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TITLE OF INVENTION

 COMPOSITIONS COMPRISING IODOTRIFLUOROMETHANE AND
' STABILIZERS

BACKGROUND OF THE INVENTION .
1. Field of the Invention.

The present invention relates to compbsitions comprising

" jodotrifluoromethane and_at least one stabilizer. The stabilized

compositions may be useful in cooling systehs as replacements for
existing working fluids with higher global waming potential.
2. Description of Related Art.

New environmental regulations on refrigerants have forced the
refngeratlon and air-conditioning industry to look for new refngerants with
low global warmmg potential (GWP).

Replacement refrigerants (and other working ﬂmds) are being
sought that have low GWP, low toxicity, _non—ﬂammabmty, reasonable cost
and excellent performance. '

lodotrifluoromethane (CF3l ) has been proposed as a
refrigerant, alone or in mixtures. To prevent possible instability of the
iodotrifluoromethane at the extremes of system operation (especially at
high temperatures), it is desirable toAadd specific compounds that increase
the stability (e.g., stabilizers) of iodotrifluoromethane in refrigeration, air-
conditioning, and heat pump systems and the like. '

The present.invention provides a stabilized composition
comprising at least one fluoroiodide that may be useful as a low GWP
working fluid or refrigerant. |

SUMMARY OF THE INVENTION
The present disclosure provides a composition comprising

iodotrifluoromethane and an effective amount of at least one stabilizer
selected from the group consisting of phenols, thiophosphates, butylated
triphenylphosphorothionates, organo phosphates, phosphites, terpenes,
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terpenoids, epoxides, fluorinated epoxides, oxetanes, ascorbic acid, thiols,
lactones, thioethers, amines, nitromethane, alkylsilanes, benzophenone
derivatives, aryl sulfides, divinyl terephthalic acid, diphenyl terephthalatic
acid, ionic liquids, and mixtures thereof.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a composition comprising

iodotrifluoromethane and an effective amount of at least one stabilizer.

- These compositions have a variety of utilities in working fluids,
which include use as foaming agents, blowing agents, fire extinguishing
agents, heat transfer mediums (such as heat transfer fluids and
refrigeranfs for use in refrigeration systems, refrigerators, air conditioning
systems, heat pumps, chillers, and the like), to name a few.

A heat transfer fluid (also referred to herein as a heat transfer
composition or heat transfer fluid composition) is a working fluid used to
carry heat from a heat source to a heat sink.

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

~ lodotrifluoromethane (also known as trifluoromethyl iodide or
CFal) is commercially available from various sources or may be prepared
by methods known in the art.

It is known in the art that iodotrifluoromethane can undergo
degradation by any of various mechanisms (e.g., due to exposure to high
temperature) or when in contact with other substances (e.g., moisture or
oxygen) that may be present in a particular use and/or application. Such
degradation may occur when iodotrifluoromethane is utilized as a
refrigerant or heat transfer fluid. In certain embodiments, the degradation
may be caused by instability of the compounds at extreme temperatures.
In another embodiment, degradation may be caused by reaction with
oxygen present in air that is inadvertently allowed into a system containing
iodotrifluoromethane. Whatever reaction pathway that may be responsible
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for the degradation, certain stabilizer compounds have been dlscovered

~ that reduce the degradation to an extent that make the use of _

iodotrifluoromethane as working fluid in, for instance, refrigeration, air-
conditioning, and heat pumps -or as refrigerants or ﬁeat transfer fluids
possible. , , - »

The present invention provides compositions comprising
iodotrifluoromethane and at least one stabilizer selected from the group
consisting of phenols, thiophosphates, butylated

. triphenylphosphorothionates, oi'gano phosphates, or phosphites, aryl alkyl’

ethers, terpenes, terpenoids, epoxides, fluorinated epoxides, oxetanes,
ascorbic acid, thiols, lactones, thioethers, amines, nitromethane,

" alkylsilanes, benzophenone derivatives, aryl sulfides, divinyl terephalic

acid, diphenyl terephalic acid, ionic liquids, and mixtures thereof.

o In one embodiment the stabilizers of the present iﬁvention
comprise hindered phenols. Hindered phenol stabilizers are any
substituted phenol compound including ph.enols comprising one or more
substituted or cyclic, straight chain, or branched aliphatic substituent
group, such as, alkylated monophenols including 2,6-di-tert-butyl-4-
methylphenol; 2,6-di-tert-butyl-4-ethylphenol; 2,4-dimethyl-6-
tertbutylphenol; técopherol; and the like, hydroquinone and alkylated
hydroquinones including t-butyl hydroquinone, other derivatives of
hydroquinone; and the like, Ahydroxylated thiodiphenyl ethers, including
4,4'-thio-bis(2—methyl-6-tert—butylphehoI); 4,4'-thiobis(3-methyl-6—
tertbutylphenol); 2 2’—thiobis(4methyl-6-fe§'t-butylphenol)' and the like,

. alkylidene-bisphenols including,: 4,4’-methylenebis(2,6-di-tert-

butylphenol); 4,4’-bis(2,6-di-tert-butylphenol); derivatives of 2,2'- or 4,4-
biphenoldiols; 2,2’-methylenebis(4-ethyl-6-tertbutylphenol); 2,2'-
methylenebis(4-methyl-6-tertbutylphenol); 4,4-butylidenebis(3-methyl-6-
tert-butylphenol); 4,4-isopropylidenebis(2,6-di-tert-butyliphenol); 2,2'-
methylenebis(4-methyl-6-nonylphenol); 2,2’-isobutylidenebis(4,6-
dimethylphenol; 2,2'-methylénebis(4-methyl-6-cyclohexylphenol, 2,2-or
4.4- biphenyldiols including 2,2’-methylenebis(4-ethyl-6-tert-butylphenol);
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: butylated hydroxytoluene (BHT, or 2,6-di-tert-butyl-4-methylphenol),

bisphenols comprising heteroatoms including 2,6-di-tert-alpha-
dimethylamino-p-cresol, 4,4-thiobis(6-tert-butyl-m-cresol); and the like;

' acylaminophehols; 2,6-di-tert-butyl-4(N,N’-dimethylaminomethyiphenol);

sulfides including; bis(3-methyl-4-hydroxy-5-tert-butylbenzyl)sulfide;
bis(3,5-di~tert-butyl-4-hydroxybenzyl)sulﬂde; and the like. -

" In another embodiment, the stabilizers of the present invention

‘cofnprise at least one phosphorus containing compound. The phosphorus

containing compounds may include thiophosphates, butylated
triphenylphosphorothionates, organophosphates, or phosphites.

In one embodiment, the stabilizers of the present invention
comprise at least one thiophosphate. The thiophosphate stabilizers of the
present invention-are compounds derived from phosphoric acids by
substit_ﬁting divalent sulfur for one or more oxygen atoms. These may be
monothiophosphates, dithiophosphafes or higher order. A representative
dithiophosphate is Irgalube® 63 (Cibé Specialty Chémicals, Basel,
Switzerland). In another embodiment, thiophosphates include
dialkylthiophosphate esters. A representative dialkylthiophosphate ester

- stabilizer is Irgalube® 353 (Ciba), a dialkyl dithiophosphate ester, and

Irgalube® 350 (Ciba).

In another embodiment the stabilizers of the present inventibn
comprise at least one butylated triphenylphosphorothionate as depicted by
Formula 1. '

o-}-pP=—s

Formula 1
A butylated triphenylphosphorothionate, wherein each R is independently
selected from H or tert-butyl. is irgalube® 232 (Ciba). '
4
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in another embodiment the stabilizers of the present invention
comprise at least one organophosphate. The organophosphate stabilizers
include but are not limited to amine phosphates, trialkyl phosphates, triaryl
phosphates, mixed alkyl-aryl phosphates (alkyldiaryl, dialkylaryl or
alkylated aryl), and cyclic phosphates. A representative amine phosphate

_ is Irgalube® 349 (Ciba). Representative trialkyl phosphates include:

trimethyl phosphate ((CH3):PO,4, CAS reg.‘no. 512-56-1); triethyl
phosphate ((CH3CHgz)3PO4, CAS reg. no. 78-40-0); tributyl phosphate
((C4Hg)3PO4, CAS reg. no. i26-73-8)§ trioctyl phosphate((CgH17)3PO4, CAS -
reg. no. 1 806-54-8); and tri(2-ethylhexyl)phosphate |
((CH3CH(C2Hs)(CH2)4)3PO4, CAS reg. no. 78-42-2). Representative triaryl
phosphates include: triphenyl phosphate ((CsHs0);PO, CAS reg. no. 115-
86-6); tricresyl phosphate (TCP, (CH3C6H4O)3PO, CAS reg. no. 1330-78-

~ 5); and trixylenyl phosphaté (((CH3)2CeH30)3PO, CAS reg. no. 25155-23-

1). ‘Representative mixed alkyl-aryl phosphates include: isopropylphe’nyl

“phenyl phosphate (IPPP, (CsHso)g((CHa)chO)PO, CAS reg. no. 68782-
‘95-6) and bis(t-butylphehyl) phenyl phosphate (TBPP,

(CeHs0)2((CH3)3C)PO, CAS reg. no. 65652-41-7). Such phosphorus
compounds are available from multiple chemical suppliers such as Aldrich
(Milwaukee, Wisconsin); Alfa Aesar (Ward Hill, MA); or Akzo Nobel
(Arnhem, the Netherlands). Additional representative phosphorus
compounds are Syn-O-Ad 8784, a butylated triphenyl phosphate from

Akzo_ Nobe!l (Arnhem, the Netherlands); Durad 620, a tert-butylated

triphenyl phosphate from Great Lakes Chemical Corporation (GLCC, West
Lafayette IN); and Durad 220 and 110, iso-propylated triphenyi
phosphates also from GLCC. '

In another embodlment the stabilizers of the present invention
may comprise at least one phosphite. Phosphite stabilizers may be |
derived from substituted phosphites. In partlcular, hindered phosphites
are derivatives of alkyl, aryl or alkylaryl phosphite compounds.’

- Representative hindered phosphites are Irgafos 168 (Tris-(di-tert-
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butylphenyl) phosphite), Irgafos OPH (Di-n-octyl phosphite), and Irgafos
DDPP (Iso-decyl diphenyl phosphite) (all from Ciba). .

In another émbodiment the stabilizers of the present invention -
comprise at least one aryl alkyl ether. The aryl alkyl ether stabilizers of the
present invention may be depicted by Formula 2, whereinnis 1,2 or 3

and R1 is an alkyl group of 1 to 16 carbon atoms.

\
——(OR"),

F

Formula 2

'Representative aryl alkyl ethers include but are not limited to anisole, 1,4-
. dimethoxybenzene, 1,4-diethoxybenzene and 1,3,5—trimethoxybenzene.

In another embodiment, the stabilizers of the present invention
comprise at least one terpene or terpenoid. Terpenes are hydrocarbon
cbmpounds characterized by structures containing more than one
repeating isoprene (2-methyl-1,3-butadiene) unit. Representative
terpenes include but are not limited to myrcene (2-methyl-6-methyl-
eneocta-1,7-diene), allo-ocimene, beta-ocimene, terebene, limonene (in
particUlar d-limonene), retinal, pinene, menthol, geraniol, farnesol, phytol,
Vitamin A, terpinene, delta-3-carene, terpinolene,"phellandrene, fenchene,

dipentene, and mixtures thereof. Terpene stabilizers are commercially

~ available or may be prepared by methods known in the art or isolated from

natural sources.

Terpenoids are natural products and related compounds
characterized by structures containing more than one repeating isoprene
unit and usually contain oxygen. Represéntative terpenoids include
carotenoids, such as lycopene (CAS reg. no. [502-65-8)), beta carotene
(CAS reg. no. [7235-40-7}), and xanthophyls, i.e. zeaxanthin (CAS reg. no.
[144-68-3)); retinoids, such as hepaxanthin (CAS reg. no. [512-39-0]), and
isotretinoin (CAS reg. no. [4759-48-2]); abietane (CAS reg. no. [640-43-7));

6 -
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ambrosane (CAS reg. no. [24749-18-6)); aristolane (CAS reg. no. [29788-
49-6)); atisane (CAS reg. no. [24379-83-7)); beyerané (CAS reg. no. .
[2359-83-3)), bisabolane (CAS reg. no. [29799-19-7]); bornane (CAS reg.
no. [464-15-3)); caryophyllane (CAS reg. no. [20479-00-9]); cedrane (CAS
reg. no. [13567-54-9)); dammarane (CAS reg. no. [545—22-2]); drimane
(CAS reg. no. [5951-58-6)); eremophilane (CAS reg. no. [3242-05-5]);
eudesmane (CAS reg. no. [473-11-0]); fenchane (CAS reg. no. [6248-88-
0]); gammacerane (CAS reg. no. [659-65-9]); germacrane (CAS reg..no.
[645-10-3]); gibbane (CAS rég. no. [6902-95-0]); grayanotoxane (CAS reg.
no. [39907-73-8]); guaiane (CAS reg. no. [489-80-5]); himachalane (CAS

reg. no. [20479-45-2]); hopane (CAS reg. no. [471-62-5]); humulane (CAS

reg. no. [430-19-3]); kaurane (CAS reg. no. [1573-40-6)); labdane (CAS

. reg. no. [561-90-0]); lanostane (CAS reg. no. [474-20-4]); lupane (CAS
reg. no. [464-99-3]); p-menthane (CAS reg. no. [99-82-1]);' oleanane (CAS

reg. no. [471-67-0]); ophiobolane (CAS reg. no. [20098-65-1]); picrasane

_(CAS reg. no. [35732-97-9]); pimarane (CAS reg. no. [30257-03-5));
~pinane (CAS reg. no. [473-55-2]); podocarpane (CAS reg. no. [471-78-3]);

protostane (CAS reg. no. [70050-78-1]); rosane (CAS reg. no. [6812-82-
4]); taxane (CAS reg. no. [1605-68-1]); thujane (CAS reg. no. [471-12-5]);
trichothecane (CAS reg. no. [24706-08-9]); and ursane (CAS reg. no. [464-
93-7]). The terpenoids of the present invention are commercially available
or may be prepared by methods known in the art or may be isolated from
the naturally occurring source. '

In another embodiment the stabilizers of the present invention
comprise at least one epoxide. Epoxides include 1,2-propylene oxide
(CAS reg. no. [75-56-9']), 1,2-butylene oxide (CAS reg. no. [1 06-88-7)),
butylphenylglycidyl ether, pentylphenylglycidyl ether, hexylphenylglycidyl
ether, heptylphenylglycidyl ether, octylphenylglycidy! ether,
nonylphenylglycidyl ether, decylphenylglycidyl ether, glycidyl
methylphenylether, 1,4-glycidyl phehyl diether, 4-methoxyphenyliglycidyl
ether, naphthyl glycidyl ether, 1,4-diglycidyl naphthy.l diether, butylphenyl
glycidyl ether, n-butyl glycidyl ether, isobutyl glycidyl éther, hexanediol

7
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diglycidyl ether, allyl glycidyl ether, polypropylene glycol diglycidyi ether,

‘and mixtures thereof.

In another embodiment, the epoxide stabilizers of the present
invention comprise fluorinated epoxides. The fluorinated epoxide

stabilizers of the present ihvention_ méy be depicted by Formula 3, wherein

each of R2 through RS is H, alkyl of 1 to 6 carbon atoms or fluoroalkyl of 1

“to 6 carbon atoms with the proviso that at least one of R2 through RO is a
- fluoroalkyl group. -

Formula 3

Representative fluorinated epoxide stabilizers include but are not limited to
triluoromethyloxirane and 1,1-bis(trifluoromethyl)oxirane. Such

- compounds may be brepared by methods known in the art, for instance by

methods described in, Journal of Fluorine Chemistry, volume 24, pages
93-104 (1984), Journal of Organic Chemistry, volume 56, pages 3187 to
3'1 89 (1991), and Journal of Fluorine Chemistry, volume 125, pages 99-
105 (2004). |

In another embodiment the stabilizers of the present invention

comprise at least one oxetane. The oxetane stabilizers of the present
invention may be a compound with one or more oxetane groups and is
represented by Formula 4, wherein R;-Rg are the same or different and
can be selected from hydrogen, alkyl or substituted alkyl, aryl or
substituted aryl. '



WO 2007/126760 PCT/US2007/007477

10

15

20

25

Formula 4

Representative oxetane stabilizers include but are not limited to 3-ethyl-3-

hydroxymethyl-oxetane, such as OXT-101 (Toagosei Co., Ltd); 3-ethyl-3-
((phenoxy)methyl)-oxetane, such as OXT-211 (Toagosei Co., Ltd); and 3-

_ethyl-3-((2-ethyl-hexyloxy)methyl)-oxetane, such as OXT-212 (Toagosei
Co., Ltd).

In another embodiment the stabilizers of the present invention
comprise ascorbic acid (CAS reg. no. [50-81-7]).

In another embodiment the stabilizers of the present invention

‘comprise at least one thiol compound, also known as mercaptans or

hydrosulfides. Such thiol compounds are the sulfur analogs of the

hydroxyl group containing alcohols. Representative thiol stabilizers
include but are not limited to methanethiol (methyl mercaptan), ethanethiol
(ethyl mercaptan), Coenzyme A (CAS reg. no. [85-61-0]),
dimercaptosuccinic acid (DMSA, CAS reg. no. [2418-14-6]), grapefruit
mercaptan (( R)-2-(4-methylcyclohex-3-enyl)propane-2-thiol, CAS reg. no.
[83150-78-1]), cysteine (( R)-2-amino-3-sulfanyl-propanoic acid, CAS reg.
no. [52-90-4)), and lipoamide (1,2-dithiolane-3-pentanamide, CAS reg. no.
[940-69-2]. | |

In another embodiment the stabilizers of the present invention
comprise at least one lactone. Lactones are cyclic esters that méy be

~ produced by the reaction of an alcohol group with a carboxylic acid group

in the same molecule. Representative lactone stabilizers of the presént
invention include but are not limited to gamma-butyrolactone (CAS reg. no.
[96-48-0]), delta-gluconolactone (CAS reg. no. [90-80-2]), gamma-
undecalactone (CAS reg. no. [104-67-6}), 6,7-dihydro-4(5H)-
benzofuranone (CAS reg. No. [16806-93-2]), and 5,7-bis(1,1-

-9
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dimethylethyl)-3-[2,3(or 3,4)-dimethylphenyl}-2(3H)-benzofuranone (CAS
reg. no [201815-03-4]) such as Irganox® HP-136 (Ciba). .

In another embodiment the stabilizers of the present invention |
comprise at least one thioether. Thioether stabilizers of the present
ihvention include but are no{ limited to beniyl phenyl sulfide (CAS reg. no.
[831-91-4]), dipheny! sulfide (CAS reg. no. [139-66-2)), dioctadecyl 3,3'-
thiodiprobior'\ate. such as Irganox® PS 802 (Ciba) and didodecyl 3,3'-
thiopropionate, such as Irgahox® PS 800 (Ciba).

In another embodiment the stabilizers of the present invention

" comprise at least one amine. In one embodiment the amine stabilizers

comprise at least one compound selected from the group consisting of

triethylamine, tributylamine, diisopropylamine, triisopropylamine,

triisobutylamine, p-phenylenediamine, and diphenylamine. In another
embodiment, the arﬁiné stabilizers comprise dialkylamines including (N-(1-
methylethyl)-2-propylamine, CAS reg. no. [108-18-9]). In another '
embodiment the amine stabilizers include hindered amine antioxidants.
Hindered amine antioxidants include amines derived from substituted
piperidine compounds, in particular derivatives of an alkyl-substituted
piperidyl, piperidinyl, piperazinone, or alkoxypiperidinyl compounds.
Representative hindered amine antioxidants include 2,2,6,6-tetramethyl-4-
piperidone; 2,2,6,6-tetramethyl-4-piperidinol; bis-(1,2,2,6,6-
pentamethylpiperidyl)sebacate (CAS reg. no. [41556-26-7]); di-(2,2,6,6-
tetrameihyl-4-piperidyl)sebacate, such as Tinuvin® 770; poly-(N-
hydroxyethyl—2,2,6,‘6-tetramethyl—4-hydroxy-piperidyl succinate (CAS reg.
no. [65447-77-0]), such as Tinuvin® 622LD (Ciba); alkylated
paraphenylenediamines, such as N-phenyl-N’-(1,3-dimethylbutyl)-p-
phenylenediamine, or N,N’-di-sec-butyl-p-phenylenediamine; and
hydroxylamines such as tallow amines, methyl bis tallow amine (CAS reg
no. 204933-93-7) and bis tallow amine (CAS reg no. 14325-92-2) or
phenol-alpha-naphthylamine. Some other hindered amine antioxidants
include Tinuvin ® 765 (Ciba), BLS® 1944 (Mayzo, Inc.), and BLS® 1770
(Mayzo).
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_ In another embodiment the stabilizers of the present invention
comprise nitromethane (CHaNO2, CAS reg. no. [75-52-5]).

In another embodiment the stabilizers of the present invention
comprise at least one alkyl silane. Silanes are compounds similar to
_hydrocarbons wherein a silicon atom replaces each carbon. Alkyl silane
stabilizers are silanes with at least one carbon baéed alkyl group attachéd '
to the silicon, and include but are not limited to '
bis(dimethylamino)methylsilane (DMAMS, CAS reg. no. [22705-33-5]),
tris(trimethylsilyljsilane (TTMSS, CAS reg. no. [1873-77-4]),
vinyltriethoxysilane (VTES, CAS reg. no. [78-08-0}), vinyltriméthoxysilane

. (VTMO, CAS reg. no. [2768-02-7]), and mixtures thereof.

In another embodimeht, stabilizers of the present invention
comprise at least one benzophenone derivative. Benzophenone derivative
stabilizers comprise benzophenone that may be substituted with side- |
chain groups including halides, such as fluorine, chlorine, bromine or
iodine, amino groups, hydroxyl groups, alkyl groups such as methyl, ethyl
or propyl groups, aryl groups such as phenyl, nitro groups, or any
combinations of such groups. ‘Representative benzophenone dérivative
_stabilizers include but are not limited to: 2,5-difluorobenzophenone; 2',5'-
dihydroxyacetophenone; 2-aminobenzophenone; 2-chlorobenzobhendne; ‘
2-fluorobenzophenone; 2-hydroxybenzophenone; 2-methylbenzophenone;
2-amino-4'-chlorobenzophenone; 2-amino-4'-fluorobenzophenone; 2-
amino-5-bromo-2'-chlorobenzophenone; 2-amino-5-chlorobenzophenone,
2-amino-5-chloro-2'-fluorobenzophenone; 2-amino-5-nitrobenzophenone;
2-amino-5-nitro-2'-chlorobenzophenone; 2-amino-2',5-
dichlorobenzophenone,; 2-ch|oro-4‘-ﬂuorobenzophenone; 2-hydroxy-4-
methoxybenzophenone; 2-hydroxy-5-chlorobenzophenone; 2-
methylamino-5-chlorobenzophenone; 3-methylbenzophenone; 3-
nitrobenzophenone; 3-nitro-4'-chloro-4-fluorobenzophenone; 4-
chlorobenzophenone; 4-fluorobenzophenone; 4-hydroxybenzophenone; 4-
methoxybenzophenone; 4-methylbenzophenone; 4-nitrobenzophenone; 4- .
phenylbenzophenone; 4-chloro-3-nitrobenzophenone; 4-hyd'roxy-4'-
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chlorobenzophenone; 2,4-dihydroxybenzophenone; 2,4-
dimethylbenzophenone; 2,5-dimethylbenzophenone; 3,4~
diamiﬁobenzophenone; 3,4-dichlorobenzophenone; 3,4-
difluorobenzophenone; 3,4-dihydroxybenzophenone; 3,4-

. dimethYlbenzophenone; 4 4'-bis(diethylamine)benzophenone; 4,4

bis(dimethylamine)benzophenone; 4,4'-dichlorobenzophenone; 4,4'-
difluorobenzophenone; 4,4'-dihydroxybenzophenone; 4,4'-
dimethoxybenzophenone; and mixtures thereof.

- In another embodiment the stabilizers of the present invention
comprise at least one aryl sulfide. The aryl sulfide stabilizers comprise at
least one selected from the group consisting of benzyl phenyl sulﬁde,
diphenyl sulfide, dibenzyl sulfide, and mixtures thereof. '

In another embodiment the stabilizers of the present invention

comprise at least one selected from the group consisting of divinyl

terephthalatic acid (CAS reg. no. [13486-19-0]), diphenyl terephthalic acid
(CAS reg. no. [1539-04-4]), and mixtures thereof.

In another embodiment, the stabilizers of the present invention
comprise at least one ionic liquids. lonic liquids are organic salts that are
liquid at room temperature (approximately 25 © C). In another
émbodiment, ionic liquid stabilizers comprise salts containing cations
selec’ied from the group consisting of pyridinium, pyridazinium,
pyrimidinium, pyrazinium; imidazolium, pyrazolium, thiazolium, oxazolium
and triazolium; and anions selected from the group consisting of [BF4]-,
[PFel-, [SbFe}-, [CF3S03]-, [HCF2CF2S0s)-, [CF3HFCCF2SO0s)-,
[HCCIFCF3S03]-, [(CF3S02)2N]-, [(CF3CF2S02)2N]-, [(CF3SO2):Cl-,
[CF3CO;)-, and F-. Representative ionic liquid stabilizers include emim
BF,4 (1-ethylk-3-methylimidazolium tetraflucroborate); bmim BF4 (1 -butyl-3-
methylimidazolium‘ tetraborate); emim PFg (1-ethyl-3-methylimidazolium
hexaﬂuo_rophosphate); and bmim PFg (1-butyl-3-methylimidazolium
hexafluorophosphate), all of which are available from Fluka (Sigma-
Aldrich).
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In another embodiment, the stabilizers of the present invention
comprise at least one metal deactivator including but not limited to
areoxalyl bis (benzylidene) hydrazide (CAS reg no. 6629-10-3), N,N'-
bis(3,5-(_1i-tert-butyl-4-hydroxyhydrocinnamoylhydrazine (CAS reg no.
32687-78-8), 2,2, - oxamidobis-ethyl—(_3.5-di-terf-butyl-4- »
hydroxyhydrocinnamate (CAS reg no. 70331-94-1), N,N'-(disalicyclidene)-
1,2-diaminopropane (CAS reg no. 94-91-7) and ethylenediaminetetra-
acetic acid (CAS reg no. 60-00-4) and its salts.

-~ Certain embodiments of the stabilizers of the présent invention
further comprise corrosion inhibitors including but not limited to dodecenyl
succinic anhydride (DDSA), amine phosphate, oleoyl sarcosine, Imidazole
derivatives and substituted sulphonates. .

Certain embodiments of the stabilizers of the present invention
further comprise triazole, benzotriazole, 2-mercaptobenzotriazole and
mixtures thereof. such as N,N-disalicylidene-1,2-diaminopropane.

. Certain embodiments of the stabilizers of the present invention
further comprise multifunctional stabilizer compounds including but not
limited to Irgalube® F10 and metal dialkyl dithiophosphates, including zinc
dialkyl dithiophosphate (ZDDP) such as Lubrizol 1375.

Unless otherwise noted above, the stabilizers of the present
invention are commercié"y available from various chemical supply houses.

Single stabilizer compbunds may be used in combination in the
present compositions comprising iodotrifluoromethane or multiple stabilizer
compounds may be combined in any proportion to serve as a stabilizer
blend. The stabilizer blend may contain multiple stabilizer compounds
from the same class of compounds or multiple stabilizer corﬁpounds from
different classes of compounds. For example, a stabilizer blend may
contain 2 or rﬁore hindered phenols, or one or more hindered phenols in
combination with one or more amines. :

Additionally, somé of the stabilizer compounds exist as multiple
configurational isomers or sterecisomers. Single isomers or multiple

isomers of the same compound may be used in any proportion to prepare
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the stabilizer blend. 'Further, single or multiple isomers of a given
compound may be combined in any proportion with any number of other
compbunds to serve as a stabilizer blend. The present invention is

“intended to include all single configurational isomers, single stereocisomers

or any combination or mixture thereof. . o

of particdlar note are stabilizer compositions comprising
combinations of compounds that provide an unexpected level of
stabilization. Certain of these combinations may serve as synergistic
stabilizer compositions that augment each others’ efficiency in a
formulafion and the stabilization obtained is larger than that expected from
the sum of the contributions of the individual components. | '

In one embodiment, the present stabilizer compositions
comprise phenols and phosphites. In another embodiment, the preéent

" stabilizer compositions comprise phenols and amines. In another

embodiment, the present stabilizer compositions comprise phenols and
ionic liquids.

The present invention further provides a composition
comp_risihg iodotrifluoromethane and a stabilizer composition as defined
herein above.

In one embodiment phenols for inclusion in the present
stabilizer compositions may be any of substituted phenol, in particular
derivati\_l_es of alkyl or aryl phenolic compounds. Representative hindered

phenols are Irganox E201, (di-alpha-tocophenol), Irganox 1010, Irganox

1976, Irganox L 109, Irganox L 134 (all from Ciba).

- In one embodiment phosphites for inclusion in the present
stabilizer compositions may be any of the phosphites as described
previdusly herein. In another embodiment, of particular note are hindered
phosphites, such as Irgafos 168 (Tris-(di-tert-butylphenyl) phosphite),
Irgafos OPH (Di-n-octyl phosphite), or irgafos DDPP (Iso-decyl diphenyl
phosphite) (all from Ciba), are useful in stabilizer compositibns.

In one embodiment, amines for inclusion in the present
stabilizer compositions may comprise any of the amines as described
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© previously herein. In another embodiment, of particular note, are those '

hindered amihe antioxidants derived from substituted piperidine
compounds, in particular derivatives of an alkyl-substituted piperidyl,
piperidinyl, piperazinone, or alkoxypiperidinyl compounds. Representative

' hindored amine antioxidants are 2,2,6,6-tetramethyl-4-piperidone; 2,2,6,6-'

tetramethyl-4-piperidinol; bis-(1 ,2,2,6,6-pentamethyloiperidyl) sebacate

(CAS reg. no. [41556426-7]); di-(2.2,6,6-tetramethyl—4-piperidyl)$obacate,

such as Tinuvin® 770; poly-(N-hydroxyethyl-2,2,6,6-tetramethyl-4-hydroxy-

. piperidyl succinate (CAS regq. no. [65447-77-0]), such as Tinuvin® 6221LD -

(Ciba). Some additional hindered amine antioxidants include Tinuvin ®
765 (Ciba), BLS® 1944 (Mayzo, Inc.), and BLS® 1770 (Mayzo).
In another embodiment, stabilizer compositions may comprise hindered .

phenols, and any of the compounds selected from the group consistihg of

. thiophosphates, dlalkylth|ophosphate esters, butylated

triphenylphosphorothionates, epoxides, fluorinated epoxides, oxetanes

_lactones, divinyl terephalic acid, and diphenyl terephalic acid (all having

been described previously. herein). In another embodiment, a stabilizer

composition may comprise at least one hindered phenol and at Ieast one

" phosphorous containing compound, such as an aryl phosphlte

phosphorous aC|d or bis(2,4-bis(1,1-dimethylethyl)-6- methylphenol)ethyl
ether.

In one embodlment the present stabilizer composmons
compnse amlnes and phosphites. In another embodiment, the present
stabilizer composmons comprise amines and ionic liquids.

Ih one embodiment, the present stabilizer compositions

~ comprise ionic Iicjuids and phosphites.

in one embodiment, the present stabilizer compositions

_ corﬁprise tefpenes or terpenoids and phosphites. In another embodiment,

the present stabilizer compositions comprise terpenes or terpenoids and
hindered phenols. In another embodiment, the present stabilizer

compositions comprise terpenes or terpenoids and amines. In another .

. embodiment, the present stabilizer compositions comprise terpenes or
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terpenoids and ionic liquids. In another embodiment. the present stabilizer -
compositions comprise terpenes or terpenoids and epoxides.

In one embodiment, the present stabilizer compositions
.compnse epoxides or oxetanes and phosphites. In another embodiment,

. the present stabilizer compositions comprise epoxides or oxetanes and
hindered phenols. In another embodiment, the present stabilizer '

~ compositions comprise epoxides or oxetanes and amines. In another

"~ embodiment, the present stabilizer compositions comprise epoxides or
oxetanes and ionic liquids.

In another embodiment, any stabilizer composition as described
above herein may further comprise at least one metal deactivator selected
from the group consisting of areoxalyl bis(benzylidene)hydrazide (CAS
reg. no. 6629-10-3); N,N'-bls(3,5-d|-tert-butyl-4-
hydroxyhydrocinnamoyihydrazine) (CAS reg. no. 32687-78-8); 2,2'-
oxamidobis—ethyl-(B,5-d-tert-butyl-4—hydroxyhydorcinnamate) (CAS reg.
no. 70331-94-1); N,N'-(disalicyclidene)-1,2-propanediamine (CAS reg. no.
94-91-1); ethylenediaminetetraacetic acid (CAS reg. no. 60-00-4) and salts
thereof: triazoles; benzotriazole, 2-mercaptobenzothiazole, tolutriazole
derivatives, and N,N-disalicylidene-1,2—diaminopropéne.

In another embodiment, a stabilizer composition comprises at
least one hindered phenol, at least one phosphite and at Ieast one metal
deactivator selected from the group consisting of areoxalyl
bis(benzylidene)hydrazide; N,N"bis(3,5-di-tert-butyl-4-
hydroxyhydrocinnamoylhydrazine), 2,2'-oxamidobis-ethyl-(3,5-d-tert-butyl-
4-hydroxyhydorcinnamate); N,N'-(diealicyclidene)-1 ,2-propanediamine;
ethylenediaminetetraacetic acid and salts thereof; triazoles; benzotriazole,
2-mercapfobenzethiazole, tolutriazole derivatives, and N,N-disalicylidene-
1,2-diaminopropane.

In another embodiment, a stabilizer composition comprises at
Ieast one hindered phenol, at least one amine, and at least one metal
deactivator selected from the group consisting of areoxaly!
bis(benzylidene)hydrazide; N,N’-bis(3,5-di-tert-butyl-4-

16



" 10

.15

20

25

30

WO 2007/126760 PCT/US2007/007477

hydroxyhydrocinnamoylhydrazine)° 2 2’-oxamidobis-ethyl.-(3 5-d-tert—butyl—

4 hydroxyhydorcinnamate); N N'-(dlsahcyclldene) -1,2- propanedlamlne

ethylenedlammetetraacetlc acid and salts thereof; triazoles; benzotnazole
2-mercaptobenzothiazole, tolutriazole derivatives, and N,N-dlsallcylldene- '
1 2—d|am|nopropane

In another embodiment, a stablllzer composition compnses at

least one hindered phenol at Ieast one ionic liquid, and at least one metal 4

deactivator selected from the group consisting of areoxalyl

.Vbls(benzyhdene)hydraznde N,N'-bis(3,5- di-tert-butyl-4-

hydroxyhydrocmnamoylhydrazme) 2,2'-oxamidobis-ethyl- (3 5-d- tert—butyl- '
4- hydroxyhydorcmnamate) N,N’- (dlsallcyclldene) -1,2-propanediamine;
ethylenedlamlnetetraacetlc acid and salts thereof;, triazoles; benzotriazole,

2- mercaptobenzothlazole, tolutriazole derivatives, and N,N-disalicylidene-

1 2-d|am|nopropane A

In another embodiment, a stabilizer composition comprises at
least one hindered phenol; at least one compound selected from the group |
consisting of thiophosphates, dialkylthiophosphate esters, butylated '
triphenylphosphorothionates, epoxides, oxetanes, lactones, divinyl
terephalic acid, and diphenyl terephalic acid; and at least ohe metal

. deactivator selected from the group consisting of areoxalyl

bis(berizylidene)hydrazide; N,N'-bis(3,5-di-tert-butyl-4-

hydroxyhydroéinnamoylhydrazirie); 2,2’-oxamidobis-ethyl-(3,5-d-tert-butyl-

4-hydroxyhydorcinnamate); N,N’-(disalicyclidene)-1,2-propanediamine;
ethylenediaminetetfaacetic acid and salts thereof: triazoles; benzotriazole,
Z-Mércaptobenzothiazole, tolutriazole derivatives, and N,N-disalicylidene-

: 1 ,2-diaminopropane.

“In another embodiment, a stabilizer composmon comprises at

least one hindered phenol; at least one phosphorous containing compound

“selected from the group consisting of aryl phosphites, phosphorous acid,

and bié(2,4-bis(1 ,1-dimethylethyl)-6-methylphenol)ethyl ether; and at least
one metal deactivator selected from the group consisting of areoxalyl
bis(behzylidene)hydrazide; N,N’-bis(3,5-di-tert-butyl-4-
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_hydroxyhydrocinnamoylhydrazine); 2,2'-oxamidobis-ethyl-(3,5-d-tert-buty!-
. 4ehydroxyhydorcinr\_amate); N,N’-(disalicyclidene)-1,2-propanediamine;

ethylenediaminetetraacetic acid and salts thereof; triazoles; benzotriazole,

2-mercaptobenzothiazole, tolutriazole derivatives, and N,N-disalicylidene-

1,2-diaminopropane.

o - In another embodiment, a stabilizer compositién comprises at
least one hindered phenbl; at least one compound selected frorh the group
consisting of diphenyl amine and phenol-alpha-naphthylamine; and at
least one metal deactivator selected from the group consisting of areoxaly!
bis(benzylidene)hydrazide; N,N'-bis(3,5-di-tert-butyl-4-

" hydroxyhydrocinnamoylhydrazine); 2,2'-oxamidobis-ethyl-(3,5-d-tert-butyl-

4-hydroxyhydorcinnamate); N,N’-(disalicyclidene)-1,2-propanediamine;
ethylenediaminetetraacetic acid and salts thereof; triazoles; benzotriazole,
2-mercaptobenzothiazole, tolutriazole derivatives, and N,N-disalicylidene-
1;2-diamihopropane.

' In another embodiment, a stabilizer composition comprises at
least one amine, at least one phosphite and at least one metal deactivator
seleéted from the group consisting of areoxalyl bis(benzylidene)hydrazide;
N,N'-bis(3,5-di-tert-butyl-4-hydroxyhydrocinnamoylhydrazine); 2,2-
oxémidobis-ethyl-(3,5-d—tert—butyl-4-hydroxyhydofcinnamate); N,N’-

~ (disalicyclidene)-1,2-propanediamine; ethylenediaminetetraacetic acid and

salts thereof: triazoles; benzotriazole, 2-mercaptobenzothiazole,
tolutriazole derivatives, and.N,N-disalicylidene-1,2-diaminopropane.

In another embodiment, a stabilizer composition comprises at
least one amine, at least one ionic liquid and at least one metal deactivator
selected from the group consisting of areoxalyl bis(benzylidene)hydrazide;

'N.N'-bis(3.5-di-tert—butyl-4-hydroxyhydrocinnamoylhydra'zine); 2,2-

oxamidobis-ethyl—(3,5—d-tert—butYl-4—hydroxyhydorcinnamate); N,N'-
(disalicyclidene)-1,2-propanediamine; ethylenediaminetetraacetic acid and
salts thereof; triazoles; benzotriazole, 2-mercaptobenzothiazo|e,
tolutriazole derivatives, and N,N-disalicylidene-1,2-diaminopropane.
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_In another embodiment a stabilizer composition comprises at
Ieast one ionic liquid, at least one phosphite, and at least one metal
deactlvator selected from the group consisting of areoxalyl -

V '--bls(benzyl|dene)hydra2|de, N,N’-bis(3,5-di-tert-butyl-4-
h&dfpxyhy_drocinnamoylhyd[azine); 2,2'-oxamidobis-ethyl-(3,5-d-tert-butyl-

' 4—hydrdxyhydorcinnamate); N,N’-(disalicyclidene)-1,2-propanediamine;

‘ ethylenediaminetetfeacetic acid and salts thereof; triazoles; benzotriazole,
2-mercaptobenzothiazole, tolutriazole derivatives, and N,N-disalicylidene-- .
1 2—d|am|nopropane | | “

In another embodlment the present stabilizer compositions
comprise at Ieast one terpene or terpenoid, at least one phosphite, and at
least one metal deactivator selected from the group consisting of areoxalyl
bis(benzylidene)hydrazide; N,N’-bis(3, 5-d|—tert-butyl-4-

?‘hydroxyhydrocnnnamoylhydrazme), 2 2'-oxam|dob|s-ethyl (3, 5-d-tert-butyl-
4-hydroxyhydorcmnamate), N,N’-(disalicyclidene)- 1,2-propaned|am|ne,

-ethylenediaminetetraacetic acid and salts thereof; triazoles; benzotriazole,
2-mercaptobenzothiazole, tolutriazole denvatnves and N,N-disalicylidene-
1 ,2-diaminopropane.

In another embodlment the present stablhzer compositions
compnse at least one terpene or terpenoid, at least one hindered phenol,
a_nd at least one metal deactivator selected from the group consisting of
areoxalyl bis(benzylidene)hydrazide; N,N’-bis(3,5-di-tert-butyl-4-

' hydroxyhydrocinnamoylhydrazine); 2,2'-oxamidobis-ethyl-(3,5-d-tert-butyl-

' 4-hydroxyhydorcinnamate); N.N’-(disalicyclidene)-1,2-propanediamine;
ethylenediaminetetraacetic acid and salts thereof; triazoles; benzotriazole,
2-mercaptobenzothiazole, tolutriazole derivatives, and N,N-disalicylidene-

, 1,25diaminopropane.

- In another embodiment, the present stabilizer compositions
compﬁse at least one terpene or terpenoid, at least one amine, and at
least one metal deactivator selected from the group consisting of areoxalyl
bis(benzylidene)hydrazide; N,N*bis(3,5-di-tert-butyl-4-
hydroxyhydrocinnamoylhydrazine); 2._2'-oxamidobis-ethyl-(3,5-d-tert-butyl-
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4- hydroxyhydorcmnamate) N,N’-(disalicyclidene)-1 2—propaned|am|ne
ethylened|am|netetraacet|c acid and salts thereof; triazoles; benzotriazole,
2- mercaptobenzothlazole. tolutriazole derivatives, and N,N-dlsallcylldene- .
1,2-diaminopropane.

~ In another embodlment the present stablhzer composntlons
comprise at Ieast one terpene or terpenond at least one ionic liquid, and at
least one metal deactivator selected from the group consustmg of areoxalyl
bis(benzylidene)hydrazide; N,N’ bls(3,5-d|-tert-butyl-4-
hydroxyhydrocinnamoylhydrazine); 2,2'-oxamidobis-ethyl-(3,5-d-tert-butyl-
4-—hydroxyhyd6rcinnamate); N,N'-(disalicyclidene)-1,2-propanediamine; '

' éthylenediéminetetraacetic acid and salts thereof; triazoles; benzotriazole,

2-mercaptobenzothiazole, tolutriazole derivatives, and N,N-disalicylidene-

“1,2-diaminopropane.

. 'In another embodiment, the present stabilizer compositions
comprise at least one terpene or terpenoid, at least one epoxide, and at
least one metal deactivator selected from the group consisting of areoxalyl
bis(benzylidene)hydrazide; N,N’-bis(3,5-di-tert-butyl-4- .
hy'drokyhydrocinnamoylhydrazine); 2,2’-oxamidobis-ethy|—(3,S-d-ter_t-butyl-
4-hydroxyhydorcin'na'mate)' N,N’-(disalicyclidene)-1,2-propanediamine;

ethylened|am|netetraacet|c acid and salts thereof; triazoles; benzotriazole,

2-mercaptobenzoth|azole tolutriazole denvatlves and N,N-disalicylidene-
1 2—d|ammopropane
in another embodiment, the present stabilizer compositions

comprise at least one epoxide or oxetane, phosphite, and at least one

.metal deactivator selected from the group consisting of areoxalyl

bns(benzylldene)hydramde N,N'-bis(3,5- dl-tert-butyl-4-
hydroxyhydrocmnamoylhydrazme) 2,2 -oxamldobls-ethyl -(3, 5 d-tert-butyl-‘
4- hydroxyhydorcmnamate) N,N’- (dlsal|cycl|dene)-1 2-propanedlamme
ethylened|am|netetraacet|c acid and salts thereof; triazoles; benzotriazole,
2-mercaptobenzothiazole, tolutriazole derivatives, and N,N-disalicylidene-
1,2-diaminopropane.
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In another embodiment, the present stabilizer compositions
comprise at least one epoxide or oxetane, at least one hindered phenol,
and at Ieast dne nﬁetal deactivator selected from the group consisting of
areoxaly| bis(benzylidene)hydrazide; N ,N’-bis(3,5-di-tert-butyl-4-

' hydroxyhydrocmnamoylhydrazme) 2 2'—oxam|dob|s-ethyl (3 5-d-tert-butyl-

4- hydroxyhydorcmnamate), N,N'- (dlsallcychdene) 1,2-propanediamine;
ethyleriediaminetetraacetic acid and salts thereof, triazoles; benzotriazole,

2- hﬁercapto’benzothiazole,’ tolutriazole derivatives, and N,N-disallicylidene-‘.

1 2-d|am|nopropane

In another embodiment, the present stabilizer compositions

comprlse at least one epoxide or oxetane, at least one amine, and at least

one metal deactivator selected from the group consisting of areoxalyl
b|s(benzylldene)hydraZIde N,N’-bis(3,5-di-tert-butyl-4-

- hydroxyhydrocmnamoylhydrazme) 2,2’-oxamidobis-ethyi-(3, 5—d-tert-buty|- _
15

4-hydroxyhydorcinnamate); N,N’-(disalicyclidene)-1,2-propanediamine;
ethylehediaminetetraacetic acid and salts thereof; triazoles; benzotriazole,
2-mercaptobenzothiazole, tolutriazole derivatives, and N,N-disalicylidene-
- In another embodiment, the present stablllzer compositions
comprlse at least one epoxide or oxetane, at least one ionic liquid, and at

' Ie_ast one metal deactivator selected from the group consisting of areoxalyl -

bis(benzylidene)hydrazide; N,N-bis(3,5-di-tert-butyl-4- _
hydroxyhydrocinnamoYlhydrazine); 2,2'-oxamidobis-ethyl-(3,5-d-tert-butyl-
4-hydroxyhydorcinnamate); N,N'-(disalicyclidene)-1,2-propanediamine;
éthYIenédiaminetetraacetic acid and salts thereof; triazoles; benzotriazole,
2-mercaptobenzothiazole, tolutriazole derivatives, and N,N-disalicylidene-
1,2-diaminopropane.

- " Further disclosed herein is a composition comprising
iodotrifluoromethane and an éffective amount of a stébilizer comprising
any of the following, including mixtures of any of the following: fullerenes,
graphite, a polycyclic aromatic selected from the group consisting of
naphthalene and ferrocene, a functionalized perﬂuoropolyéther, an
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alkylated aromatic, a metal salt, or a polyoxyalkylated aromatic as
represented by the formula below:

IS

——(OR"Y),

Z

wherein the R! group is a polyoxyalkylated group comprlsmg at |east one -
CH>CH,0- moiety. ' -

- The compositions of the present invention may further comprise

" at least one refrigerant selected from the group consisting of fluoroolefins, .

hydrofluorocarbons, hydrocarbons, dimethyl ether, ammonia, and carbon
dioxide (COy). |

_ In one embodiment, fluoroolefin refrigerants comprise
compounds with 2 to 12 carbon atoms, in another embodiment the
ﬂuorooleﬂns comprise compounds 3 to 10 carbon atoms, and in yet
another embodiment the fluoroolefins comprise compounds 3 to 7 carbon
atoms. Representatlve fluoroolefins include but are not limited to all

B compounds as listed in Table 1, Table 2, and Table 3.

. in one embodiment, fluoroolefin refrigerants have the formula
E- or Z-R'CH=CHR? (Formula 5), wherein R' and R? are, independently,
C, to C¢ perfluoroalkyl groups. Examples of R' and R? groups include, but
are not limited to, CF3, Cng, CF,CF,CF3, CF(CF3)2, CF2CF2CF2CF3,
CF(CF3)CF2CF3, CF,CF(CF3)2, C(CF3)s, CF2CF>CF2CF2CF3,
CF,CF3CF(CF3)z2, C(CF3)2C2Fs, CF2CF20F2CFZCF20F‘3. CF(CFa)
CF,CF,C,Fs, and C(CF3),CF.C>Fs. 'In one embodiment the fluoroolefins of
bemula 5, have at least about 4 carbon atoms in the molécule. In another

" embodiment, the fluoroolefins of Formula | have at least about 5 carbon

atoms in the molecule. Exemplary, non-limiting Formula | compounds are
presented in Table 1. '

TABLE 1
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"Code

Structu re

Chemical Name
F1E CF3CH=CHCF3 . 1,1,1,4,4,4-hexafluorobut-2-ene
F12E CF3;CH=CHCFs 1.1,1,4,4,5,5,5-octafluoropent-2-ene
F13E | CFaCH=CHCF,CzFs 1,1,1,4,4,5,5 6 6,6-decafluorohex-2-ene
F13iE ._CF3QH=CHCF(CF3)2 A 1,1,1.4,5,5,5-heptafluoro-4-(trifluoromethyl)pent-2-ene
1 F22E C2FsCH=CHC,Fs 1.1,1,2,2,5,5,6,6,6-decafluorohex-3-ene
F14E | CFaCH=CH(CF2)sCFs _ 1.1,1,4,4,5,56,6,7,7,7-dodecaflucrohept-2-ene
F14iE CF3;CH=CHCF,CF-(CFj), 1,11 ,4,4,5,6,6,6-nonaﬂuoro—5-(triﬂuordmethyl)hex-z-ene
F14sE | CF,CH=CHCF(CF3)-C5Fs 1,11 ,4,5,5_,6,6.6-nonﬂuoro-4-(triﬂUc_>romethyl)he’x—2-ene
F14tE .'C.F:,CH_-—'CHC(CF;,);, 1,1,1,5,5,5-hexafluoro-4,4-bis(trifluoromethyl)pent-2-ene
F23E C,FsCH=CHCF.C.Fs 1,1,1,2,2,5,5,6,6,7,7,7-dodecafluorohept-3-ene
F23iE CZFSCH=CHCF(CF3)2 1,11 ,2,2,5.6,6,6-nonaﬂuoro—5-(triﬂuorome'thyl)hex-3-ene
F15E | CFsCH=CH(CF;).CF3 1114.4.556,6.7.7.8 .8 .8-tetradecafluorooct-2ene
1,1,1,4,4,5,5,6,7,7,7-undecafluoro-6-(trifluoromethyl)hept-
F15iE CF3CH=CH-CF3CF,CF(CF3)2
- 2-ene
) - ' 1,1,1,5,5,6,6,6-octafluoro-4,4-bis(trifluoromethyl)hex-2-
F15tE | CF3CH=CH-C(CF3),CsFs : ' -
ene :
F24E C§F50H=CH(CF2)3CF3 1.1 .1,2.2.5.5.6,6,7,7,8,8,8-tetradecaﬂuqrooct—3-ene
: ‘ 1,1,1,2,2,5,5,6,7,7,7-undecafluoro-6-(trifluoromethyl)hept-
F24iE . CstCH=CHCF2CF-(CF3)2 .
3-ene
: 1,1,1,.2.2,5,6,6,7,7,7-undecafluoro-5-(triftuoromethyl)hept-
F24sg | C,FsCH=CHCF(CF3)-C;Fs .
3-ene
‘ . 1,1,1,2,2,6,6,6-octafluoro-5,5-bis(triflucromethyl)hex-3-
F24tE CstCH'-'CHC(CF;;)g :
N ene
F33E C,F5CF,CH=CH-CF,;C.Fs 1,11 .2,2,3,3.6.6.7,7.8.8,8-tetradecaﬂuoroocté47ene
. . 1,1,1,2,5,6,6,6-octafluoro-2,5-bis(trifluoromethyl)hex-3-
F3i3iE | (CF3),CFCH=CH-CF(CF3);
. ene
) . 1.1.1,2,5,5,6,6,7,7,7-undecafluoro-2-(trifluoromethyl)hept-
F33iE CzF5CcmH=CH-CF(CF3)2

3-ene
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F35E

.
‘F16E , CF3CH=C,H(CF2)5CF{, 1,1.1.4,4,5,5.6,6,7,7,8,8,,9,9,9-hexadecaﬂuoronon-2-ene
: ] — 1.1,1.4,5,5,6,6.7.7,8,8,8-tridecafiuoro-4- |
F16sE | CFaCH=CHCF(CF:)(CF2).C:Fs ) | Hor
_ (trifluoromethyi)hept-2-ene
F16tE CF3CH¥-CHC(CF3)2CF202F5 1,11 .6.6.6-octaﬂuoro—4.4-bis(triﬂuororhéthyl)hept-2-ene
F25E -- Q2F5CH=CH(CF2)4CF3 . 1.1.1.2.2,5.5.6,6,7,7,8.8.9.9,9-hexadecaﬂuoron6n-3-ene
— ' 1 1,1,1,2,2,5,5,6,6.7,8,8,8-tridecaflucro-7-
F25iE C,FsCH=CH-CF.CF,CF(CF3), ] : '
(trifluoromethyl)oct-3-ene
3 1,1,1,2,2,6,6,7,7,7-decafiuoro-5,5-
F25tE | C,FsCH=CH-C(CF3),C.Fs o
o _ bis(trifluoromethyl)hept-3-ene
F34E C,FsCF,CH=CH-(CF,),CF3 1,1.1.2,2,3,3.6,6,7,7,8.8,9.9,9-hexadecaﬂuoro_non-4—eneV_ '
- , : 1,11 ,2,2,3.3,6,6.7,8.8,8-tridecaﬂuoro-7-' -
F34iE- | C,FsCF,CH=CH-CF.CF(CF3), .
: : . o (trifluoromethyl)oct-4-ene
_ . — ' 1,1.1,2,2,3,3,6,7,7,8,8,8-tridecafluoro-6-
F34sE | C,FsCF,CH=CH-CF(CF3)C.Fs . '
: . (trifluoromethyl)oct-4-ene
F34LE C.F -CF.CH=CH-C(CF 1,1,1,5,5,6,6,7,7,7-decafluoro-2,2-
2FsCF2CH=CH-C(CFa)s bis(trifluoromethyl)hept-3-ene
F3l4E CE).CFCH=CH~CF -CF 1,1,1,2,5,5,6,6,7,7,8,8,8-tridecafluoro-
l — - . .
(CFak: ( A 2):CF 2(trifluoromethyl)oct-3-ene
F3iaiE : VCF CECH=CH-CF CF(CF) . 1,1,1,2,5,5,6,7,7,7-decafluoro-2,6-
i4i =
( )€ z *2 | bis(trifiuoromethylhept-3-ene
I 1,1,1,2,5,6,6,7,7,7-decafluoro-2,5-
F3i4sE | (CF3),CFCH=CH-CF(CF3)C:Fs Lo -
o bis(triftuoromethyl)hept-3-ene
. 1,1,1,2,6,6,6-heptafluoro-2,5,5-tris(trifluoromethyl)hex-3-
F3i4tE | (CF3),CFCH=CH-C(CF3)a .
4 ‘ ene
) 1,1,1,2,2,5,5,6,6,7,7,8.8,9,9,10,10,10-octadecafluorodec-
F26E C,FsCH=CH(CF;)sCF3
o _ : _ ) 3-ene
: . 1,1,1,2,2,5,6,6,7,7,8,8,9,9,9-pentadecafluoro-5-
F26sE | C,FsCH=CHCF(CF3)}(CF2).C.Fs .
(trifiuoromethyl)non-3-ene
: . 1.1,1,2.2,6,6.7.,7,8.8,8-dodecafluoro-5,5-
F26tE C,FsCH=CHC(CF3),CF.C:Fs Lo
bis(trifluoromethyl)oct-3-ene
C2FsCF,CH=CH-(CF2),CF3 1,1.1,2,2,3,3,6,6.7.7.8,8,9,9,10,10,10-octadecafluorodec-
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(CF3)aCCH=CH-C(CFa)a

. 4-ene
F35‘é | CoFsCF,CH=CH- 1 11,1,22,3,3,6,6,7,7,8,9,9,9-pentadecaflucro-8- -
' i o :
o CF,CF,CF(CF3). (trifluoromethyl)non-4-ene
A SRR 1,1,1,2,2,3,3,7,7,8,8,8-dodecafluoro-6,6-
© | F35tE .- | CoFsCF2,CH=CH-C(CF3),C.Fs o : .
ST S . bis(trifluoromethyl)oct-4-ene
. ) 1,1,1 .2,5,5,6.6,7.7.8.8,9.9,9-pentadecaﬂu6ro-2-
F3i5E | (CF3),CFCH=CH-(CF.)4CF, .
- ’ (trifluoromethyl)non-3-ene
- (CF3),CFCH=CH- 1,1.1,2,5,5,6,6,7.8,8,8-dodecafluoro-2, 7-
i5i '
CF,CF,CF(CF3)2 bis(trifluoromethyt)oct-3-ene
1. - 1,1,1,2,6,6,7,7,7-nonafluoro-2,5,5-
F3i5tE | (CF3),CFCH=CH-C(CF3),CsFs L
o : . . tris(trifiuoromethyl)hept-3-ene
1,1,1,2,2,3,3,4,4,7,7,8,8,9,9,10,10, 10-octadecafluorodec- '
F44E | CF3(CF,);CH=CH-(CF,)sCF3
, . 5-ene
N B DR - 1,1,1,2,3,3,6,6,7,7.8,8,9,9,9-pentadecafluoro-2-
F44iE- [ CF5(CF,);CH=CH-CF.CF(CF,), .
' , o - (trifluoromethyl)non-4-ene
' - 1,1,1,2,2,3,6,6,7,7,8,8,9,9,9-pentadecafluoro-3-
.| FA4sE CFg(CFz)gCH-':CH-CF(CFa)C2F5 . ’ '
. ' (trifluoromethyl)non-4-ene
’ : — 1,1,1,5,5,6,6,7,7,8,8,8-dodecafluoro-2,2,-
F44tE | CF5(CF;);CH=CH-C(CF3)s o
: bis(trifluoromethyl)oct-3-ene _
F4'4'E‘ (CF,),CFCF,CH=CH- 1,1,1,2,3,3,6,6,7,8,8,8-dodecafluoro-2,7-
idi
o CF,CF(CF3) bis(trifluoromethyi)oct-4-ene
FaidsE (CF3),CFCF,CH=CH- 1,1,1,2,3,3,6,7,7,8,8,8-dodecafluoro-2,6-
-4i4s
CF(CF3)CsFs bis(trifluoromethyl)oct-4-ene
: 1,1,1,5,5,6,7,7,7-nonafluoro-2,2,6-
F4i4tE | (CF;3).CFCF,CH=CH- C(CF3)3 L
: tris(trifluoromethyl)hept-3-ene
FAS4SE C,FsCF(CF3)CH=CH- 1,1.1,2,2,3,6,7,7,8,8,8-dodecafluoro-3,6-
s4s :
CF(CF3)CoF5 bis(trifluoromethyl)oct-4-ene
— 1,1,1,5,6.6,7,7,7-nonafluoro-2,2,5-
F4s4tE | C,FsCF(CF3)CH=CH- C(CF3), L :
. ' tris(triffuoromethyl)hept-3-ene
1,1,1,6,6,6-hexafluoro-2,2,5,5- .
FAt4tE

tetrakis(trifluoromethyl)hex-3-ene

25




10

15

20

25

30

WO 2007/126760 PCT/US2007/007477

‘ - - Compounds of Formula 5 may be prepared by contacting a
perfluoroalkyl iodide of the formula R'l with a perfluoroalkyltrihydroolefin of - '
the formula R°CH=CH; to form a trihydroiodoperfluoroalkane of the

" formula R'CH,CHIR?. This trihydroiodoperfluoroalkane can then be

dehydroiodinated to form R'CH=CHR?. Alternatively, the olefin
R’(_:H=CHR2 may be prepared by dehydroiodination of a

- trihydroiodoperfluoroalkane of the formula R'CHICH,R? formed in turn by -

* reacting a perfluoroalkyl iodide of the formula R?| with a
perfluoroalkyltrihydroolefin of the formula R'CH=CH..

Sai'd contacting of a perfluoroalkyl iodide with a perfluoroalkyitrihydroolefin '
“may take place in batch mode by combinihg the reactants in a suitable

reaction vessel capable of operating under the autogenous pressure df the.

reactants and products at reaction temperature. Suitable reaction vessels

_ include f'abricaté'd from stainless steels, in particular of the austenitic type,

- and thei well-known high nickel alloys such as Monel® nickel-copper
alloys, Hastélloy® nickel based alloys and Inconel® nickel-chromium
alloys. |
| Alternatively, the reaction may take be conducted in semi-batch
mode in which the perﬂljoroalkyltﬁhydrooleﬁn reactant is added to the

. perfluoroalkyl iodide reactant by means of a suitable addition apparatus
such as a pump at the reaction temperature. : .

| The ratio of perfluoroalkyl iodide to perfluoroalkyltrihydroolefin
T sﬁould be between _abouf 1:1 to about 4:1, preferably from about 1.5:1 to
- 2.5:1. Ratios less than 1.5:1 tend to result in large amounts of the 2:1

~ adduct as reported by Jeanneaux, et. al. in Journal of Fluorine Chemistry,
Vol. 4, pages 261-270 (1974). ' |
_ ' Preferred temperatures for contacting of said perfluoroalkyl
iodide with said perfluoroalkyltrinydroolefin are preferably within the range
of about 150°C to 300°C, preferably from about 170°C to about 250°C,
and most preferably from about 180°C to about 230°C.
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Suitable cpﬁtact’times for the reaction of the pe'rfluoroalkyl iodide with the
perfluoroalkyltrihydroolefin are from about 0.5 hour to 18 hours, preferably

_'from about 4 to about 12 hours.

‘The tnhydronodoperﬂuoroalkane prepared by reaction of the

perﬂuoroalkyl iodide with the perﬂuoroalkyltrlhydroolef n may be used

o 'dnrectly in the dehydrouodlnatlon step or may preferably be recovered and

10

. purn" ed by distillation prior to the dehydroiodination step.

The dehydroiodination step is carried out by contactlng the

,tnhydrmodoperﬂuoroalkane with a basic substance. Suitable basic
' substances include alkali metal hydrox1des (e.g., sodium hydroxide or

potass:um hydroxide), alkali metal oxide (for example, sodium oxide),
alkaline earth metal hydroxides (e.g., “calcium hydroxide), alkaline earth

‘ metal oxides (e.g., calcium oxide), alkali metal alkoxides (e.g., sodium

15 -

25

© 30

methoxnde or sodium ethoxide), aqueous ammonla sodium amide, or

mlxt_ures of basic substances such as soda lime. Preferred basic
subSta'nces are sodium hydroxide and potassium hydroxide. ‘
Said contacting of the trihydroiodoperﬂuoréalkane 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., methanol, ethanol, n-propanol, is()prppanol, n-

~ butanol, isobutanol, and tertiary'butano|), nitriles (e.g., acetonitrile,

propionitrile, butyronitrile, benzonitrile, or adiponitrile), dimethyl sulfoxide,
N.N-dimet_hylfo'rmamide. N,N-dimethylacetamide, or sulfolane. The choice

. of solvent 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 lsopropanol are good solvents for the reaction.

Typically, the dehydroiodination reaction may be carried out by

.addition of one of the reactants (either the basic substance or the

trihydroiodoperfluoroalkane) to the other reactant in a suitable reaction
vessel. Said reaction may be fabricated from glass, ceramic, or metal and

is preferably agitated with an impeller or stirring mechanism.
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~ Temperatures suitable for the dehydroiodinatidn reaction are

from about 1 0°C to about 100°C, preferably from about 20°C to about

o 70fC. The dehydroiodination reaction may be carried out at ambient

10

1.5 .

20

25

30

pressure or at reduced or elevated pressure. Of note are .

‘dehydroiodination reactions in which the compound of Formula | is distilled

out of the reaction vessel as it is formed.

Alternatively, the dehydronodlnatlon reaction may be conducted

, by contactmg an aqueous solution of said basic substance with a solution

of the trihydroiodoperfluoroalkane in one or more organic solvents of lower
polarity such as an alkane (e.g., hexane, heptane, or octane), aromatic

" hydrocarbon (e.g., toluene), halogenated hydrocarbon (e.g., methylene

chloride, chloroform, carbon tetrachloride, or perchloroethylene), or ether
(e.g., diethyl'ether methyl tert-buty! ether, tetrahydrofuran, 2-methy|

tetrahydrofuran dloxane dlmethoxyethane diglyme, or tetraglyme) in the

< mry

presence ofa phase transfer catalyst. Suitable phase transfer catalysts
include quaternary ammomum halides (e.g., tetrabutylammonium bromide,

“tetrabutylammonium hydrosulfate, tnethylbenz_ylammomum chloride,

' dodecyltrimethylammonium chloride, and tricaprylyimethylammonium

chloride), quaternary phosphonium halides (e.g.,

triphenylmethylphosphonium bromide and tetraphenylphosphonium

chloride), or cyclic polyether compounds known in the art as crown ethers -
(e.g., 18-crown-6 and 15-crown-5). ' '
, Alternatively, the dehydroiodination reaction may be conducted
in the absence of solvent by adding the trihydroiodoperfluoroalkane to a
solid or liquid basic substance.  :

' Suitable reaction times for the dehydroiodinatien reactions are
from about 15 minutes to about six hours or more depending on the

solubility .of the reactants. Typically the dehydroiodination reaction is rapid

-and requires about 30 minutes to about three hours for completion.

- The compound of formula | may be recovered from the dehydroiodination

reaction mixture by phase separation after addition of water, by distillation,
or by a combination thereof. '
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" In another embodiment of the present mventnon fluoroolef ins

compnse cycllc fluoroolefins (cyclo-[CX=CY(CZW),-] (Formula 6), wherein

XY, Z, .and W are independently selected from H and F, and n is an

) integer from 2 to' 5). In one embodiment the fluoroolefins of Formula 6,

. have at least about 3 carbon atoms in the molecule. In another
Aembodime'nt, the fluoroolefins of Formula 6 have at least about 4 carbon
atoms in the molecule. In yet another embodiment, the fluoroolefins df
'F_ormula 6 have at least about 5 carbon atoms in the molecule.

- Repr’esentétive cyclic fluoroolefins of Formula 6 are listed in Table 2.

, JABLE 2.
Cyclic . Structure Chemical name
fluoroolefins
FC_—C1316¢6_ | cyclo-CF,CF,CF=CF- 1,2,3,3,4,4-hexafluorocyclobutene
HFC-C1334cc ) cyclo—CF2CF2‘CH'=CH- .| 3,3,4,4-tetrafluorocyclobutene
HFC-C1436 cyclo-CF,CF,CF,CH=CH- 3,34,45,5,-

: R ‘ hexafluorocyclopentene
FC-C1418y cyclo-CF,CF=CFCF,CF»- 1,2,3,3,4,4,5,5-

| : E octafludrocyclopentene -
FC-C151-10y cyclo-CF,CF=CFCF,CF,CF,- | 1,2,3,3,4,4,5,5,6,6- .
decafluorocyclohexene

The compositions of the present invention may comprise a
single compound of Formula 5 or formula 6, for example, one of the
‘compounds in Table 1 or Table 2, or may comprise a combination of
compounds of Formula 5 or formula 6. ' '

In another embodiment, ﬂuoroolef ins may comprise those
compounds Ilsted in Table 3.

TABLE 3
Name | Structure Chemical name
HFC-1225ye CF3CF=CHF _ 1,2,3,3,3-pentaflucro-1-propene
' HFC-1225z¢ CF,CH=CF, 1,1,3,3,3-pentafluoro-1-propene
HFC-1225yc CHF.CF=CF, 1,1,2,3,3-pentafluoro-1-propene
HFC-1234ye . _ CHF,CF=CHF 1.2,3,3-tetrafluoro-1-propene
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HFC-1234yf - CF3;CF=CH, 2,3,3,3-tetrafluoro-1-propene
HFC-1234ze CF,CH=CHF 1,3,3,3-tetrafluoro-1-propene
HFC-1 2349c CH,FCF=CF, 1,1,2,3-tetrafluoro-1-propene
HFC-1234z¢c CHF,CH=CF, 1.1,3,3-tetrafluoro-1-propene
HFC-1243yf CHF,CF=CH, 2,3,3-triftuoro-1-propene
HFC-1 2432f - CF3CH=CH, 3.3,3-trifluoro-1-propene
HFC-1243yc CH.CF=CF .1, 2-tmifucro-1-propene
HFC-1243z¢c CH,FCH=CF, 1,1,3-trifluoro-1-propene
HFC-1243ye CH,FCF=CHF 1,2,3-trifluoro-1-propene
HFC-1243ze CHF,CH=CHF 1,3,3-trifluoro-1-propene
FC-1318my CFiCF=CFCF,3 1,1,1,2,3,4,4,4-octafluoro-2-butene
FC-1318cy CF3CF,CF=CF, 1,1,2,3,3,4,4,4-octafluoro-1-butene
HFC-1327my CF3CF=CHCF; 1,1,1,2,4,4,4-heptafluoro-2-butene
HFC-1327ye CHF=CFCF,CF; 1,2,3,3.4,4,4-heptafluoro-1-butene
HFC-1327py CHF,CF=CFCF; 1,1,1,2,3,4,4-heptafluoro-2-butene

| 1,3,3,3-tetrafluoro-2-

HFC-1327et (CF3),C=CHF )

‘ . (trifluoromethyl)-1-propene
HFC-1327cz CF,=CHCF.CF; 1.1 ,3.3,4,4.4-hebtaﬂuoro-1 -butene

HFC-1327cye

CF,=CFCHFCF,3

1,1,2,3,4,4 4-heptafluoro-1-butene

HFC-1327cyc

CFz"—'CFC FzCHFz

1,1,2,3,3,4,4-heptafluoro-1-butene

HFEC-1336yf

CF3CF,CF=CH-

2.3,3,4,4,4-hexafluoro-1-butene

HFC-1336ze

CHF=CHCF,CF3

1 ,3,3,4.4,4-hekaﬂuoro—1-butene i

HFC-1336eye

CHF=CFCHFCF;

1,2,3,4,4,4-hexafluoro-1-butene

HFC-1336eyc

CHF=CFCF.,CHF,

1,2,3,3,4,4-hexafluoro-1-butene

HFC-1336pyy

CHFzCF=CFCHF2

1,1,2,3,4,4-hexafluoro-2-butene

HFC-1336qy

CH_FCF=CFCF;

1,1,1,2,3.4-hexafluoro-2-butene

HFC-1336pz

CHF,CH=CFCF3

1,1,1,2,4,4-hexafluoro-2-butene

HFC-1336mzy

CF3CH=CFCHF,

1,1,1,3,4,4-hexafluoro-2-butene

HFC-1336qc

CF2=CFCF20H2F

1.1,2,3,3,4-hexafluoro-1-butene

HFC-1336pe

CF,=CFCHFCHF,

1.1.2.3,4.4-hexafiuoro-1-butene

HFC-1336ft

CH,=C(CF3)2

3,3,3-trifluoro-2-(triflucromethyl)-1-

propene

HFC-1345qz

CH,FCH=CFCF,

1,11 .2,4-pentéﬂuoro-2-butené

HFC-1345mzy

CF3CH=CFCH2F

1,1,1,3,4-pentafluoro-2-butene

HFC-1345fz

CF30F20H=CH2

3,3,4,4,4-pentafluoro-1-butene

HFC-1345mzz

CHFgCH=CHCF3 .

1,1,1,4,4-pentafluoro-2-butene

HFC-1345sy

CH;CF=CFCF,3

1,1,1,2,3-pentafluoro-2-butene
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HFC-1345fyc

CH,=CFCF,CHF,

2,3,3,4,4-pentafluoro-1-butene

"HFC-1345pyz .

CHF,CF=CHCHF,

1,1,2,4,4-pentafluoro-2-butene

[HFC1345cyc

CH3CF.CF=CF,

1,1,2,3,3-pentafluoro-1-butene

HFC-1345pyy

CHFCF=CFCHF,

1,1,2,3,4-pentafluoro-2-butene

HFC-1345eyc

CH,FCF,CF=CF,

1,2,3,3,4-pentafluoro-1-butene

HFC-1345cim

CF2=C(CF;)(CH3)

1.1,3,3,3-pentafluoro-2-methyl-1-
propene . ’

HFC-1345ftp

2-(difluoromethyl)-3,3,3-trifluoro-1-

CH,=C(CHF,)(CF3»)
. propene ,
HFC1345fye CH,=CFCHFCF, 2,3,4,4,4-pentafluoro-1-butene
HFC-1345eyf | CHF=CFCH,CF; 1,2.4,4,4-pentafiuoro-1-butene
" | HFC-1345eze | CHF=CHCHFCF; 1,3,4,4 4-pentafluoro-1-butene
HFC-1345ezc CHF=CHCF,CHF, 1,3.3,4,4-pentafluoro-1-butene
H_FC-1 345eye CHF=CFCHFCHF, 1,2,3,4,4-pentafluoro-1-butene
HFC-1354fzc . CH,=CHCF,CHF, 3,3,4,4-tetrafluoro-1-butene
. - : 1,1,3,3-tetrafluoro-2-methy!-1-
HFC-1354ctp CF2=C(CHF,)(CHj3)
, propene
N - i 1,3,3,3-tetrafluoro-2-methyl-1-
HFC-1354etm CHF=C(CF;)(CH,) .
propene
: : 2-{difluoromethyl)-3,3-difluoro-1-
"HFC-1354tfp CH,=C(CHF,),
o propene
HFC-1354my CF3CF=CHCH3 1,1,1,2-tetrafluoro-2-butene
HFC-1354mzy CHaCF=CHCF, 1,1,1,3-tetrafluoro-2-butene

| FC-141-10myy

CF3CF=CFCF.CF;

1,1.1,2,3,4,4,5,5,5-decafluoro-2-
pentene

FC-141-10cy

CF2=CFCF2CF20F3 .

11.2.33.4.4 5.5 5-decafiuoro-1-
pentene

HFC-1429mzt

(CF3),C=CHCF3

1,1,1,4,4,4-hexafluoro-2-
(trifluoromethyl)-2-butene

HFC-1428myz

CFaCF;‘CHCFzCFa

1,1,1,2,4,4,5,5,5-nonafluoro-2-

pentene
HFC-1429mzy 1,1,1,3,4,4,5,5,5-nonafluoro-2-
CF;CH=CFCF20F3 :
pentene :
_ 1,2,3,3,4,4,5,5,5-nonafluoro-1-
HFC-1428eyc CHF=CFCF.CF.CF;
pentene

HFC-1429czc

CF2=CHCFzCcmF3

1,1,3,3,4,4,5,5,5-nonafluoro-1-
pentene
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| HFC-1429cyce.

CF,=CFCF.CF,CHF;

1,1,2,3,3,4,4,5,5-nonafluoro-1-
pentene '

1.1,2,3,4,4,5,5,5-nonafluoro-2-

HFC-1429pyy CHF,CF=CFCF,CF3
. L , pentene ,
' 1,1,1,2,3,4,4 5,5-nonafluoro-2-
-HFC-1428myyc CF;CF=CFCF,CHF,
’ . ' pentene ’
) 1|1 |112)3)4,5.5.5_’nonaﬂu0r6-2‘
HFC-1429myye CFaCF=CFCHFCF;
L . : pentene

HFC-142%eyym

CHF=CFCF(CFa),

1,2,3,4,4 4-hexafluoro-3-
(trifluoromethyl)-1-butene

HFC-1429cyzm

CF2=CFCH(CF3)2

1.1.2,4,4,4-hexafluoro-3-
(trifluoromethyl)-1-butene

HFC-1429mzt

CF30H= C(CF3)2

1,1,1,4,4 4-hexafluoro-2-
(trifluoromethyl)-2-butene

HFC-1429czym

CF,=CHCF(CF3).

1,1,3,4,4,4-hexafluoro-3-
(trifiuoromethyl)-1-butene

HFC-1438fy

CHz’—'CFCFzCFzCFa

2.3.3.4.4.5,5,5-octafluoro-1-

pentene
1.2,3,3.4,4,5,5-octafluoro-1-
“HFC-1438eycc CHF=CFCF,CF,CHF, i
cq v - N pentene

HEC-1438ftmc

CH,=C(CF3)CF,CF3

3,3.4,4.4-pentaﬂuoro-2-
(trifluoromethyl)-1-butene .

HFC-1438czzm

CF2=CHCH(CF3)Z

1,1,4,4,4-pentafluoro-3-
(trifluoromethy!)-1-butene

HFC-1438ezym

CHF=CHCF(CF3),

1.3,4,4 4-pentafluoro-3-
(trifluoromethyl)-1-butene

HFC-1438ctmf

CFz_—'C(CFs)CHzC F3

1,1,4,4,4-pentafluoro-2-
(trifluoromethyl)-1-butene

(CF3),CFCH=CH;

3.4.4.4-tetrafluoro-3-

HFC-1447fzy )

) (trifluoromethyl)-1-butene
HFC-1447fz CF3CF,CF,CH=CH, 3,3,4,4,5,5,5-heptafluoro-1-pentene
HFC-1447fycc CH,=CFCF,CF,CHF, 2,3,3.4.4,5,5-heptafluoro-1-pentene

1,1,3.3,5.5,5-heptafiuoro-1-pentene
1,1,1,2,4,4,4-heptafluoro-3-methyl-
2-butene '

H_FC-1447cch CF,=CHCF.CH,CF;

HFC-1447mytm CF3CF=C(CF,)(CHs)

2,4,4,4-tetraﬂUoro—3- .

HFC-1447fyz _
: . (trifluoromethyl)-1-butene

CH,=CFCH(CFs),
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CHF=CHCH(CF3),

1.4,4,4-tetrafluoro-3-

HFC-1447ezz .
o o (triftuoromethyl)-1-butene
. - 1,4 .4 4-tetrafluoro-2-
HFC-1447qzt CH,FCH=C(CF3). . :
S : (trifluoromethyl)-2-butene
’ ] 2.4 4 4-tetrafluoro-2-
HFC-1447syt . CH3;CF=C(CF3),

(trifluoromethyl)-2-butene

HFC-1456szt

(CF3):C=CHCH;

3-(trifluoromethyl)-4,4,4-triflucro-2-
butene -

HFC-1456szy

CF;CF,CF=CHCH;,4

3.4,4,5,5 5-hexafluoro-2-pentene

HFC-1456mstz

CF3C(CH3)=CHCF,

1,1,1,4,4,4-hexafluoro-2-methyl-2--
butene

HFC-1456fzce

CH2=CHCF20HFCF3

3,3,4,5,5,5-hexafluoro-1-pentene

HFC-1456ftmf

CH2=C(CF3)CH2CF3

4.4.4-triﬂuoro-2-(tﬁﬂuoromethyl)-1;'
butene ‘ '

FC-151-12¢ -

1C F:,(C F2)30 F=C Fz

1,1,2,3,3,4,4,5,5,6,6,6-
dodecafluoro-1-hexene (or
perfluoro-1-hexene)

FC-151-12mcy

CFsCF,CF=CFCF,CF3

1,1,1.2,2,3.4,5,5,6,6,6-
dodecafluoro-3-hexene (or
perfluoro-3-hexene)

FC-151-12mmtt

(CF3)2_0=C(C Fa)2

1,1,1,4,4,4-hexafluoro-2,3-
bis(trifluoromethyl)-2-butene

| FC-151-12mmzz

(CF3),CFCF=CFCF;

1,1,1,2,3,4,5,5,5-nonafluoro-4-
(trifluoromethyl)-2-pentene

HFC-152-11mmtz

(C F3)20=CH02F5

1,1,1,4,4,5,5,5-octafluoro-2-
(trifluoromethyl)-2-pentene

1"HFC-152-11mmyyz

(CF3),CFCF=CHCF,

1,1,1,3,4,5,5,5-octafluoro-4-
(trifluoromethy!)-2-pentene

| PFBE
(or HFC-1549fz)

CFaCFzCFzCFzCH=CH2

3,3,4,4,5,5,6,6,6-nonafluoro-1-
hexene (or perflucrobutylethylene)

HFC-15649fztmm

CH,=CHC(CF3),

4,4,4-trifluoro-3, 3-
bis(triflucromethyl)-1-butene

.| HFC-1549mmitts

(CF3),C=C(CH,)(CFs)

1,1,1,4,4,4-hexafluoro-3-methyl-2-
(trifluoromethyt)-2-butene

"HFC-1549fycz

CH2=CFCF20H(CF3)2

2,3,3,5,5,5-hexafluoro-4-
(trifluoromethyl)-1-pentene

[HFC-1549myts

T CF.CF=C(CH,)CF,CF,

1,1,1,2,4,4,5,5,5-nonafluoro-3-
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methyl-2-pentene

HFC:1549mzzz

CF3CH=CHCH(CF3):

1,1.1,5,5,5-hexafluoro-4-
(trifluoromethyl)-2-pentene

HFC-1558szy

CFaCF,CF,CF=CHCH3;

3,4,4,5,5,6,6,6-octafluoro-2-hexene

HFC-1558fzccc

CH2=CHCF20F20F2CHF2

3,3.4,4,5,5,6,6-octafluoro-2-hexene

HFC-1558mmtzc

(CF3),C=CHCF,CH;

1,1,1,4,4-pentafluoro-2-
(trifluoromethyl)-2-pentene

HFC-1558ftmf

CH2=C(CF3)CH202F5

4,4,5,5,5-pentafluoro-2-
(trifluoromethyl)-1-pentene

3,3,4,4,5,5,5-heptafluoro-2-methyl-

- HFC-1567fts CFaCF,CF,C(CH3)=CH,
] 1-pentene
HFC-1567szz CF;CF,CF,CH=CHCHj; 4.4 5,5,6,6,6-heptafluoro-2-hexene
HFC-1567fzfc CH,=CHCH,CF,C,Fs 4.4 5,5,6,6 6-heptafluoro-1-hexene
HFC-1567sfyy CF3CF,CF=CFC,Hs 1,1,1,2,2,3,4-heptafluoro-3-hexene
4,5,5,5-tetrafluoro-4-
HFC-1567fzfy CH,=CHCH,CF(CF3),

(trifftuoromethyl)-1-pentene

HFC-1567myzzm

CF3CF=CHCH(CFs)}(CHs)

1,1,1,2,5,5,5-heptafluoro-4-methyl-
2-pentene

HFC-1567mmtyf

(C F3)20=CF02H5

1,1,1,3-tetrafluoro-2-
(trifluoromethyl)-2-pentene -

FC-161-14myy

CF,CF=CFCF,CF.CsFs

1 |1 ) 1 '233|4'4|5.5.6.6|7,7,7-
tetradecafluoro-2-heptene

FC-161-14mcyy

CFgC FgC F=CFC F2C2F5

1,1,1,2,2,3,4,5,56,6,7,7,7-
tetradecafluoro-2-heptene

HFC-162-13mzy

CFgCH=CFCF2C F202F5

1,1,1,34,4556,6,7,7,7-
tridecafluoro-2-heptene

‘| HFC162-13myz

CF3CF=CHCF20F2C2F5

1,1,1,24,4556,6,7,7,7-
tridecafluoro-2-heptene

HFC-162-13mczy

CF3CF2CH=CFCF202F5

1,1,1.2,2,45,56,6,7,7,7-
tridecafluoro-3-heptene

HFC-162-13mcyz

CFgCFzCF=CHCF202F5

1,1,1,2,2,3,5,56,6,7,7,7-
tridecafluoro-3-heptene

PEVE

CF,=CFOCF,CF3

pentafluoroethyl trifftuorovinyl ether

PMVE

CF2=CFOCF3

trifiuoromethyl trifiuorovinyl ether
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The 'compounds_ listed in Table 2 and Table 3 are available

' commercially or may be prepared by processés known in the art or as
described herein. ' '

1.1,1.4, 4 pentaﬂuoro-2 butene may be prepared from1,1,1,244-

-,héxaﬂuorobutane (CHFZCHchFCF3) by dehydroﬂuorlnatnon oversolid
" KOH in the vapor phase at room temperature. The synthesis of |

1,1 1,24 4- hexafluorobutane is descnbed in US 6,066,768, lncorporated

hereln by reference.

1,1,1,4,4,4-hexafluoro-2-butene may be prepared from 1,1,1,4,4,4-

‘ Aheiaﬂuoro-z-lodobutane (CF3CHICH,CF3) by reaction with KOH using a
phase transfer catalyst at about 60°C. The synthesis of 1,1,1,4,4,4-

hexafluoro-2-iodobutane may be carried out by reaction of perfluoromethyi
iodide (CFal) and 3,3,3-trifluoropropene (CF3;CH=CH) at about 200°C

.. - under autogenous pressure for about 8 hours.

15
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3,'4.4.5.5.5-hekaﬂuoro-2-pentene may be prepared by
dehydroﬂuorination of 1,1,1,2,2,3,3-heptafluoropentane

' (CF3CF2CF2CH2CHs) using solid KOH or over a carbon catalyst at 200-
- 300 °C.‘1,1 N ,2,2,3,3-heptaﬂuoropentane may be prepared by
- hydrogenation of 3,3,4,4,5,5,5-heptafluoro-1-pentene
' (CF3CF,CF;CH=CH,).

1,1,1,2,3,4-hexafluoro-2-butene may be prepared by

. dehydroﬂuonnatlon of1,1,1,2,3,3 4-heptaﬂuorobutane (CHZFCcmHFCFg)
. using solid KOH.

1,1,1,2,44- hexafluoro-2-butene may be prepared by

: dehydroﬂuorlnatlon of 1,1,1,2,2,4.4- heptaﬂuorobutane (CHFZCHZCF2CF3)
usmg solid KOH.

1 1,1,3,4,4-hexafluoro2-butene may be prepared by
dehydroﬂuormatlon of 1,1,1,3,3,4,4- heptaﬂuorobutane (CF3CH2CF2CHEF?)

" u usmg solid KOH.

1,1,1,2, 4-pentaﬂuoro-2 -butene may be prepared by
dehydroﬂuonnatlon of 1,1,1,2,2,3- hexaﬂuorobutane (CHzFCHZCFZCFs)

- usmg solid KOH.
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1,1;1 ,3,4-pentaﬂuoro-2—butene may be prepared by
dehydreﬂLiorination of 1,1,1,3,3,4-hexafluorobutane (CF3CH.CF2CH2F)
usmg solid KOH.

1,1,1,3-tetrafluoro-2-butene may be prepared by reactrng 1,1,1,3,3-

‘pentaﬂuorobutane ( CFsCH,CF2CHa) with aqueous KOH at 120 °C.

o 1,1,1,4,4,5,5,5- octaﬂuoro—Z-pentene may be prepared from
(CF3CHICHCF2CFs3) by reaction with KOH using a phase transfer catalyst

o ét'é_boui 60°C. The synthesis of 4-iodo-1 .1.1,2,2,5,5,5-octafluoropentane
- may be carried out by reaction of perfluoroethyliodide (CF3CF-l) and 3,3,3-

trifluoropropene at about 200°C under autogenous pressure for about 8

hours.

1,1,1,2,2,5,5,6,6,6-decafluoro-3-hexene may be prepared from

111,225, 5,6,6,6-decafluoro-3-iodohexane (CF3CFZCHICH20F20F3) by

15

20

25
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"_reaction with KOH usmg a phase transfer catalyst at about 60°C. The

syntheS|s of 1,1,1,2,2,5,5,6,6,6- decafluoro-3-iodohexane may be carried

" out by reaction of perfluoroethyliodide (CF3CF2l) and 3,3,4,4,4- -pentafluoro-

1-butene (CF3CF2CH=CH,) at about 200°C under autogenous pressure for
about 8 hours. | '

- 1,1,1,4,5,5,5- heptaﬂuoro-4 -(trifluoromethyl)-2- pentene may be
prepared by the dehydrofluorination of 1,1,1,2,5,5,5- heptaﬂuoro-4 |odo-2-
(trlﬂuoromethyl) pentane (CFacHICHZCF(CFa)z) with KOH in |sopropano|
CF3CHICH20F(CF3)2 is ' made from reaction of (CF3)CF1 with CF3CH= CH;

- at high temperature, such as about 200 °C.

1,1,1,4,4,5,5,6,6,6-decafluoro-2-hexene may be prepared by the
reaction of 1,1 ,1,4,4,4-hexafluoro-2-butene (CFaCH=CHCF3) with

‘tetrafluoroethylene (CF,=CF,) and antimony pentafluoride (SbFs).

2,3,3,4,4-pentafluoro-1-butene may be prepared by

. dehydrofluorination of 1,1,2,2,3,3-hexafluorobutane over.fluorided alumina

at elevated temperature. 4
2.,3,3,4,4,5,5,5-ocatafluoro-1-pentene may be prepared by
dehydroflucrination of 2,2,3,3,4,4,5,5,5—nbhaﬂuoropenta'ne over solid KOH.
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1,2,3,3,4,4,5,5-octafluoro- -1-pentene may be prepared by

_dehydroﬂuonnatlon of 2,2,3, 344, 5,5,5-nonafluoropentane over ﬂuorlded

' -‘alumlna at elevated temperature.

- Many of the compounds of Formula 5, Formula 6, Table 1,

B Table 2, and Table 3 exist as different configurational isomers or
i stereorsomers When the specific isomer is not desngnated the present

invention is intended to include all single confi guratlonal isomers, single

' . stereoisomers, or any combination thereof. For instance, F11E is meant

.. torepresent the E-isomer, Z-isomer, or any combination or mixture of both
10

isomers in any ratio. As another example, HFC-1225ye is meant to

~--represent the E-isomer, Z-isomer, or any combination or mixture of both

. isomers in any ratio.

- 15

20

in one embodiment, the hydrofluorocarbon (HFC) refrigerants

‘ p_f the preéeht invention comprise saturated compounds containing carbon,
hydrogen; and fluorine. Of particular utility are hydrofluorocarbons having

~ 1-7 carbon atoms and having a normal boiling point of frpm about -90°C to

about 80°C. Hydrbﬂuorocarbons are commercial producis available from

a number of sources such as E. |. du Pont de Nerr\ours & Co.,

Fluoroproducts, Wilmington, DE, 19898, USA, or may be prepared by
methods known in the art. Representative hydrofluorocarbon compounds

. mclude but are not limited to fluoromethane (CHaF, HFC-41)

- 25

30

_dlﬂuoromethane (CH,F2, HFC-32), trifluoromethane (CHF3, HFC-23),
.pentafluoroethane (CF3;CHF2, HFC-125), 1,1,2,2-tetrafluoroethane

(CHFZCHFz, HFC-134), 1,1,1,2-tetrafluoroethane (CF3CH,F, HFC-134a),
1,1,1-trifluoroethane (CF3CH;, HFC-143a), 1,1-difluoroethane (CHF2CHj,

.'_HFC-1 52a), fluoroethane (CHiCH.F, HFC-161), 1,1,1,2,2,3,3-
"heptafluoropropane (CF3CF,CHF,, HFC-227ca), 1,1,1,2,3,3,3-
"heptafluoropropane (CFsCHFCF3, HFC-227ea), 1,1,2,2,3,3,-
"hexafluoropropane (CHF,CF,CHFa, HFC-236ca), 1,1,1,2,2,3-

‘ hexaﬂuoropropane (CFaCF3CH,F, HFC-236¢b), 1,1,1,2,3,3-

hexafluoropropane (CF;CHFCHF;, HFC-236ea), 1,1,1,3,3,3-

~ hexafluoropropane (CF3CHCFs3, HFC-236fa), 1,1,2,2,3-
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pentafluoropropane (CHF,CF,CH,F, HFC-245ca), 1,1,1,2,2-

'pentaﬂuoropropane (CF3CF,CH3, HFC-245cb), 1,1,2,3,3-
- pentafluoropropane (CHF,CHFCHF2, HFC-245ea), 1,1,1,2,3-

pentafluoropropane (CF;CHFCHF, HFC-245eb), 1,1,1,3,3-
pentaﬂuoropropane (CF3CH,CHF,, HFC-245fa), 1,2,2,3-
tetrafluoropropane (CH,FCF.CH.F, HFC-254ca), 1,1,2,2-

: tetrafluoroprdpane (CHF2CF,CHj, HFC-254cb), 1,1,2,3-tetrafluoropropane -

(CHF,CHFCH,F, HFC-254ea), 1,1,1,2-tetrafluoropropane (CF3CHFCH3,
HFC-254eb), 1,1,3,3-tetrafluoropropane (CHF2CH.CHF;, HFC-254fa),
1,1,1,3-tetrafluoropropane (CF3CH.CHyF, HFC-254fb), 1,1,1-

trifluoropropane (CF3CH>CH3;, HFC-263fb), 2,2-difluoropropane

(CH3CF2CHa, HFC-272c¢a), 1,2-difluoropropane (CH,FCHFCHs;, HFC-

. 272ea), 1,3-diflucropropane (CHzFCH,CH2F, HFC-272fa), 1,1-
difluoropropane (CHF2CH;CHj, HFC-272fb), 2-fluoropropane

(CH3CHFCH,;, HFC-281ea), 1-fluoropropane (CH2FCH2CHj, HFC—281fa),‘
1,1,2,2,3,3,4,4-octafluorobutane (CHF.CF>CF2CHF;, HFC-338pcc),

1,11 2,2,4,4,4-octafluorobutane (CF3CH2CF,CF3, HFC-338mf), 1,1,1,3,3-

pentafluorobutane (CF3CH2CHF,, HFC-365mfc), 1,1,1 2,3,4,45,5,5-
decafluoropentane (CFsCHFCHFCF.CF3, HFC-43-10mee), and
1,1,1,2,2,3,4,5,5,6,6,7,7,7-tetradecafluorocheptane

' (QF30F2CHFCHFCF2CFZCF3, HFC-63-14mee).

In one embodiment, the hydrocarbon refrigerants of the present

“invention comprise compounds having only carbon and hydrogen. Of
‘particular utility are compounds having 3-7 carbon atoms. Hydrocarbons

are commercially available through numerous chemical suppliers.
i

Representative hydrocarbons include but are not limited to propane, n-

butane, isobutane, cyclobutane, n-pentane, 2-methylbutane, 2,2-
dimethylpropane, cyclopentane, n-hexane, 2-methylpentane, 2,2-
dimethylbutane, 2,3-dimethylbutane, 3-methylpentane, cyclohexane, n-

1

h'éptane, and cycloheptane.
. Refrigerants may also comprise hydrocarbons containing
heteroatoms, such as dimethylether (DME, CH3;0CHa), and may be
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‘included as refrigerants of the present invention. DME is commercially
. av'ailab.le. .

- _Refrigerant's may also comprise carbbn dioxide (COz), which is
.commercially available from various sources or may be prepared by
'methods known in the art. )

Refrigerants may also comprise ammonia (NH3), which is
commercially available from various sources or may be prepared by
methods known in the art.

. | Of particular note are compositions comprising:
HFC-1225ye and CFal;

~ HFC-1234yf and CF3l; _

‘HFC- 1234yf HFC-125, and CFail;

' HFC 1234yf HFC-134a, and CF3l;

15
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HFC -1234yf, HFC-152a, and CF3l;
HFC~1234yf, HFC-32, and CFal;
HFC-1225ye, HFC-152a, and CFyl;
trans-HFC-1234ze, HFC-152a, and CFal;
HFC-1225ye, HFC-134a, HFC-32, and CF3l; . _
I;-IFC-122'5ye, HFC-1234yf, HFC-134a, HFC-32, and CF3l;
'HFC-1225ye, HFC-1234yf, HFC-32, and CFal; :
- HFC-1225ye, HFC-1234yf, and HFC-32;
'_HFC-1225ye HFC-1234yf, HFC-32, and CF3I and
.HFC -1225ye, HFC-1234yf and HFC-125. .
_ . Additional compositions compnsmg ﬂuoroolef ins as disclosed in
U.S. Patent application no. 11/369,227 filed March 2, 2006; U.S. Patent
applicatioh no. 11/393,109 filed March 30, 2006; and U. S. Patent
: épplication no. 11/486,791 filed July 13, 2006; are intended to be included
within the scope refrigerants that may be added to the compositions
‘ 'cémpriéing iodotrifluoromethane.
, ‘ ‘The compositions of the present invention may further comprise
" at least one lubricant. Lubricants of the present invention comprise those
suitable for use with refrigeration or air-conditioning apparatus. Among
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these lubricants are those conventionally used in compression
refrigeration apparatus utilizing chloroﬂuorocarbon refrigerants. Such
Iu’bricahts and their properties are discussed in the 1990 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 commonly known as “mineral oils” in the field of

compression refrigeration lubrication. Mineral oils comprise paraffins (i.e.
straight-chain and branched-carbon-chain, saturated hydrocarbons),

'naphthenes (i.e. cyclic orring structure saturated hydrocarbons, which
.r'nay be para‘fﬁns) and aromatics (i.e. unsaturated, cyclic hydrocarbons

containing one or more rings characterized by alternating double bonds).
Lubricants of the present invention further comprise those commonly

. known as “synthetic oils” in the field of compression réfrigeration

" Jubrication. Synthetic oils comprise alkylaryls (i.e. linear and branched

alkyl alkylbenzenes), synthetic paraffins and naphthenes, silicones, and
poly-alpha-olefins. Representative conventional lubricants of the present
invention are the commercially available BVM 100 N (paraffinic mineral oil

sold by BVA Oils), Suniso® 3GS and Suniso® 5GS (naphthenic mine_rai oil
sold by Crompton Co.), Sontex® 372LT (naphthenic mineral oil sold by

Pennzoil), Calumet® RO-30 (naphthenié mineral oil sold by Calument
Lubricants), Zerol® 75, Zerol® 150 and Zerol® 500 (linear alkylbenzenes
sold by 'Shrieve Chemicals) and HAB 22 (branched alkylbenzene sold by
Nippon Oil).

' Lubricants of the present invention further comprise those
which have been designed for use with hydrofluorocarbon refrigerants and

are miscible with compositions of the present invention under typical

. compression refrigeration and air-conditioning apparatus’ operating

conditions. Such lubricants and their properties are discussed in

,“Synthétic Lubricants and High-Performance Fluids”, R. L. Shubkin, editor,

Marcel Dekker, 1993. Such lubricants include, but are not limited to,
polyol esters (POEs) such as Castrol® 100 (Castrol, United Kingdom),
40
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pelyalkylene glycols (PAGs) sUch as RL-488A from Dow (Dow Chemical,
Midland, Michigan), and polyvinyl ethers (PVEs) and polycarbonates (PCs)

_including but not limited to 2320F (from Mitsui Petrochemicals, Ltd. of

Japan).

Lubricants of the present invention are selected by considering

" a given compressor’'s requirements and the environment to which the
* lubricant will be exposed.

- The compositions of the present invention may be prepared by

,ény convenient method to combine the desired amount of the individual

domponents. A preferred method is to weigh the desired component

‘amounts and thereafter combine the components in an appropriate vessel.

Agitation may be used, if desired.

Any suitable effective amount of stabilizer may be used in the

-compositions comprising iodotrifluoromethane. As described herein, the

phrase “effective amount” refers to an amount of stabilizer of the present
invention which, when added to a composition comprising

iodotrifluoromethane, results in a composition that will not degrade to

produce as great a reduction in refrigeration performance when in use in a.

_cooling apparatus as compared to the composition without stabilizer.

Such effective amounts of stabilizer may be determined by way of testing
under the conditions of standard test ASHRAE/ANSI (American Society of

.Heatihg, Refrigerating and Air-Conditioning Engineers and American

National Standards Institute) 97-2004. In a certain embodiment of the
present invention, an effective amount may be said to be that amount of

stabilizer that when combined with a composition comprising

" jodotrifluoromethane allows a cooling apparatus utilizing said composition

eomprising iodotrifluoromethane to perform at the same level of
refrigeration performance and cooling capacity as if a composition
comprising 1,1,1,2-tetrafluoroethane (R-134a), or other standard
refrigerant (R-12, R-22, R-502, R-507A, R-508, R401A, R401B, R402A,
R402B, R408, R-410A, R-404A, R407C, R-413A, R417A, R-422A, R-
422B, R-422C, R422D, R423, R-114, R-11, R-113, R-123, R-124,
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R236fa, or R-245fa) depending upon what refrigerant may have been used -
“ina simi]ar system in the past, were being utilized as the working fluid. '
' | In one embodiment an effective amount of stabilizer for use in
~ the present invention comprise from about 0.001 weight percent to about
.10 weighf percent stabilizer based on the total weight of composition.
comprising iodotrifluoromethane as described herein. In another
‘embodiment an effective amount of stabilizer comprises from about 0.01

- weight p'erce"nt to about 5 weight percent stabilizer. In another

. 10

embodiment, an effective amount of stabilizer comprises from about 0.3
weight percent to about 4 weight percent stabilizer. In yet another
~ embodiment, an effective amount of stabilizer comprises from about 0.3
' Wéight percent to about 1 weight percent stabilizer based on the total

weight of compositions comprising iodotrifluoromethane as described

- herein.
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The present invention further relates to a method for stabilizing
a composition comprising iodotrifluoromethane, said method comprising
. adding an effective amount of a stabilizer composition wherein said
. ‘stabilizer composition comprises at least one stabilizer selected from the
group consisting of hindered phenols, thiophosphates, butylated

‘triphenylphosphorothionates. organo phosphates, or phosphites, aryl alkyl
ethers, terpenes, terpenoids, epoxides, fluorinated epoxides, oxetanes,
‘éscorbic acid, thiols, lactones, thioethers, amines, nitromethane,
alkylsilanes, benszhenone derivatives, aryl sulfides, divinyl terephalic
acid, diphenyl terephalic acid, ionic liquids, and mixtures thereof.

. The present invention further relates to a process for producing
cooling comprising condensing a composition comprising
iodotrifluoromethane and an effective amount at least one stabilizer

" selected from the group consisting of phenols, thiophosbhates, butylated
. triphenylphosphorothionates, organo phosphates, phosphites, aryl alkyl

'éthers, terpenes, terpenoids, epoxides, fluorinated epoxides, oxetanes,
ascorbic-acid, thiols, lactones, thioethers, amines, nitromethane,

N a[kylsilanes, benzophenone derivatives, aryl sulfides, divinyl terephalic
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acid, diphenyl terephalic acid, ionic liquids, and mixtures thereof., and

thereafter: evaporating said composition in the vicinity of a body to bé

" cooled.

' A body to be cooled may be any space, location or object

'requlnng refngeratlon or air-conditioning.. In statlonary applications the

body may be the interior of a structure, i.e. residential or commercial, or a

storage lo‘_cation for perishables, such as food or pharmaceuticals. For

‘mobile refrigeration applications the body may be incorporated into a
~ transportation unit for the road, rail, sea or air. Certain refrigeration

systems operate independently with regards to any moving carrier, the#e

~ are known as “intermodal’ systems. Such intermodal systems include

“éoritainer‘s” (combined seafland transport) as well as “swap bodies”

_ (combmed road and rail transport).

" The present invention further relates to a process for producing
heat comprising condensing a composition comprising
iodotrifluoromethane and an effective amount of at least one stabilizer

' _Selected from the group consisting of phenols, thiophosphates, butylated

tribhenylphosphorothionates, organo phosphates, phosphites, aryl alkyl

.ethers terpenes, terpenoids, epoxides, fluorinated epoxides, oxetanes,
~ascorb|c acid, thlols lactones, thioethers, amines, nitromethane, .
'alkylsﬂanes benzophenone denvatwes aryl sulfides, divinyl terephahc
Iach, dlphenyl terephalic acid, ionic liquids, and mixtures thereof, in the

vicinity of a body to be heated, and thereafter evaporating said
composition.

- A body to be heated may be any space, location or object
requiring heat. These may be the interior of structures either residential or

. commercial in a similar manner to the body to be cooled. Additionally,

mobile units as described for cooling may be similar to those requiring

'heating Certain transport units require heating to prevent the material

belng transported from solidifying inside the transport container.

It is not uncommon for air to leak into a refrigeration, air-

fconditionlng system or heat pump. The oxygen in the air may lead to
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oxidation of certain components of the system including the working fluid.

= Thus, in 'énother embodiment, also disclosed is a method for reducing

-‘d'e_gradatidn ofa compositioh comprising iodotrifluoromethane, wherein

. said degradation is caused by the presence of inadvertent air; for example

.f'in_ a refrigeration, air-conditioning or heat pump system, said method
: éomprising adding at least one stabilizer selected from the grodp
_ ’Consisting of phenols, thiophosphates, butylated

E - triphenylphosphprothionates, organo phosphates, phosphites, terpenes,
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~terpenoids, epoxides, fluorinated epoxides, oxetanes, ascorbic acid, thiols,

lactones, thicethers, amines, nitromethane, alkylsilanes, benzophenone

" - derivatives, aryl sulfides, divinyl terephalic acid, diphenyl terephalic acid,
- ionic liquids, and mixtures thereof to the composition comprising
- jodotrifluoromethane.

EXAMPLES

For the examples the following descriptions apply:

.'PAG 488 is Ucon® PAG 488, a polyalkylene glycol lubricant from Dow

Chemlcal Company.

5GS is Suniso® 5GS, a naphthenic mineral oil from Crompton.

Irgalube® 63 is a dithiophosphate from Ciba.

'Irgalube® 232 is a butylated triphenyl phosphorothlonate from Ciba.

Irgalube® 349 is a mixture of amine phosphates from Ciba.

.'Irgalube® 350 and Irgalube® 353 are a dialkyl dlthaophosphate ester from

'Clba

OXT-101 is 3-ethyl-3-hydroxymethyloxetane from Toagosei Company.
.'BHT is butylated hydroxyl toluene (or 2 6-d|-te|1-butyl—4 -methylphenol).

Tinuvin® 622LD is a hindered amine from Ciba. .
, HP-1 36 is 5,7-di-t-butyl-3-(3-4-dimethylphenyl)-3H-benzofuran-2-one from

Ciba.

Emlm-BF4 is 1-ethyl-3- methyllmldazollum tetrafluoroborate available from
Fluka (Sigma-Aldrich).
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EXAMPLE 1

Refrigeration svstem chemical stability

~ A chemical stability test is run under conditions described in

ASHRAE/ANSI (Amencan Society of Heating, Refngeratlng and Air-

Condltlonlng Engineers and American National Standards Instltute)
Standard 97-2004 to determine chemical stability of the compositions of
the bresent invention as compared to compositions with no stabilizers.

" The procedure is given here: .
i. _ Metal coupons of copper, aluminum and steel are placed in thick
| .walled glass tubes.

2. Refrigerant samples, including lubricant, are prepared with and W|thout -

' stabilizers, and optionally with 2 volume % air added to the tube.

. 3 ‘Samples are added to the sealed tubes as described in the standard.

4. The tubes are sealed with aglass b|ownng torch.
5. The sealed tubes are heated in an oven for 14 days at the specifi ed

. temperature.

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

"examined for metal/liquid appearance, proper VOlume of liquid,

appearance of glass, and absence of extraneous materials such as metal

- fines.

7. Ratings are assigned to each sample based upon the following criteria.
‘ -0: No observable change 0
" 1 = light changes on coupons and liquids;

2 = light to moderate changes dn coupons or liquids;
3 = moderate to significant changes on coupons or liquids; -
. 4 = severe changes on coupons or liquids; '

5 = extreme changes on coupons or liquids, i.e. black liquid or

coked with many deposits.

',Table 4 lists estimated results for stabilizers of the present invention as

cqmpared to unstabilized compositions. The lubricant is combined with the
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refrigerant_to prbduce a ¢omposition that was 50 wt% refrigerant and 50
~ wt% lubricant. '

TABLE 4
Stabilizer
weight
. perceni in With Temp, |Results-
Lubricant Stabilizer .
Refrigerant |2 vol% Air (°C) Rating

flubricant

mixture:
CFal PAG 488 |none 0 yes 130 5
CFal PAG 488 |none 0 no 130 4
" |CFal PAG 488 |irgalube® 63 2 yes 130 3
el PAG 488 |Irgalube® 63 2 no 130 2
CF,l PAG 488 |irgalube® 232 2 yes 130 3
CFl PAG 488 |irgalube® 232 2 no 130 2
CFal PAG 488 |Irgalube® 349 2 yes 130 3
CFa.l PAG 488 |irgalube® 349 2 no 130 2
CFal PAG 488 |Irgalube® 350 2 yes 130 3
CF3l PAG 488 {Irgalube® 350 2 no 130 2
CF,l PAG 488 |Irgalube® 353 2 yes 130 3
CF3l PAG 488 llrgalube® 353 2 ‘no 130 2
{CFal PAG 488 [d-limonene 2 yes 130 3
CF, PAG 488 |d-limonene 2 no 130 2
CF,l PAG 488 [naphthalene 2 yes 130 3
CF,l PAG 488 |naphthalene 2 no 130 2.
CFa4 _ |PAG 488 [anisole 2 yes 130 3
CF,l PAG 488 lanisole 2 no 130 2
CF,l PAG 488 |Trifluoromethyloxirane 2 yes 130 3
CFal PAG 488 [Trifluoromethyloxirane 2 no 130 2
CFa  |PAG 488 |OXT-101 | 2 yes - 130 3
CF,l PAG 488 |OXT-101 2 no 130 2
CF,l PAG 488 |ascorbic acid 2 yes 130 3
CF.  |PAG 488 |ascorbic acid 2 no | 130 3
CF,l PAG 488 |methyl mercaptan 2 yes 130 3
CFal PAG 488 methyl mercaptan 2 no 130 2

46




WO 2007/126760 PCT/US2007/007477

CFy  |PAG 488 |gamma-undecalactone yes 130

2 3
lcFal PAG 488 |gamma-undecalactone 2 no 130 2
“lcFa PAG 488. |benzyl phenyl sulfide 2 yes 130 3
CF,l PAG 488 |benzyl phenyl sulfide ‘2 no 130 2
CF. __ |PAG 488 [1,2-butylene oxide 2 yes 130 3
CFy - |PAG 488 .|1.2-butylene oxide 2 no 130 "2
CFl PAG 488 |diisopropylamine 2 yes 130 3
CFJ . |PAG 488 [diisopropylamine 2 no 130 2
" |cFal PAG 488 |nitromethane 2 yes | - 130 3
CFyl - [PAG488 [nitromethane 2 no . 130 2.
‘ CFyl PAG 488 tris(trimethylsflyl)silane s 2 T yes . 130 3
CFa |PAG488 |ws(timethyisilysiane 2 o . | 130 2
CFa_ |PAG488 [tocopherl 2 yes 130 3
‘[CFal PAG 488 |tocopherol 2 no | 130 -2
CFsl PAG 488 |hydroquinone 2 yes 130 3.
 [cFa - |PAG 488 [nydroquinone 2 no | - 130 | 2
[cFa |PAG48B8 [BHT 2 yes 130 3
CFy _ |PAG488 [BHT 2 no 130 2
CF,l PAG 488 |Divinyl terephthalic acid 2 yes - 130 3
CFal PAG 488 |Divinyl terephthalic acid 2 no , 130 2
CF,l PAG 488 [Tinuvin® 622LD 2 yes 130 3
CFal  |PAG 488 |[Tinuvin® 622LD 2 no 130 2
. 2-hydroxy-5- 1 A
CF4l PAG 488 methoxybenzophenone 2 yes 130 3
' 2-hydroxy-5-
CFsl PAG 488 methoxybenzophenone 2 : no . 130 2
(o] A “|PAG 488 2-hydroxybenzophenone 2 yes 130 3
CF,l PAG 488 2-Hydroxybenz_ophenone 2 no 130 2.
- 2,5- |
CF" PAG 458 dihydroxybenzophenone 2 yes 130 3
. 2'5-
CFsl |PAG 488 dihydroxybenzophenone 2 no 130 2
' ' 2,5
CFil PAG 488 dimethylbenzobhenone 2 yes 130 . 3
. 2,5- ‘
_CF?' PAG 48~8 dimethylbenzophenone 2 no . 130 2
CFJ  |PAG488 [35 2 yes | 130 | 3
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'_CF:" PAG 5488 diaminobenzophenone 2 1 " 130 2
CFyl  |PAG 488 |HP-136 2 yes 130 | 3
Ncral PAG 488 |HP-136 2 no 130 2

~|cFal PAG 488 |Emim-BF, 2 yes 130 "3
' PAG 488 |Emim-BF, 2 No 130 2

._.15
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diaminobenzophenone

- |cF4l

‘ :Estimates indicate improved chemical stability of CF3l containing

compositions in the presence of stabilizers as disclosed herein with and

without air present.

EXAMPLE 2
Refrigeration system chemical stability

A chemical stability test was run under conditions described in

' ASHRAE/ANSI (American Society of Heating, Refrigerating and Air-
10

Conditioning Engineers and and American National Standards Institute)
~ Standard 97-2004 to determine chemical stability of the stabilized

”oompositions of the present invention as compared to compositions with

no stabilizers.

20

25

The procedure is given here:

. Metal coupons of copper, aluminum and steel were placed in thick
- . walled glass tubes, when included in the test.

. Refrigerant samples, including lubricant, were prepared with and

without stabilizers, and optionally with 2 volume % air added to the
tube. '

. Samples were added to the sealed tubes as described in the

standard.

. The tubes were sealed with a glass blowing torch.
. The sealed tubes were heated in an oven for 14 days at the
" specified temperature.

. ‘After 14 days, the sealed tubes were removed from the oven and

examined for metal/liquid appearance, proper volume of quUid.
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appearance of glass, and absence of extraneous materials such as

metal fines.

7. Rafings were assigned to each sample based upon the following

criteria:

0: No observable change;

- 1 = light changes on coupons and liquids;

2 = light to moderate changes on coupons or liquids;

3 = moderate to significant changes on coupons or liquids;

‘4 = gsevere changes on coupons or liquids;

5 = extreme changes on coupons or liquids, i.e. black liquid or

coked with many deposits.

. Table 5 lists results for stabilizers of the present invention as compared to

15

unstabilized compositions. The lubricant is combined with the refrigerant to
produce a composition that was 50 wt% refrigerant and 50 wt% lubricant.

TABLE 5
. . 3 Stabilize_r Metal Temp., _
A{Refrlgerant Lubricant | Stabilizer c_oncent.ratlon coupons ©C) Rating
in Lubricant (yes/no)
2%’33 wiiwt Cu,Fe Al
CFil 1152a | 5GS rgalube® 0.50% Yes 130 4
CFal 1152a SGS'- rgalube® 0.50% No 130 3
CFal 11523 | 5GS Irgalube® 0.50% Yes 110 2
CFi 11522 | 5GS Irgalube® 0.50% No 110 1
"CFsl/[152a | 5GS Pgalube® 0.50% Yes 130 4
CFal 1152a | 5GS galube® 0.50% No 130 3
CFal 11522 | 5GS rgalibe® 0.50% Yes 110 2
CF,l 1152a | 5GS Irgalube® 0.50% No 110 1
CFsl /152a | 5GS irgalube® 0.50% Yes 130 4
CFil 1152a | 5GS Irgalube® 0.50% No 130 3
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| CFan52a |sas galube® 0.50% Yes | 110 | 2
| Rl Nns2a | 5GS Kgalube® 0.50% No 110 1
CEi /1522 | 5GS Irgalube® 0.50% Yes 130 4
CF;i ns2a | sGs Irgalube® 0.50% No 130 3
CFai/152a | 5GS Irgalube® 0.50% Yes | 110 2
CFil /152a | 5GS 9alube® 0.50% No 110 1
CF.l 1152a - | 5GS d-limonene 0.50%- Yes 130 | 4
| cE 1522 | 56 d-imonene 0.50% No 130 3
CFil /1 5_25 5GS d-I_imon'ene 0.50% Yes 110 2
CF;I 1152a | 5GS d-imonene 0.50% No 110 1
CFy1/152a | 5GS BHT 0.50% Yes .| 130 4
CFsl/152a |5GS | BHT . 0.50% No | 130 3
CFil /1528 | 5GS BHT  0.50% Yes | 110 | . 2
CF,l /152a | 5GS BHT 0.50% No 110 1
CFal 11522 | 5GS None 0 Yes 130 5
CF3l/152a | 5GS None 0 No 130 4
CFil 1152a | 5GS None 0 Yes 110 '3
CFal 1152a 5GS None 0 No 110 2
CFsl 11522 | 5GS None 0 Yes temp 0
CFsl 152a | 5GS None 0 No | {g;’; 0

. Results show improved chemical stability of CF3l and HFC-152a

containing compositions in the presence of stabilizers as disclosed herein
with and without air present.

EXAMPLE 3

Refrigeration system chemical stability
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* . Achemical stability test is run under conditions described in

'ASHRAE/ANSI (American Society of Heating, Refrigerating and Air--
-'.;Condmonlng Englneers and American National Standards Institute)
h Standard 97-2004, as descnbed for EXAMPLE 1, to determine chemlcal
' stablhty of the stabilized compositions of the present invention as

’cp'mpa'_red to epmpositions with no stabilizers.

Table 6 lists estimated results for stabilizers ’of the present

inventionas Compared to unstabilized compositions. The lubricant is

. combined with the refrigerant to produce a composmon that was 50 wit%

10

15

refrlgerant and 50 wt% lubricant.

TABLE 6
Stabilizer
N _ . . _weight With - :
. . - percent in 1 Temp, | o.u
Refngerant Lubricant Stabilizer Refrigerant 2 ‘ll\(i):% C) Ratrng
' : Nlubricant . '
_ : mixture: ’
CF,l PAG 488 | none ) 0 Yes 130 5
CFal PAG 488 | none -0 , No 130 4
CFl PAG 488 | Tocopherol - -2 Yes 130 - 3
o Tocopherol + :
CFal PAG 488 Emim BF, 2 Yee - 130 1

I‘Estimates indicate improved chemicall stability of CF3l centaining
_composrtlons in the presence of stabilizers as disclosed herein with and

: wrthout air present. An even greater effect is lndlcated for the combination
.of tocopherol/Emlm BF, when combined but present in total at the same

concentration as tocopherol alone.
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. CLAIMS
What is claimed is:

1 A composntlon comprising |odotr|ﬂuoromethane and an effectlve
~ amount of at least one stabilizer selected from the group con3|st|ng of
* phenols, thiophosphates, butylated triphenylphosphorothionates,

organo phosphates, phosphites, aryl alkyl ethers, terpenes, terpenoids,

- epoxides, fluorinated epoxides, oxetanes, ascorbic acid, thiols,

" lactones, thioethers, amines, nitromethane, alkylsilanes,

benzophenone derivatives, aryl sulfides, divinyl terephalic acid,

- ' diphenyl terephalic acid, ionic liquids, and mixtures thereof.

2 The composmon of cla|m 1 further comprising at least one refrigerant
selected from the group consisting of fluoroolefins, hydrofluorocarbons, -

hydrocarbons, dimethyl ether, carbon dloxnde, ammonia, and mixtures:
thereof.

‘3. The composition of claim 1 further comprising a lubricant selected from
_the groups consisting of mineral oils, alkylbenzenes, poly-alpha-olefins,

silicone oils, polyox{lalkylene glycol ethers, polyol esters, and
polyvinylethers and mixtures thereof. '

. The composntlon of claim 1 wherein:

a. the hindered phenols comprise at least one phenol selected

- from the group consisting of 2,6-dl-tert-butyl-4-methylphenol,
2,67di-tert-butyl-4—ethylpheno|; 2,4-dimethyl-6-tertbutylphenol;
‘tocopherol; hydroquinone; t-butyl hydroquinene; 4 4’-thio-bis(2-
methyl-6-tert-butylphenol); 4,4’-thiobis(3-methyl-6-
tertbutylphenol); 2,2'-thiobis(4-methyl-6-tert-butylphenol); 4,4'-
methylenebis(2,6-di-tert-butylphenol); 4,4’-bi\s(2,6—di-tert-
bufylphenol); 2,2’-methylenebis(4-ethyl-6-ter’tbutylphenol); 2,2-
'methylenebis(4-methyl-6—tert—butylphenol); 4'.4-butylidenebis(3-
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' methylS-tert-butylphenol); 4 4-isopropylidenebis(2,6-di-tert-
~ butylphenol); 2,2’—methyleenbis(4~methyl-6-ﬁonylphenol); 2,2~
,isobutylidenebis(4,6’-d imethyiphenol; 2,2'-methylenebis(4—
~ methyl-6-cyclohexylphenol, 2,2'-methylenebis(4-ethyl-6-tert-
s " butylphenol); butylated hydroxyl toluene (BHT); 2,6-di-tert-

B | alpha-dimethylamiﬁo—b—cresol; 4,4—thiobis(G—tert—butyl-m-Cresol; '
acylaminophenols; 2,6-di-tert-butyl-4(N,N'- |
dimethylaminomethyiphenol); bis(3-methy|-4-hydroXy-S-tert-

- .butylbenzyl)sulfide; bis(3,5-di-tert-buityl-4- ‘
10 . - hydroxybenzylsulfide and mixtures thereof. ‘
| b. the thiophosphates are selected from the group consisting of ‘
| monothiophosphates, dithiophosphates, trithiophosphates,
~ dialkylthiophosphate esters, and mixtures thereof;
-c. the butylated triphenylphosphorothionates are represented by
15 - formula1, | |

R
- -3

Formula 1

- Wherein each R is independently selected from H or tert-butyl;
~d. the organo phosphates are selected from the group consisting
of amine phosphates, trialkyl phosphates, triaryl phosphates,
20 mixed alkyl-aryl phosphates, cyclic phosphates and mixtures
thereof;

e. the phosphites are selectéd from the group conéisting of tris-(di-
tert-butylphenyl) phosphite, di-n-octyl phosphite, iso-decyl
diphenyl_phosphite, and mixtures thereof; .

25 : £ the aryl alkyl ethers are depicted by Formula 2, wherein n is 1,

- 2or3and Rlisan alkyl group of 1 to 16 carbon atoms.
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X
——(OR"),
Z
‘ _ Formulé 2 _
g. the terpenes and/or terpenoids are. selected from the group

. consisting of isoprene, myrcene, allo-cimene, beta-ocimene,
~ terebene, d-limonene, retinal, pinene, menthol, geraniol,

- . farnesol, phytol, Vitamin A, terpinene, delta-3-carene,
. terpinolene, phellandrene, fenchene, dipentene, lycopene,
-betacarotene, zeaxanthin, hepaxanthin, and isotretinoin,

"abietane, ambrosane, aristolane, atisane, beyerane, blsabolane

bornane, caryophyllane, cedrane, dammarane, dnmane

~_ eremophilane, eudesmane, fenchane gammacerane

 germacrane, gibbane, grayanotoxane guaiane, himachalane,

hopane, humulane, kaurane, labdane, lanostane, lupahe, p-
menthane, oleanane, ophiobolane, picrasane, pimarane, pinane,
podocarpane, protostane, rosane, taxane, thujane,
trichothecane, ursane, and mixtures_thereof; '

h. the eboxide stabilizers are selected from the group
consisting of 1,2-propylene oxide, 1 ,2-butylené oxide,
butylphenylglycidyl ether, pentylphenylglycidy! ether,
hexylphenyiglycidy! ether, heptylphenyliglycidyl ether,
octylphenylglycidyl ether, nonyiphenylgiycidyl ether,

_decylphenylglycidyl ether, glycidyl methylphenyl! ether, 1,4-

glycidyl phenyl diether, 4-methoxyphenylglycidyl ether, naphthy!
glycidyl ether, 1,4-diglycidyl naphthyl diether, butylphenyl
glycidyl ether, n-butyl glycidyl ether, isobutyl giycidyl ether,
hexanediol diglycidyl ether, allyl glycidyl ether, polypropylene
glycol diglycidy! ether and mixtures thereof;

i. the fluorinated epoxides are represented by formula 3
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Formula 3

wherein each of R2 through RS is H, alkyl of 1 - 6
carbon atoms or fluoroalkyl of 1-6 carbon atoms with

- the prbviso that at least one of R2 through RSis a
fluoroalkyl group; '
j. the oxetanes are represented by formula 4

Formula 4
wherein R1-R6 are independently selected from
hydrogen, alkyl or substituted alkyl, aryl or substituted
aryl;

k. the thiols are éelected from the group consisting of
methanethiol, ethanethiol, Coenzyme A, dimercaptosuccinic
acid, ( R)-2-(4-methylcyclohex-3-enyl)propéne_-2-thiol,

- cysteine, lipoamide, and mixtures thereof;

I. the lactones are selected from the group consisting of
gamma-butyrolactone, delta-gluconolactone, gamma-
undecalactone, 6,7-dihydro-4(5H)-benzofuranone, 5,7-
bis(1,1-dimethylethyl)-3-[2,3(or 3,4)-dimethylphenyl]-2(3H)-
benzofuranone, and mixtures thereof; ' ._ '

m. the thioethers are selected from the group consisting of
benzyl phenyl sulfide, diphehyl sulfide, dioctadecyl 3,3'-
thiodipropionate, didodecyl 3,3’-thiopropi6nate, and mixtures

" thereof;
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n. the amines are selected from the group consisting of

_ triethylamine; tributylamine; diisopropylamine; triisopropylamine;
~ triisobutylamine; p-phenylenediamine; diphenylamine;'

dialkylamines; (N-(A1.-methylethyl)-z-propylamine; alkyl-

“substituted piperidyl, piperidinyl, piperazinone, and.
~ alkoxypiperidinyl compounds; 2,2,6,6-tetramethyl-4-piperidone;

2,2.6,6-tetramethyl-4-piperidinol; bis-(1,2,2,6,6-
pentamethylpiperidyl) sebacate;'di-(2,2,6,6-tetramethyl—4—
piperidyl)sebacate; poly-(N-hydroxyethyl-2,2,6,6-tetramethyl-4-
hydroxy-piperidyl succinate; 2,2,6,6-tetramethyl-4—piperidone-,
2,2,6,6-tetramethyl-4-piperidinol, bis<(1,2,2,6.6- '

" pentamethylpiperidyl) sebacate, di-(2,2,6,6-tetramethyl-4-
. piperidyl)sebacate, poly—(N-hYdroxyethyl-Z 2,6,6-tetramethyl-4-

hydroxy-piperidyl succinate, and mlxtures thereof;

o. the alkyl silanes are selected from the group cons1st|ng of
b|s(damethylammo)methylsﬂane, tris(trimethylsilyl)silane,
vinyltriethyoxysitane, vinyltrimethoxysilane, and mixtures
thereof; | ‘ '

p. the benzophenone derivatives are selected from the group
consisting of 2,5-difluorobenzophenone; 2',5'- -
dihydroxyacetophenone; 2-aminobenzophenone; 2-
chlorobenzophenone; 2-fluorobenzophenone; 2-
hydroxybenzophenone; 2-methylbenzophenone; 2-amino-4'-
chlorobenzophenone; 2-amino-4'-fluorobenzophenone; 2-amino- |
5-bromo-2'-chlorobenzophenone; 2-amino-5-.
chlorobenzophenone; 2-amino-5-chioro-2'-fluorobenzophenone;

2-amino-5-nitrobenzophenone; 2-amino-5-nitro-2'- -

- chlorobenzophenone; 2-amino-2',5-dichlorobenzophenone; 2-

chloro-4'-fluorobenzophenone; 2-hydroxy-4-

methoxybenzophenone; 2-hydroxy—5-chlorobehzophenone; 2-
methylamino-5-chlorobenzophenone; 3-methylbenzophenone;
3-nitrobenzophenone; 3-nitro-4'-chloro-4-fluorobenzophenone;
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' 4-chlprobenzophenone; 4-fluorobenzophenone; 4-
‘hydroxybenzophenone; 4-methoxy5enzophenone; 4-

. methylbenzophenone; 4-nitrobenzophenone; 4-
phenylbenzophenone; 4-chloro-3-nitrobenzophenone; 4-

. hydroxy-4'-chlorobenzophenone; 2,4-dihydroxybenzophenone;
2,44dimethylbénzophenone; 2,5-dimethylbeniopheno_ne; 3,4-
diaminobenzophenone; 3,4-dichlorobenzophenone; 3,4- .
difluorobenzophenone; 3,4-dihydroxybenzophenone; 3,4-
dimethylbenzophenone; 4,4'-bfs(diethylamine)benzophe'none;

4 4'-bis(dimethylamine)benzophenone; 4,4'-

dichlorobenzophenone; 4,4'-difluorobenzophenone; 44'-

-dihydroxybenzophenone; 4,4'—dimethoxybenzophenone, and
mixtures thereof _

g. the aryl sulfides are selected from the group consnstmg of
benzyl phenyl sulfide, diphenyl sulfide, dibenzyl sulfide, and
mixtures thereof; and

r. ‘the ionic liquids are those wherein the cation is selected from
the group consisting of pyridinium, pyridazinium,
pyrimidinium, pyrazinium, imidazolium pyrazolium,
thiazolium, oxazolium and triazolium; and whereln the anion
is selected from the group consisting of [BFs]-, [PFe]-, [SbFe]- ‘

[CF3803]— [HCF2CF2SO0a3)-, [CF3HFCCF2803]- .
[HCCIFCFstg,]- [(CF3S02)2N]-, [(CF3CF2802)2N]-
[(CF3S02)sC}-, [CF3CO2]}-, and F-.

5. A method for stabilizing a compbsition comprising
iodotriﬂubromethane, said methdd comprising adding an effective
amount of a stabilizer cdmprising at least one compound selected from
~ the group consisting of phenols, thiophosphates, butylated
triphenylphosphorothionates, organo phosphates pﬁoéphites aryl alkyl -
ethers, terpenes, terpenonds epoxides, fluorinated epoxides, oxetanes,
ascorbic acid, thiols, lactones, thioethers, amines, nitromethane,
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alkylsilénes benzophenone derivatives, aryl sulfides, divinyl terephalic = -
.- acid, dlphenyl terephallc acid, ionic hqunds and mixtures thereof to the
~ composition compnsmg iodotrifluoromethane. '

. A process for producing.cooling comprising condensing the

-~ composition of claim 1 and thereafter evaporating said composition in

the vicinity of a body to be cooled.

. A process for producing heat comprising condensing the composition

of claim 1 in the vicinity of a body to be heated, and thereafter

_ evaporating said composition.

. A method for reducing degradation of a composition comprising

" jodotrifluoromethane, wherein said degradation is caused by the

presence of inadvertent air in a refrigeration, air-conditioning or heat
'pump éystem, said method comprising adding at least one stabilizer
selected from the group consisting of phenols, thiophosphates,
butylated triphenylphosphoiothionates, organo phosphates,

- phosphites, aryl alkyl ethers, terpenes, terpenoids, epoxides,
fluorinated epoxides, oxetanes, ascorbic acid, thiols, lactones,

" thioethers, amines, nitromethane, alkylsilanes, benzophenone

derivatives, aryl sulfides, divinyl terephalic acid, dipheny! terephalic

" acid, ionic liquids, and mixtures thereof to the composition comprising'
- jodotrifluoromethane.

. The composition of claim 2 wherein said fluoroolefin is at least one

compound selected from the group consisting of the
(i) fluoroolefins of the formula E- or Z-R'CH=CHR?, wherein R' and
R? are, independently, Cy to Cg perfluoroalkyl groups, and
wherein the total number of carbons in the compound is at least
5;
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(i) cyc!ic fluoroolefins of the formula cyclo-[CX=CY(CZ\{\I)n-];
wherein X, Y, Z, and W, independently, are H or F, énd nis an
integer from 2 to 5; and

(iii) fluoroolefins selected from the group consisting of:

1,2,3,3,3-pentafluoro-1-propene (CF3CF=CHF);

1,1,3,3,3-pentafluoro-1-propene (CF30H=CF2);
1,1,2,3,3-pentafluoro-1-propene (CHF,CF=CF>);
1,2,3,3-tetrafluoro-1-propene (CHF2CF=CHF);
2,3,3,3-tetrafluoro-1 -propéne (CF30F=CH_2);

- 1,1,2,3-tetrafluoro-1-propene (CH.FCF=CF>);
1,1,3,3-tetrafluoro-1-propene (CHF.CH=CF>),
2,3,3-trifluoro-1-propene (CHF2CF=CH>);
3,3,3-trifluoro-1-propene (CFsCH=CHb);

1,1 ,2-t.r'iﬂuoro-'1 -propene (CH3CF=CF3);

1,2,3-trifluoro-1-propene (CHzFCF=CF2)§

1,1 ,3-triﬂuoro-1 -propene (CH2FCH=CF>);

1,3, 3-trifluoro-1-propene (CHF2CH=CHF);

1,1,1,2,3,4,4,4-octafluoro-2-butene (CF3;CF=CFCF3);

1,1,2,3,3,4,4,4-octafluoro-1-butene (CF30F20F=CF2);

1,11 ,2,4,4,4—heptaﬂuoro-2—butene (CF3CF=CHCF3);

1.2,3;3.4,4.4—heptaﬂuoro-1-butene (CHF=CFCF2CF3);

'1,1,1,2,3,4,4-heptafluoro-2-butene (CHF2,CF=CFCF3);

1 ,3.3,3-tetraﬂuoro-2-(triﬂuoromethyl)—1 -propene ((CF3).C=CHF),

11 ,3,3,4.4,4-heptaﬂuoro-1-butene (CF,=CHCF2CF3);

1,1,2,3,4,4,4-heptafluoro-1-butene (CF2=CFCHFCF3);

1.1 .2,3,3,4,4-hebtaﬂuoro-1 -butene (CF2=CFCF2(5HF2);

2.3,3,4,4,4-hexafluoro-1-butene (CF3CF2CF=CHy);

1,3,3,4,4,4-hexafluoro-1-butene (CHF=CHCF.CF3);
1,2,3,4,4,4-hexafluoro-1-butene (CHF=CFCHFCF3);
1,2,3,3,4,4-hexafluoro-1-butene (CHF=CFCF2CHF>);
1,1,2,3,4,4-hexafluoro-2-butene (CHF,CF=CFCHF?);
1,1,1,2,3,4-hexafluoro-2-butene (CH2FCF=CFCF3),
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1,1,1,2,4,4-hexafluoro-2-butene (CHF2CH=CFCF3),
" 1,1,1,3,4,4-hexafluoro-2-butene (CF3CH=CFCHF2);

1,1,2,3,3,4-hexafluoro-1-butene (CF,=CFCF,CHyF);

11 :2,3,4,4-hexafluoro-1 -butene (CF2=CFCHFCHF3);
3.3, 3-trifluoro-2-(trifluoromethyl)-1-propene (CHz=C(CF3)2);

1,1,1,2,4-pentafluoro-2-butene (CH,FCH=CFCF3);
1.1,1,3 4-pentafluoro-2-butene (CFsCH=CFCH,F);
3,3,4,4,4-pentaﬂ;joro-1—butene (CF3CF2CH=CHy),

1,1,1,4,4-pentafluoro-2-butene (CHF,CH=CHCF3);
1,1,1,2,3-pentafluoro-2-butene (CH3CF=CFCF3);

_ 2,3,3,4,4-pentafluoro-1-butene (CH2=CFCF.CHF2);

1,1,2.4,4-pentafluoro-2-butene (CHF20F=CHCHF§);
1,1,2,3,3-pentafluoro-1-butene (CH:CF2CF=CF2); .
1,1,2,3,4-pentafluoro-2-butene (CH,FCF=CFCHF2);
1.1,3,3,3-pentafluoro-2-methyl-1-propene (CF2=C(CF3)(CH3)); ’
2—(diﬂuo’romethyl)—S.3,3-triﬂuorof1 -probene (CH2=C(CHF2)(CF3));
2.3 4,4 4-pentafluoro-1-butene (CH;=CFCHFCF3);

1,2,4,4 4-pentafluoro-1-butene (CHF=CFCH2CF3);
1,3,4,4,4-pentafluoro-1-butene (CHF=CHCHFCF3);
1,3,3,4,4-pentafluoro-1-butene (CHF=CHCF2CHF?2);
1,2,3,4,4-pentafluoro-1-butene (CHF=CFCHFCHF>);
3,3,4,4-tet|jaﬂuoro-1 -butene (CH,=CHCF,CHF2); ,
1,1-difluoro-2-(difluoromethyl)-1-propene (CF2=C(CHF2)(CHa)).
1 ,3,3,3-tetraﬂuoro-2_—methyl-1—propene (CHF=C(CF3)(CHa));

- 3,3-difluoro-2-(difluoromethyl)-1-propene (CH2=C(CHF2)2),

1,1,1,2-tetrafluoro-2-butene (CF3CF=CHCHj3);
1,1,1,3-tetrafluoro-2-butene (CH3CF=CHCF3);
1,1,1,2,3.4,4,5,5,5-decafluoro-2-pentene (CF3CF=CFCF:CFa);

1.1 ,2,3,3,4.4,5.5,5-decaﬂuoro—1-pentene (CF2=CFCF2CF2CF3);

1,1,1,4,4,4-hexafluoro-2-(trifluoromethyl)-2-butene
1,1.1,2,4,4,5,5,5-nonafluoro-2-pentene (CF3CF=CHCF20F3);
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1,1,1,3,4,4,5,5 5—n6naﬂuoro—2—pentene (CF;;CH=CFC'F20F3)'A
1,2,3,3,4,4,5,5,5- nonaﬂuoro-1-pentene (CHF"CFCcmFZCFg)
1,1,3,3.4,4,5,5,5- nonafluoro-1- -pentene (CFz—CHC.cmcmF;;)

- 1,1,2,3,3,4,4,5,5-nonafluoro-1-pentene (CF>=CFCF.CF.CHF>);
1,1 ,2;3,4,4,5,5,5—nonaﬂuoro¢2-pentene (CHF,CF=CFCF.CF3),
1,11 ,2,'3,4,4,5,5-nonaﬂuoro-2—pentene (CF3CF=CFCF20HF2);
1,1,1,2,3,4,5,5,5-nonafluoro-2-pentene (CF3CF=CF.CHFCF3);

1 ,2,3,4,‘4,4-he).<aﬂ.uo‘ro-3-(triﬂuoromethyl)-1 -buten.e

"(CH_F=CFCF(CF3)2);

1,1,2,4.4,4-hexafluoro-3-(trifluoromethyl)-1-butene

'(CFz—CFCH(CFg) 2)i

1,1,1,4,4,4-hexafluoro-2- (trlﬂuoromethyl)-z-butene

‘(CFscH C(CF3)2); -

1,1,3,4,4,4-hexafluoro-3- (tnﬂuoromethyl) -1-butene
(CFz—CHCF(CFs)z) '
2,3,3,4,4,5,5,5-octaﬂuoro¥1—pentene (CH2=CFCF2.CF2CF3);.
1,2 3‘3 4 4 5,5-octafluoro-1-pentene (CHF=CFCF,CF2CHF>);
3,3,4,4,4-pentafluoro-2- (tnﬂuoromethyl) -1-butene |

(CHz—C(CFa)CcmFg)

1,1.4,4 4- pentaﬂuoro-3-(triﬂuoromethyl)-1 -butene

- (CF2=CHCH(CF3)2);

1,3,4,4,4-pentafluoro-3-(trifluoromethyl)-1-butene
(CHF=CHCF(CF3)2)' _
1,1.4,4 4-pentafluoro-2-(trifluoromethyl)-1-butene

. ‘(CFz—C(CF3)CHZCF3)

3, 4 4.4 -tetrafluoro-3- (trifluoromethyl)-1-butene ((CF3)2CFCH CHz);
3,3,4,4,5,5,5 heptafluoro-1-pentene (CF3;CF2CF2CH=CHy),
2,3,3,4,4,5,5-heptafluoro-1-pentene (CH>=CFCF.CF,CHF),
1,1,3,3,5,5,5-heptafluoro-1-butene (CF,=CHCF,CH,CF3);

1,1,1 ,2,4,4,4—hepfaﬂuoro—3-methyl;2-butene (CF3;CF=C(CF3)(CHa)),
2,44 4-tetrafluoro-3-(trifluoromethyl)-1-butene (CH>=CFCH(CF3)>);
1',4,4,4—tetraﬂuoro—3-(triﬂuoromethyl)-1 -butene (CHF=CHCH(CF3)2);
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1,11 ,4-tetraﬂuoro—2—(triﬂubromethyl)-z-butene (CH2FCH=C(CF3)2),
1,11 ,3-tetraﬂuor6—2-(triﬂuoromethyl)-z-butene (CH3;CF=C(CF3)2);
1,1, 1-trifluoro-2-(trifluoromethyl)-2-butene ((CF3),C=CHCHa);
3.4.4,5,5,5-hexafluoro-2-pentene (CFaCF2CF=CHCHa);

- 1,1,1,4,4 4-hexafluoro-2-methyl-2-butene (CF3C(CH3)=CHCF3);
3,3,4,5,5,5-hexafluoro-1-pentene (CH2=CHCF.CHFCF3);
4.4 4-trifluoro-3-(trifluoromethyl)-1-butene (CH2=C(CF3)CH;CFa);
1,1,2,3,3,4,4,5,5,6,6,6-dodecafluoro-1-hexene (CF3(CF2)sCF=CF>),
11.1,2.2.3,45,5,6,66-dodecafluoro-3-hexene |

" (CF3CF,CF=CFCF.CF3),

111 4.4, 4-hexafluoro-2,3-bis(triflucromethyl)-2-butene
((CF3)2C=C(CF3)2); |
1,1,1,2,3,4,5,5, 5-nonaﬂuoro-4-(tr|ﬂuoromethyl)-2 pentene

~ ((CF3)2CFCF=CFCF3);

1,1,1,4,4,5,5,5-octafluoro-2-(trifluoromethyl)-2-pentene

((CF3)2C=CHCFs);

1,1,1,3,4,5,5,5-octafluoro-4-(trifluoromethyl)-2-pentene

((CF3),CFCF=CHCF3),
3,3,4,4,5,5,6,6,6-nonafluoro-1-hexene (CF3CF,CF2CF,CH=CHjy);
4 4 4A-trifluoro-3,3-bis(trifluoromethyl)-1-butene (CH,=CHC(CFa)3);
1,1,1,4,4,4-hexafluoro-2-(trifluoromethyl)-3-methyl-2-butene

((CF3)2C=C(CHa3)(CF3)); |
2.3,3,5,5,5-hexafluoro-4-(trifluoromethyl)-1- pentene

(CH.=CFCF,CH(CF3)2);

1,1,1 2.4,4,5,5 5-nonafluoro-3-methyl-2-pentene

(CF3CF=C(CH3)CF2CF3);

! 1,1,1,5,5, 5-hexaﬂuoro-4-(triﬂuoromethyl)—2-pentene‘

(CFch =CHCH(CFa)2); . |
3,44,5,5,6,6,6- octaﬂuoro-2 hexene (CF3CF,CF,CF=CHCHs);
3,3,4,4,5,5,6,6-octafluoro1-hexene (CH2=CHCF,CF,CF2CHF2);
1,11 ,4.4-pentaf_1uoro—2-(triﬂuoromethyl)—2-pentene

((CF3)2C=CHCF.CHs);
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4,4;5.5,5-pentaﬂuoro-2—(triﬂuorométhyl)-1-pentene
(CH2=C(CF3)CH,CFs);
3344 5 5,5-heptafluoro-2-methyl- 1-pentene

) (C F3CF20 FzC(C H3) CHz)

445,5,6,6,6- heptaﬂuoro -2- hexene (CFschCcmH CHCH3) .
4,4,5,5,6,6,6-heptafluoro-1- hexene (CH2=CHCH,CF2C5Fs);
1,1.1, 2 2,3,4-heptafluoro-3-hexene (CF3CF.CF= CFCsz)
4,55, 5-tetrafluoro-4-(trifluoromethyl)-1-pentene -

. (CHz—CHCHZCF(CF3)Z)

‘ 1,1,1,2,5,5,5-heptafluoro-4-methyl-2-pentene
(CF3CF=CHCH(CF3)(CHa));
1,1,1,3-tetrafluoro-2- (trlﬂuoromethyl)-z -pentene ((CF3)2C =CFC2Hs);

| 11,12,34/45,56,6,7,7.7-tetradecafluoro-2-heptene
(CF3CF=CFCF;CF2CFs);

1.1,1,2,2,3,4,5,5.6,6,7,7,7-tetradecafluoro-3-heptene
(CF;3CF,CF=CFCF2C2Fs);
1,1,1,3,4,4,5,5,6,6,7,7,7-tridecafluoro-2-heptene

- (CF3CH=CFCF20F202F5);

1,1,1,2,4,4,5,5,6,6,7,7,7-tridecafluoro-2-heptene -
(CFsCF=CHCF,CF3CoFs);
1,11 ,2,2,4,5,5,6,6,7,7,7-tridecafluoro-3-heptene

~ (CF3CF2CH=CFCF,C;Fs); and

1,1,1,2,2,3,5,5,6,6,7,7,7-tridecafluoro-3-heptene (CF3CF,CF=CHCF.C:F5).

10.  The composition of claim 1 comprising:

. a. iodotrifluoromethane; and
b. a stabilizer comprising at least one hindered phenol ahd at
least one additional stabilizer selected from the group
consisting of amines, phosphites, thiophosbhates,
dialkylthiophosbhate esters, butylated |
triphenylphosphorothionates, epoxides, fluorinated
~ epoxides, oxetanes, lactones, divinyl terephalic acid,
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diphenyl terephalic acid, phosphorous acid, bis(2,4-bis(1,1-
dimethylethyl)-6-methylphenol)ethyl ether, ionic liquids, and
mixtures thereof. ' |

11. The composition of claim 1 comprising:

a. iodotrifluoromethane; and A

b. a stabilizer comprising at least one amine and at least one
additional stabilizer selected from the group oonsisting of
phosphites, thiophosphates, dialkylthiophosphate esters, butylated
triphenylphosphorothionates. epoxides, fluorinated epoxides,
‘oxetanes lactones, divinyl terephalic acid, diphenyl terephalic acid,
phosphorous acid, bls(2 4-bis(1, 1-d|methylethyl)—6-
methylphenol)ethyl ether ionic liquids, and mixtures thereof.

12. The composition of claim 1 comprising:
a. iodotriﬂuoron‘iethane; and

b. a stabilizer comprising at least ionic liquid and at least one

. additional stabilizer selected from the group consisting of phosphites,

thiophosphétes. dialkylthiophosphate esters, butylated
triphenylphosphorothionates epoxides, fluorinated epoxides,
oxetanes, lactones, divinyl terephallc acid, diphenyl terephalic acid,
phosphorous acid, bis(2,4- bis(1, 1 -dimethylethyl)-6- methylphenol)ethyl
ether, and mixtures thereof.

13. The composition of claim 1 comprising:

a. iodotrifluoromethane; and

b. a stabilizer comprising at least one terpene or terpenoid and
at least one additional stabilizer selected from the group
consisting of hindered phenols, amines, phosphites,
.thiophosphates, dialkyithiophosphate esters, butylated
triphenylphosphorothionates, epoxides, fluorinated
epoxides, oxetanes, lactones, divinyl terephalic acid,

~
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-diphenyl terephalic acid, phosph‘oroué acid, bis(2,4-bis(1,1- B |
_ dimethylethyl)-S-methylphenol)‘ethyl ether, ionic liquids, and
mixtures thereof. ' -

14. The composition of claim 1 comprising:
" a. iodotrifiuoromethane; and
b. a stabilizer comprising'at least one epoxide or fluorinated
-epoxide ahd at least one additional stabilizer selected from
. the group consisting of hindered phenols; amines,
phosphites, thiophosphates, dialkylthiophosbhate esters,
butylated triphenylphosphorothionates, epoxides,
fluorinated epoxides, oxetanes, lactones, divinyl
terephthalatic acid , diphenyl terephthalic acid ,
phosphorous acid, bis(2,4-bis(1, 1-d|methylethyl)-6-
. methylphenol)ethyl ether, ionic liquids, and mixtures thereof.

15,  The composition of claim 1 further comprising a metal deactivator

~ selected from the group conS|st|ng of areoxalyl
bis(benzylidene)hydrazide; N,N'-bis(3, 5-d|-tert-butyl-4-
hydroxyhydrocinnamoylhydrazine); 2,2’-oxamidobis-ethyl-(3, 5-d-tert—
butyl-4-hydroxyhydorcinnamate); N,N'-(disalicyclidene)-1 2- _
propanediamine; ethylenediaminetetraacetic acid and salts thereof;
triaioles; benzotriaz_ole, 2-mercaptobenzothiazole, tolutriazole '
derivatives, N,N-disalicylidene-1,2-diaminopropane, and mixtures
thereof.

. 16. The composition of claim 1 further comprising a corrosion inhibitor
selected from the group consisting of dodeceyl succinic acid, amine
phosphate, oleoyl sarcosine, imidazole derivatives and substituted
sulphonates. '
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17.The composition of claim 1 further comprising a multi-functional

additive.

© 18.The cdhposition of claim 17 wherein said multifunctional additive

5 comprises zinc dialkyldithiophosphate.

19. The composition of claim 1 further comprising, triazole, benzotriazole,
2-mercaptobenzotriazole, tolutriazole, tolutriazole derivatives, and
mixtures thereof. '

0
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