuore-2-(diflueromethyi}-1-propene
{CF=C{CHFHOH)), 1,33, 3 tetrafluoro-2-maethyl-1-propens
{CHF=C{CF3)(CHs1; 3. 3-diffuoro-2-{diffuoromethyl}-1-propene
{CH=C{CHF1:) 1,1.1, 2-tetrafiucro-2-butene (CFCF=CHCH:):
1.1,1, 3tetraflucro-2-butene (CHaCF=CHCF:), 1,1,1.2.3.4.4,55
decafluoro-2-pentene (CF;CF=CFCFCF3); 1,1.2.3,3.44,5,55-
decafluoro-1-pentene {CF=CFCFCFCFs); 1.1,1.4.4 4-hexafluoro-
2-{triflucromethyl}-2-butene ({CF1:C=CHCF3};, 1,1,1,2.4.4,5.5,5-

5.

H

.......
......

.....

nonafluoro-1-pentene (CF:=CHCFCF:CF:) 1,1,2.33 44,55
nonafluoro-1-pentene {CF=CFCF;CFCHF), 1,1.2,34,4,5,5.5-
nonafluore-2-pentens {CHFOF=CFCF:CF3); 1,1,1.2,3.4.4,5.5-
nonafluore-2-pantene (CF;CF=CFCFCHF.); 1,1,1.2,3.4,55,5-

3-{triffluoromethyl-1-butene (CHF=CFCFCFan): 1.1,24.4.4-
hexafluore-3-(Influoromethyl)- 1-butene (CF=CFCH{CFa) o)
1.1.1.4.4,4-hexafiuoro-2-(riffuoromethyly-2-butens
{CFCH=C{CF 1)), 1,1,3,4 4 4-hexafluore-3-{friflucromethyi}-1-
butene {(CF=CHCF{CF;)k); 2.3,3.4,4,5,5.5-cctafiuoro-1-pentene
{CH:=CFOFCF20F 3 1,2,3,3.4.4.5 5-octafiuora-1-penteng
{CHF=CFCFCF;CHF;) 3,3 4 4 4-pentafiuore-2-{trifiucromethyi}-1-
hutene {(CHx=C{CF)CF,CF3); 1,144 4-pentafludroe-3-
{riflucromethyi}-1-budene (CFy=CHCOH{CF:));, 1344 4-
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pantafluoro-3-{trifluoromethyi}-1-butena {CHF=CHCF{CFs}:}
1,1.4,4 4-pentafiuore-2-{iriffucromethyi}-1-butens
{CF=C{CF)CHCF:); 3.4 4 d-tetrafluoro-3-{trifluoromethyl)-1-
butena ({CF3pCFCH=0H:) 3,344,585, 6-heptafiuoro-1-pentene
{CFCF:CFCH=CHaY, 2,3,3,4,4,5, 5-heptafluoro-1-pentene
{CH=CFCF.CFCHF2): 1,1,3,3,5.5 5-heptafluoro-T-butene
{CF=CHOFCHCF3) 1.1,1.2.4.4 4-heptafiuora-3-methyl-2-butene
{OF;CF=C{CF){CHa); 2,44, 4-tetrafluore-3-(irifluoramethyl - 1-
butene (CHy=CFCH{CFskh); 1.4.4 4-tetrafluore-3-{Iriflucromethyli-1-
butene (CHF=CHGH(CFO:): 1.1, 1 4-etrafivore-2-{trifflucromethyl -
2-butene {CHFCH=CICF 1) 1.1, 1, 34etratfuoro-2-{trifluoromethyl)-
Z-butene (CHCF=C{CFa)y 1,1, tnfluoro-2-(triflucromathyl)-2-
butene ((CF3)C=CHCH;) 3.4,4,5,5 5-hexafluoro-2-pentene
{CF;CF0F=CHCH:), 1,1,1,4,4 4-hexafluoro-2-methyl-2-butene
{OF;C{CH31=CHOF:); 3,3.4,5,5.5-hexafluoro-1-pentene
{CH=CHOFCHFCF:); 4.4 4-nifluore-2-(triffuoromethyl}-1-butene
{CH=C{CF)CHCF3) 1,1,2,3,3,4,4,5,5 6 .6 6-dodecafluoro-1-
hexene (CFYCFLCF=CF,); 1,1,1,2,2,3.4,5,5 6,8 8-dodecatiuoro-3-
hexene (CF;CFCF=CFCF,CFy) 1,114 4 4-hexafluoro-2 3-
bis(triflucromethyl)-2-butene (CFC=C{CF)), 1,1.1,2,.34,5.5.5-
nonafluore-4-{infucromethyi-2-pentens ({CF3pCFCF=CFCF3);
{{CF:RC=CHGCF:); 1.1,1.3.4.5,5 5-octafluoro-4-{triflucromethyl)-2-
pentene ((CF:pCFCF=CHCF4), 3.3,4.4.5,5,6 6 6-nonafluore-1-
hexene {CF:CF;CFCFCH=CH:) 4,4 4-4rifluore-3,3-
bis(triffuoromethyiT-butene (CH=CHC{CF ) 1,1,1,4 4 4~
hexafluoro-3-methyl-2-(tafluoramethyl)- 2-butene
{{CF31:C=C{CH){CF)); 2.3.3,5,58 5-hexafluaro-4-{triflucromethyvi)-1-
penteng (CH=CFCF,CH(CF:)e) 1,1,1.2.4.4,5,5,5-nonaffuoro-3-
methyl-2-pentensg {CFCF=C{CH)CF:CF4) 1,1.1.5,5 5-hexaflucro-
4-{triffuoromsthyl-2-pentene (CFCH=CHCH{CF):);

3,4,4,5.5,.8,8 8-octaftucre-2-hexane (CFsCFCF,CF=CHOHa),

~ 58 -
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3,344 .55.6,6-octaftuorot-hexene {CHy=CHCF CFCFCHF)
1,1.1,4 4-pentafluore-2-{iriffuoromethyi}-2-pentene
{{CF;RpC=CHCFCHs), 4.4,5,5 5-pentaflucro-2-{tnflucromethyl)-1-
pemtene {CH=C{CFCHCoFs); 3,3,4.4,5,5 B-heplafiuore-2-methyl-
1-pentene (CFCFCFC{CH=CHy) 4.4,5.5,6.6 8-heptafluoro-2-
hexene (CF;C0FCF,CH=CHCH,); 4.4.5 .56 6 &-heptafiuoro-1-
hexene (CHz=CHCHCOFG.Fs) 1,1,1,8.2,.3,4-heptafiuoro-3-hexens
{CF;CFCF=CFCeHs); 4,5,5,5-fetrafluoro-4-rifluorornethyly-1-
parfens (CH=CHCHCF{OF ) 1,1,1,2,5,5,5-heptafluoro-4-
methyl-2-penteng {CFOF=CHOH(CF{CHa); 1,1, 1 3-tetrafluoro-2-
{triffucromethyl-2-pentene {CF:)C=CFCHs);
{CFCF=CFCFCFCoFey; 1,1,1,2234 5568777
tetradecafiuoro-3-heptene {(CFCFCF=CFRCFCaFs);
1.1,1.34.4.55,6,6,7.7 7-trudecafiuoro-2-heptene

heptene (CF;CF=CHCFCFCoFs) 11,1224 585886867 .7.7-
tridecafiuoro-3-heptene (CF;CF,CH=CFCFCoFs), and
1.1.1.2.2,3,5,5,6,6,7.7 T-tndecafluoro-3-heptene
{CFCFCF=CHCF:CaFs).

The compaosition of claim 1, further comprising a matal deactivator
selected from the group consisting of areoxaly
bisthenzylidenehydrazide; N N-bis(3 5-di-lert-butyl-4-
hydroxyhydrocinnamoythydrazing), 2.2 -oxamidobis-ethyl{3,5-d-
tert-butyl-d-hydroxyhydorcinnamate), NN -(disalicyclidene)-1,2-
propanediaming; ethyenadiaminetetraacetic acid and salls
thereot, tnazoles; benzotriazole, 2-mercaplobenzothiazole,
tolutriazole dervatives, N N-disalicylidene-1, 2-diaminopropane,
and mixtures thereof

~70 -



[#3]

10

15

WO 2009/042855 PCT/US2008/077837

12.

13

14.

A process for producing cooling comprising condensing the
composition of claim 1 and thereafter svaporating said
composition in the vicinity of & body to be covled.

A process for producing heat comprising condensing the
composition of claim 1 in the vicinity of 8 body to be heated, and
thereafter evaporating said compasition.

A method for reducing degradation of a composition comprising
CFsl, wherein said degradation is caused by the presence of
inadvertent air in a refrigeration, air-condiioning or heal pump
systerr, said method comprising adding an effective amount of at
least one lonic liguid to the composition comprising CFsl

A method for reducing reaction with oxygen for a composition
comprising CF3; said method comprising adding an sffective
amount of stabilizer comprising at jeast one ionic liquid to the

composition comprising CFsl.
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