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DESCRIPTION

CROSS REFERENCE(S) TO RELATED APPLICATION(S)

[0001] This application claims the priority benefit of U.S. Provisional Application 60/658,543,
filed March 4, 2005, and U.S. Provisional Application 60/710,439, filed August 23, 2005, and
U.S. Provisional Application 60/732,769, filed November 1, 2005.

BACKGROUND OF THE INVENTION

1. Field of the Invention.

[0002] The present invention relates to compositions for use In refrigeration, air-conditioning,
and heat pump systems wherein the composition comprises a fluoroolefin and at least one
other component. The compositions of the present invention are useful In processes for
producing cooling or heat, and as heat transfer fluids.

2. Description of Related Art.

[0003] The refrigeration industry has been working for the past few decades to find
replacement refrigerants for the ozone depleting chlorofluorocarbons (CFCs) and
hydrochlorofluorocarbons (HCFCs) being phased out as a result of the Montreal Protocol. The
solution for most refrigerant producers has been the commercialization of hydrofluorocarbon
(HFC) refrigerants. The new HFC refrigerants, HFC-134a being the most widely used at this
time, have zero ozone depletion potential and thus are not affected by the current regulatory
phase out as a result of the Montreal Protocol.

[0004] Further environmental regulations may ultimately cause global phase out of certain
HFC refrigerants. Currently, the automobile industry Is facing regulations relating to global
warming potential for refrigerants used in mobile air-conditioning. Therefore, there I1s a great
current need to identify new refrigerants with reduced global warming potential for the mobile
air-conditioning market. Should the regulations be more broadly applied in the future, an even
greater need will be felt for refrigerants that can be used in all areas of the refrigeration and
air-conditioning industry.

[0005] Currently proposed replacement refrigerants for HFC-134a include HFC-152a, pure
hydrocarbons such as butane or propane, or "natural” refrigerants such as CO,. Many of these

suggested replacements are toxic, flammable, and/or have low energy efficiency. Therefore,
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new alternative refrigerants are being sought.

[0006] US 2004/0256594 A1 discloses the use of tetrafluoropropenes In a variety of
applications, including refrigeration equipment.

[0007] JP 4 110388 A discloses heat transfer fluids comprising an organic compound based on
propene substituted by 1-5 fluorine atoms. These compounds can be mixed with
hydrofluorocarbons.

[0008] US 2004/127383 A1 discloses azeotrope-like compositions comprising
pentafluoropropene (HFO-1225) and one or more of 3,3,3-trifluoropropene (HFO-1243zf), 1,1-
difluoroethane (HFC-152a), trans-1,3,3,3-tetrafluoropropene (HFO-1234ze).

[0009] The object of the present invention Is to provide novel refrigerant compositions and
heat transfer fluid compositions that provide unique characteristics to meet the demands of low
or zero ozone depletion potential and lower global warming potential as compared to current
refrigerants.

BRIEF SUMMARY OF THE INVENTION

[0010] The present invention relates to a composition comprising HF C-1234yf and HFC-152a.

[0011] The present invention further relates to a composition as defined in claims 2 to 12, to a
method as defined In claims 13 to 16, and to a refrigeration apparatus, air-conditioning
apparatus or heat pump apparatus as defined in claim 17.

DETAILED DESCRIPTION OF THE INVENTION

[0012] The present invention relates to compositions comprising HFC-1234yf and HF C-152a.

[0013] Fluoroolefin compounds and other compounds are listed in Table 1.
TABLE 1

Compound Chemical name Chemical formula

HFC-1225ye 1 2,3,3,3-pentafluoropropene ‘ CF3CF=CHF

1,3,3,3-tetrafluoropropene
1,2,3,3-tetrafluoropropene

QCw06006006006006006006006Q.Q0060060060\\006006006006006006006006Q.Q006006006006006006006006006006006006Q.Q0060060060060060wQﬁ.‘ﬁ.‘ﬁ.‘ﬁ\ 0000000000000000000000000000000000000000000000000000000000000000000000000

HFC-32 difluoromethane
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Chemical name Chemical formula
HFC-125 pentafluoroethane CF3CHF»

‘CQCCQCCQCCQCHCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQ\\QCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCH00000000000\ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

HFC-134a K 1,1,2-tetrafluoroethane CH2FCF3
HFC-143a 1,1, 1-trifluoroethane CH3CF34

‘COCCOCCOCCOCCOCCOHOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCO\COCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCC.MC.CC.CC.CC.& CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

HFC-161 fluoroethane CH3CH2F
HFC-227ea 1,1,1,2,3,3,3-heptafluoropropane CF3CHFCF4

05oqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqco\coqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoq5oq5oq5oq5oq5oq5oq5oqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqcoqco\ §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

HFC -236fa 1,1 1.3.3,3-hexafluoroethane CF3CH>CF4
HF C-245fa 1,1,1,3,3-pentafluoropropane CF3CH>CHF5

Q.Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q\.Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..QHQ..Q..Q..Q..Q\ .........................................................................

2 methylbutane CH3CH( CH3 CH>CH4 ‘

cyclopentane cyclo-(CH»)s-

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

CngC Fq bIS (trifluoromethyl)sulfide CF38CF3

[0014] The Individual components listed in Table 1 may be prepared by methods known In the
art.

[0015] The compositions of the present invention may be generally useful when the
fluoroolefin i1s present at 1 weight percent to 99 weight percent, preferably 20 weight percent to
99 weight percent, more preferably 40 weight percent to 99 weight percent and still more
preferably 50 weight percent to 99 weight percent.

[0016] The present invention further provides compositions as listed in Table 2.
TABLE 2
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Components Concentration ranges (wt%)

Preferred

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

HFC 1234yf/HFC 152a 'I -99/99-1 40-99/60-1 80/20

HFC 1225ye/HFC- 1 -98/1-98/0.1- 110-90/10-90/0.1- 70/25/5 and
1234yf/HFC 152a 98 50 25/70/5
HFC-1234yf/HFC-152a/n- 1-98/1-98/1-30 10 80/10-80/1-

butane

HFC 1234yf/HFC- 1 98/1 90/1 40 10 80/10 80/1-
152al/isobutane 20

HFC-1234yf/HF C-152a/DME 1-70/1-98/1-98 {10-70/10-80/1-
20

SRR RS L AL LL L L L L S L A e e S L L L S LR L L LA L S L LA LL S LA LLLLLLLLLLLLLLLELLLLLLLLLNL LSS NS E S HL SR L L LA L L L L L e L L L aaaann R R L L L LA LA L RS, S, RN RS L LA LL L LA L A e L S L S L e S L L L L L S L L S S e e i n n B  LLL L L LA L L L LLL AL LLLLLLLLLLLLLLLLLLLLL LG LL LS LS

[0017] The compositions of the present invention may be azeotropic or near-azeotropic
compositions. By azeotropic composition is meant a constant-boiling mixture of two or more
substances that behave as a single substance. One way to characterize an azeotropic
composition is that the vapor produced by partial evaporation or distillation of the liquid has the
same composition as the liquid from which 1t 1s evaporated or distilled, 1.e., the mixture
distills/refluxes without compositional change. Constant-boiling compositions are characterized
as azeotropic because they exhibit either a maximum or minimum boiling point, as compared
with that of the non-azeotropic mixture of the same compounds. An azeotropic composition will
not fractionate within a refrigeration or air conditioning system during operation, which may
reduce efficiency of the system. Additionally, an azeotropic composition will not fractionate
upon leakage from a refrigeration or air conditioning system. In the situation where one
component of a mixture 1s flammable, fractionation during leakage could lead to a flammable
composition either within the system or outside of the system.

[0018] A near-azeotropic composition (also commonly referred to as an "azeotrope-like
composition”) I1s a substantially constant boiling liquid admixture of two or more substances that
behaves essentially as a single substance. One way to characterize a near-azeotropic
composition 1s that the vapor produced by partial evaporation or distillation of the liquid has
substantially the same composition as the liquid from which it was evaporated or distilled, that
IS, the admixture distills/refluxes without substantial composition change. Another way to
characterize a near-azeotropic composition is that the bubble point vapor pressure and the
dew point vapor pressure of the composition at a particular temperature are substantially the
same. Herein, a composition Is near-azeotropic If, after 50 weight percent of the composition Is
removed, such as by evaporation or boiling off, the difference In vapor pressure between the
original composition and the composition remaining after 50 weight percent of the original
composition has been removed is less than 10 percent.

[0019] Azeotropic compositions of the present invention at a specified temperature are shown
In Table 3.
TABLE 3
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GomponentA_[Compononts_|WeA_[1 B [peia[kPa[TC)
T N LN LN (00 0

[0020] Additionally, ternary azeotrope compositions have been found as listed in Table 4.
TABLE 4

Component Component Component Wt% Wt% Wt% Pres Pres { Temp
(psi) §{ (kPa) (°C)

HFC- HFC 152a {n-butane 86 6 {10.8 | 17 97 {124

1234yf

HFC- HFC-152a lisobutane 175.3 111.8 112.9 119.12
1234yf
HF C- HFC-152a {DME 246 143.3 {32.1 {11.78
1234yf

[0021] The near-azeotropic compositions of the present invention at a specified temperature

are listed in Table 5.
TABLE

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

[0022] Ternary and higher order near-azeotrope compositions comprising fluoroolefin have
also been identified as listed in Table 6.

TABLE 6
Components Near-azeotrope range (weight Temp (°C)
percent)
HFC-1225ye/HF C-1234yf/HF C- 1-98/1-98/1-98 25
152a

HFC-1234yf/HF C-152a/n-butane 1-98/1-98/1-30 -
HFC-1234yf/HF C-152alisobutane 1-98/1-90/1-40 25

HF C-1234yf/HF C-152a/DME 1-70/1-98/1-98 -

[0023] Certain of the compositions of the present invention are non-azeotropic compositions.
Those compositions of the present invention falling within the preferred ranges of Table 2, but
outside of the near-azeotropic ranges of Table 5 and Table 6 may be considered to be non-
azeotropic.

[0024] A non-azeotropic composition may have certain advantages over azeotropic or near
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azeotropic mixtures. A non-azeotropic composition is a mixture of two or more substances that
behaves as a mixture rather than a single substance. One way to characterize a non-
azeotropic composition i1s that the vapor produced by partial evaporation or distillation of the
liquid has a substantially different composition as the liquid from which it was evaporated or
distilled, that 1s, the admixture distills/refluxes with substantial composition change. Another
way to characterize a non- azeotropic composition iIs that the bubble point vapor pressure and
the dew point vapor pressure of the composition at a particular temperature are substantially
different. Herein, a composition is non-azeotropic If, after 50 weight percent of the composition
IS removed, such as by evaporation or boiling off, the difference In vapor pressure between the
original composition and the composition remaining after 50 weight percent of the original
composition has been removed Is greater than 10 percent.

[0025] The compositions of the present invention may be prepared by any convenient method
to combine the desired amounts of the individual components. 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.

[0026] An alternative means for making compositions of the present invention may be a
method for making a refrigerant blend composition, wherein said refrigerant blend composition
comprises a composition as disclosed herein, saild method comprising (1) reclaiming a volume
of one or more components of a refrigerant composition from at least one refrigerant
container, (i) removing Impurities sufficiently to enable reuse of saild one or more of the
reclaimed components, (i) and optionally, combining all or part of said reclaimed volume of
components with at least one additional refrigerant composition or component.

[0027] A refrigerant container may be any container in which iIs stored a refrigerant blend
composition that has been used in a refrigeration apparatus, air-conditioning apparatus or heat
pump apparatus. Said refrigerant container may be the refrigeration apparatus, air-
conditioning apparatus or heat pump apparatus in which the refrigerant blend was used.
Additionally, the refrigerant container may be a storage container for collecting reclaimed
refrigerant blend components, including but not limited to pressurized gas cylinders.

[0028] Residual refrigerant means any amount of refrigerant blend or refrigerant blend
component that may be moved out of the refrigerant container by any method known for
transferring refrigerant blends or refrigerant blend components.

[0029] Impurities may be any component that i1s in the refrigerant blend or refrigerant blend
component due to its use In a refrigeration apparatus, air-conditioning apparatus or heat pump
apparatus. Such impurities include but are not limited to refrigeration lubricants, being those
described earlier herein, particulates including but not limited to metal, metal salt or elastomer
particles, that may have come out of the refrigeration apparatus, air-conditioning apparatus or
heat pump apparatus, and any other contaminants that may adversely effect the performance
of the refrigerant blend composition.
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[0030] Such impurities may be removed sufficiently to allow reuse of the refrigerant blend or
refrigerant blend component without adversely effecting the performance or equipment within
which the refrigerant blend or refrigerant blend component will be used.

[0031] It may be necessary to provide additional refrigerant blend or refrigerant blend
component to the residual refrigerant blend or refrigerant blend component in order to produce
a composition that meets the specifications required for a given product. For instance, If a
refrigerant blend has 3 components In a particular weight percentage range, it may be
necessary to add one or more of the components in a given amount in order to restore the
composition to within the specification limits.

[0032] Compositions of the present invention have zero or low ozone depletion potential and
low global warming potential (GWP). Additionally, the compositions of the present invention will
have global warming potentials that are less than many hydrofluorocarbon refrigerants
currently in use. One aspect of the present invention is to provide a refrigerant with a global
warming potential of less than 1000, less than 500, less than 150, less than 100, or less than
50. Another aspect of the present invention i1s to reduce the net GWP of refrigerant mixtures by
adding fluoroolefins to said mixtures.

[0033] The compositions of the present invention may be useful as low global warming
potential (GWP) replacements for currently used refrigerants, including but not limited to
R134a (or HFC-134a, 1,1,1,2-tetrafluoroethane), R22 (or HCFC-22, chlorodifluoromethane),
R123 (or HFC-123, 2,2-dichloro-1,1,1-trifluoroethane), R11 (CFC-11, fluorotrichloromethane),
R12 (CFC-12, dichlorodifluoromethane), R245fa (or HFC-245fa, 1,1.1,3,3-
pentafluoropropane), R114 (or CFC-114, 1,2-dichloro-1,1,2,2-tetrafluoroethane), R236fa (or
HFC-236fa, 1,1,1,3,3,3-hexafluoropropane), R124 (or HCFC-124, 2-chloro-1,1,1,2-
tetrafluoroethane), R40/C (ASHRAE designation for a blend of 52 weight percent R134a, 25
weight percent R125 (pentafluoroethane), and 23 weight percent R32 (difluoromethane),
R410A (ASHRAE designation for a blend of 50 weight percent R125 and 50 weight percent
R32), R417A, (ASHRAE designation for a blend of 46.6 weight percent R125, 50.0 weight
percent R134a, and 3.4 weight percent n-butane), R422A (ASHRAE designation for a blend of
85.1 weight percent R125, 11.5 weight percent R134a, and 3.4 weight percent isobutane),
R404A, (ASHRAE designation for a blend of 44 weight percent R125, 52 weight percent R143a
(1,1,1-trifluoroethane), and 4.0 weight percent R134a) and R50/A (ASHRAE designation for a
blend of 50 weight percent R125 and 50 weight percent R143a). Additionally, the compositions
of the present Invention may be useful as replacements for R12 (CFC-12,
dichlorodifluoromethane) or R502 (ASHRAE designation for a blend of 51.2 weight percent
CFC-115 (chloropentafluoroethane) and 48.8 weight percent HCFC-22).

[0034] Often replacement refrigerants are most useful if capable of being used In the original
refrigeration equipment designed for a different refrigerant. The compositions of the present
Invention may be useful as replacements for the above-mentioned refrigerants in original
equipment. Additionally, the compositions of the present Iinvention may be useful as
replacements for the above mentioned refrigerants in equipment designed to use the above-
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mentioned refrigerants.
[0035] The compositions of the present invention may further comprise a lubricant.

[0036] Lubricants of the present Invention comprise refrigeration lubricants, 1.e. those
lubricants suitable for use with refrigeration, air-conditioning, or heat pump apparatus. Among
these lubricants are those conventionally used in compression refrigeration apparatus utilizing
chlorofluorocarbon refrigerants. Such lubricants 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. 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 paraffins) 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 refrigeration lubrication. Synthetic oils comprise alkylaryls (i.e. linear
and branched alkyl alkylbenzenes), synthetic paraffins and naphthenes, and poly(alphaolefins).
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 mineral oil sold by Crompton Co.), Sontex® 372LT (naphthenic mineral oil sold by
Pennzoil), Calumet® RO-30 (naphthenic mineral oil sold by Calumet Lubricants), Zerol® 75,
Zerol® 150 and Zerol® 500 (linear alkylbenzenes sold by Shrieve Chemicals) and HAB 22
(branched alkylbenzene sold by Nippon Oll).

[0037] Lubricants of the present invention further comprise those that have been designed for
use with hydrofluorocarbon refrigerants and are miscible with refrigerants of the present
Invention under compression refrigeration, air-conditioning, or heat pump apparatus’ operating
conditions. Such lubricants and their properties are discussed Iin "Synthetic 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),
polyalkylene glycols (PAGs) such as RL-488A from Dow (Dow Chemical, Midland, Michigan),
and polyvinyl ethers (PVEs). These lubricants are readily available from various commercial
sources.

[0038] Lubricants of the present invention are selected by considering a given compressor's
requirements and the environment to which the lubricant will be exposed. Lubricants of the

present invention preferably have a kinematic viscosity of at least about 5 cs (centistokes) at
40°C.

[0039] Commonly used refrigeration system additives may optionally be added, as desired, to
compositions of the present invention in order to enhance lubricity and system stability.. These
additives are generally known within the field of refrigeration compressor lubrication, and
Include anti wear agents, extreme pressure lubricants, corrosion and oxidation inhibitors, metal
surface deactivators, free radical scavengers, foaming and antifoam control agents, leak
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detectants and the like. In general, these additives are present only in small amounts relative
to the overall lubricant composition. They are typically used at concentrations of from less than
0.1 % to as much as 3 % of each additive. These additives are selected on the basis of the
Individual system requirements. Some typical examples of such additives may include, but are
not limited to, lubrication enhancing additives, such as alkyl or aryl esters of phosphoric acid
and of thiophosphates. Additionally, the metal dialkyl dithiophosphates (e.g. zinc dialkyl
dithiophosphate or ZDDP, Lubrizol 1375) and other members of this family of chemicals may
be used In compositions of the present invention. Other antiwear additives include natural
product oils and asymmetrical polyhydroxyl lubrication additives such as Synergol TMS
(International Lubricants). Similarly, stabilizers such as antioxidants, free radical scavengers,
and water scavengers may be employed. Compounds In this category can include, but are not
limited to, butylated hydroxy toluene (BHT) and epoxides.

[0040] The compositions of the present invention may further comprise 0.01 weight percent to
5 weight percent of an additive such as, for example, a stabilizer, free radical scavenger and/or
antioxidant. Such additives Iinclude but are not limited to, nitromethane, hindered phenols,
hydroxylamines, thiols, phosphites, or lactones. Single additives or combinations may be used.

[0041] The compositions of the present invention may further comprise 0.01 weight percent to
5 weight percent of a water scavenger (drying compound). Such water scavengers may
comprise ortho esters such as trimethyl-, triethyl-, or tripropylortho formate.

[0042] The compositions of the present invention may further comprise a tracer selected from

the group consisting of hydrofluorocarbons (HFCs), deuterated hydrocarbons, deuterated
hydrofluorocarbons, perfluorocarbons, fluoroethers, brominated compounds, Iodated

compounds, alcohols, aldehydes, ketones, nitrous oxide (N2O) and combinations thereof. The

tracer compounds are added to the compositions In previously determined quantities to allow

detection of any dilution, contamination or other alteration of the composition, as described In
U. S. Patent application serial no. 11/062044, filed February 18, 2005.

[0043] Typical tracer compounds for use In the present compositions are listed in Table 7.
TABLE 7
Compound

-« % -« % - %

-« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« % -« %

Deuterated hydrocarbons and hydrofluorocarbons
Ethane-d6 CD3CD3

. Propane-d8 CD3;CD,CD3 ‘

CQH§§0§§0§§0§§0§§0§§0§§0§§0§§0‘50‘50‘50‘50§§0§§0§§0§§0§§0§§0§§0§§0§§0‘50‘50‘50‘50§§0§§0§§0§§0§§0§§0§§0§§0§§0‘50‘50‘50‘50Qﬁ.ﬁﬁ.ﬁﬁ.w §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

HFC-134a-d2 CD,FCFj

HFC-143a-d3 CD4CF, ‘

Q.H00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000“ 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

HFC-227ea-d CF4CDFCF4
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Deuterated hydrocarbons and hydrofluorocarbons

HFC-22/ca-d CF30F2CDF2

HFC-134-d2 CDF,CDF,

'HFC-236fa-d2 CFCD,CF

HF C-263fb-d2* 'CF2CD,CH-

'HFC-263fb-d3 CF>CH,CD»

Fluoroethers
e S
HFOC-134aE |CH,FOCF

'HFOC-143aE CH5OCF, ‘

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

HFOC-227eaE CF3OCHFCF4

HFOC-236faE CF30CH,CF4

'HFOC-245faERy or HFOC-245faEaf CHF,0CH,CF4 (or CHF5CH»OCFa3) |
T S Ty RO NI r A
HFE-42-11 mcc (or Freon® E1) CF3CF2CF2OCHFCF3

Freon® E2 CF4CF,CF>OCF(CF3)CF,0OCHFCFa
Hydrofluorocarbons | ‘
HFC-23 CHF3

HFC-16 CH4CH,F

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

HFC-152a CH4CHF,

HFC-134 CHF,CHF»

HFC-227ea CFCHFCF-

§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

HFC -22/ca CHF20F20F3

HFC-236¢b CH2FCF20F3

HFC-236ea CFCHFCHF,

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

HFC-236fa CF3CH,CF

HFC-245cbh CF30F2CH3

HFC-245fa CHF,CH,CF

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

HFC-254cb CHF,CF,CHs |

HFC-254eb CF3CHFCHs
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Hydrofluorocarbons

HFC-263fb CFgC HoCH4
HFC-272ca CH3CF20 Ha

HFC-281ea CchHFCHg
HFC-281fa CHoFCH,CHg
HFC-329mmz CH3 >CHCF4

'HFC-338mf CF4CH,CF,CFs ‘

QCH06006006006006006006006QCQ006006006006006006006006006006006006QCQ006006006006006006006006006006006006QCQ006006006006006006006006“ 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

HFC-338pCC CHcm F2CF20HF2

§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

PFC-C51-12mycm

HFC-347s CH30F2CF20F3

'HFC-43-10mee CF,CHFCHFCF,CF4
Perfluorocarbons |
S e
PFC-C216 ' Cyclo(-CF,CF,CF>-)
e — T
PFC-31-10mc CFchchchg

PFC-31-10my (CF2),CFCF,

0‘50‘50‘50‘50QQCQQCQQCQQCQQCQQC\ §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

Cyclo(-CF(CF3)CF,CF(CF4)CF»-)

PFC-C51-12mym, trans Cyclo (-CFoCF(CF4)CF(CF3CF2-)

PFC-C51- -12mym, cis Cyclo(-CF>CF( CF3 JCF(CF3) CF2

QQ.Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q..Q\ .............................................................................................................

Perfluoromethylcyclo-pentane

Perfluoromethylcyclo-hexane Cyclo(-
CF>CFo(CF3)CF>CF>CF>CF5-)

Cyclo(-
CF>CF»(CF3)CF>CFo(CF3)CF5-)

QCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQ\ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

Perfluoroethylcyclohexane Cyclo(-
CF>CFo(CF>CF3)CF>CF>CF5CF»-)

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

Perfluoroindan

Perfluorodimethylcyclo-hexane (ortho,
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Perfluorocarbons

Perfluorotrimethylcyclo-hexane (all possible {Cyclo(-
iIsomers) CFo(CF3)CF5(CF3)CF>CFo(CF3)CF»-)

Perfluoroisopropylcyclo-hexane

Cyclo(-
CF>CF5(CF5(CF3)2)CF>CF5CF5CF»-)

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Perfluorodecalin (cis or trans, trans shown) {C4qF4g (see structure below)

Perfluoromethyldecalin (cis or trans and all C11F20 (see structure below)
additional possible isomers)

-
.........................................................................................................................................................................................................................................................................................................................................................................................................

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

Bromofluoromethane CH5FBr

Bromodifluoromethane CHF,Br ‘
Dibromofluoromethane CHFBr2

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Bromoethane CH3CH»Br ‘

Bromoethene CH>=CHBr
1,2-dibromoethane * CH5BrCH»Br

‘ 1-bromo-1.2-difluoroethene CFBr=CHF ‘

AAAAAARRARAAAAARRRARAAAAARRAREEAAARRRRRRAAAARRRRRRAAARRRRRRAAAARRRRHRAAAARRRRRRAAARRR AR AR AARRRRERAAAARRAREAAAARRRRERAAAARRRRRRAAARRRRRRAAAARR AR RAAARRR AR AR AR R R AR RN RARARRRR AR RN ARR AR R AR RN AR R RN RN R R R RN ANANR AR RN RN NANA AR RN RN NN AR RN RN N NS

lodated compounds
lodotrifluoromethane CFl

Difluoroiodomethane CHF2I

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

Fluoroiodomethane CH5FI |

1,1,2-trifluoro-1-iodoethane CF5ICHSF

1.1 2. 2-tetrafluoro-1-iodoethane CF>ICHF5

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

1.1.2.2-tetrafluoro-1,2-dilodoethane CF5ICFsl |

lodopentafluorobenzene CgFsl
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. N \d
N-propal 10| CH30H2CH20H
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Acetone (2-propanone) Cch CH3
n-propanal CchHchO
n-butanal CH30H2CH20HO
Metl Iy| etl Iy| ketone (2-butanone) Cch(O)CHchg
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Nit ] N-O
_

[0044] The compounds listed In Table 7 are available commercially (from chemical supply
houses) or may be prepared by processes known In the art.

[0045] Single tracer compounds may be used in combination with a refrigeration/heating fluid
In the compositions of the present invention or multiple tracer compounds may be combined In
any proportion to serve as a tracer blend. The tracer blend may contain multiple tracer
compounds from the same class of compounds or multiple tracer compounds from different
classes of compounds. For example, a tracer blend may contain 2 or more deuterated
hydrofluorocarbons, or one deuterated hydrofluorocarbon in combination with one or more
perfluorocarbons.

[0046] Additionally, some of the compounds In Table 7 exist as multiple isomers, structural or
optical. Single iIsomers or multiple iIsomers of the same compound may be used In any
proportion to prepare the tracer compound. Further, single or multiple iIsomers of a given
compound may be combined in any proportion with any number of other compounds to serve
as a tracer blend.

[0047] The tracer compound or tracer blend may be present in the compositions at a total
concentration of 50 parts per million by weight (ppm) to 1000 ppm. Preferably, the tracer
compound or tracer blend is present at a total concentration of 50 ppm to 500 ppm and most
preferably, the tracer compound or tracer blend is present at a total concentration of 100 ppm
to 300 ppm.

[0048] The compositions of the present invention may further comprise a compatibilizer
selected from the group consisting of polyoxyalkylene glycol ethers, amides, nitriles, ketones,
chlorocarbons, esters, lactones, aryl ethers, fluoroethers and 1,1,1-trifluoroalkanes. The
compatibilizer is used to improve solubility of hydrofluorocarbon refrigerants in conventional
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refrigeration lubricants. Refrigeration lubricants are needed to lubricate the compressor of a
refrigeration, air-conditioning or heat pump apparatus. The lubricant must move throughout the
apparatus with the refrigerant in particular it must return from the non-compressor zones to the
compressor to continue to function as lubricant and avoid compressor failure.

[0049] Hydrofluorocarbon refrigerants are generally not compatible with conventional
refrigeration lubricants such as mineral oils, alkylbenzenes, synthetic paraffins, synthetic
naphthenes and poly(alpha)olefins. Many replacement lubricants have been proposed,
however, the polyalkylene glycols, polyol esters and polyvinyl ethers, suggested for use with
hydrofluorocarbon refrigerants are expensive and absorb water readilly. Water in a
refrigeration, air-conditioning system or heat pump can lead to corrosion and the formation of
particles that may plug the capillary tubes and other small orifices In the system, ultimately
causing system failure. Additionally, in existing equipment, time-consuming and costly flushing
procedures are required to change to a new lubricant. Therefore, it is desirable to continue to
use the original lubricant if possible.

[0050] The compatibilizers may improve solubility of the hydrofluorocarbon refrigerants In
conventional refrigeration lubricants and thus improve olil return to the compressor.

[0051] Polyoxyalkylene glycol ether compatibilizers may be represented by the formula

R'[(OR%),OR?]y, wherein: x is an integer from 1-3; y is an integer from 1-4; R is selected from

hydrogen and aliphatic hydrocarbon radicals having 1 to 6 carbon atoms and y bonding sites;

R4 is selected from aliphatic hydrocarbylene radicals having from 2 to 4 carbon atoms; R* is
selected from hydrogen and aliphatic and alicyclic hydrocarbon radicals having from 1 to 6

carbon atoms; at least one of RT and R® is said hydrocarbon radical; and wherein said
polyoxyalkylene glycol ethers have a molecular weight of from about 100 to about 300 atomic
mass units. As used herein, bonding sites mean radical sites available to form covalent bonds
with other radicals. Hydrocarbylene radicals mean divalent hydrocarbon radicals. Preferred

polyoxyalkylene glycol ether compatibilizers are represented by R1[(OR2)XOR3]y: X 1S preferably

1-2: y is preferably 1; R! and R3 are preferably independently selected from hydrogen and

aliphatic hydrocarbon radicals having 1 to 4 carbon atoms; R? is preferably selected from
aliphatic hydrocarbylene radicals having from 2 or 3 carbon atoms, most preferably 3 carbon
atoms; the polyoxyalkylene glycol ether molecular weight is preferably from 100 to 250 atomic

mass units, most preferably from 125 to 250 atomic mass units. The R! and R® hydrocarbon
radicals having 1 to 6 carbon atoms may be linear, branched or cyclic. Representative R! and

R3 hydrocarbon radicals include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-
butyl, pentyl, isopentyl, neopentyl, tert-pentyl, cyclopentyl, and cyclohexyl. VWhere free hydroxyl
radicals on the present polyoxyalkylene glycol ether compatibilizers may be incompatible with

certain compression refrigeration apparatus materials of construction (e.g. Mylar®), R! and R3
are preferably aliphatic hydrocarbon radicals having 1 to 4 carbon atoms, most preferably 1

carbon atom. The R? aliphatic hydrocarbylene radicals having from 2 to 4 carbon atoms form



DK/EP 3309233 T3

repeating oxyalkylene radicals - (OR%), - that include oxyethylene radicals, oxypropylene

radicals, and oxybutylene radicals. The oxyalkylene radical comprising R? in one
polyoxyalkylene glycol ether compatibilizer molecule may be the same, or one molecule may

contain different RZ oxyalkylene groups. The present polyoxyalkylene glycol ether

compatibilizers preferably comprise at least one oxypropylene radical. Where R is an aliphatic
or alicyclic hydrocarbon radical having 1 to 6 carbon atoms and y bonding sites, the radical

may be linear, branched or cyclic. Representative R aliphatic hydrocarbon radicals having two
bonding sites include, for example, an ethylene radical, a propylene radical, a butylene radical,
a pentylene radical, a hexylene radical, a cyclopentylene radical and a cyclohexylene radical.

Representative R' aliphatic hydrocarbon radicals having three or four bonding sites include
residues derived from polyalcohols, such as trimethylolpropane, glycerin, pentaerythritol, 1,2,3-
trihydroxycyclohexane and 1,3,5-trihydroxycyclohexane, by removing their hydroxyl radicals.

[0052] Representative polyoxyalkylene glycol ether compatibilizers include but are not limited
to. CH3OCH,CH(CH3)O(H or CHsj) (propylene glycol methyl (or dimethyl) ether),

CH3O[CHCH(CH3)Olo(H or CH3) (dipropylene glycol methyl (or dimethyl) ether),
CH3O[CH,CH(CH3)OlJs(H or CH3s) (tripropylene glycol methyl (or dimethyl) ether),
CoHsOCH,CH(CH3)O(H or CsHs)  (propylene  glycol ethyl (or diethyl) ether),
CoHs0O[CH,CH(CH3)Ol>(H or CsHs) (dipropylene glycol ethyl (or diethyl) ether),
CoHsO[CH,CH(CH3)Ola(H  or CsHsg)  (tripropylene glycol ethyl (or diethyl) ether),
CaH7OCH>CH(CH3)O(H or CsH7) (propylene glycol n-propyl (or din-propyl) ether),
CaH7O[CH>CH(CH3)Ol>(H or CaH7) (dipropylene glycol n-propyl (or di-n-propyl) ether),
CaH7O[CH,CH(CH3)Ol3(H or CaHy) (tripropylene glycol n-propyl (or di-n-propyl) ether),
C4HOCH>CH(CH2)OH (propylene glycol n-butyl ether), C4HgO[CH>CH(CH3)OJl>(H or C4Hg)
(dipropylene glycol n-butyl (or di-n-butyl) ether), C4HgO[CH>CH(CH3)OJ]a(H or Cg4Hg)
(tripropylene glycol n-butyl (or di-n-butyl) ether), (CH3)3COCH>CH(CH3)OH (propylene glycol t-
butyl ether), (CH3)3CO[CHCH(CH3)O]>(H or (CH3)3) (dipropylene glycol t-butyl (or di-t-butyl)
ether), (CH3)3CO[CHCH(CH3)O]Ja(H or (CH3)3) (tripropylene glycol t-butyl (or di-t-butyl) ether),
CsH11OCH>CH(CH2)OH (propylene glycol n-pentyl ether), C4HgOCH>CH(C5H5)OH (butylene
glycol n-butyl ether), C4HgO[CH,CH(CoH5)O]oH (dibutylene glycol n-butyl ether),
trimethylolpropane tri-n-butyl ether (CoH5C(CH,O(CH2)3CH3)3) and trimethylolpropane di-n-
butyl ether (CoH5C(CH,OC(CH»)3CH3)2CH20H).

[0053] Amide compatibilizers may comprise those represented by the formulae R'C(O)NR<4R?
and cyclo-[R4C(O)N(R?)], wherein R', R4, R3 and R® are independently selected from aliphatic

and alicyclic hydrocarbon radicals having from 1 to 12 carbon atoms; R* is selected from
aliphatic hydrocarbylene radicals having from 3 to 12 carbon atoms; and wherein said amides
have a molecular weight of from 100 to 300 atomic mass units. The molecular weight of said

amides is preferably from 160 to 250 atomic mass units. R, R¢, R3 and R® may optionally
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Include substituted hydrocarbon radicals, that i1s, radicals containing non-hydrocarbon
substituents selected from halogens (e.g., fluorine, chlorine) and alkoxides (e.g. methoxy). R,

R?, R3 and R® may optionally include heteroatom-substituted hydrocarbon radicals, that is,
radicals, which contain the atoms nitrogen (aza-), oxygen (oxa-) or sulfur (thia-) in a radical
chain otherwise composed of carbon atoms. In general, no more than three non-hydrocarbon
substituents and heteroatoms, and preferably no more than one, will be present for each 10

carbon atoms in R'° and the presence of any such non-hydrocarbon substituents and
heteroatoms must be considered in applying the aforementioned molecular weight limitations.
Preferred amide compatibilizers consist of carbon, hydrogen, nitrogen and oxygen.

Representative R!, R, R3 and R? aliphatic and alicyclic hydrocarbon radicals include methyl,
ethyl, propyl, 1sopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, iIsopentyl, neopentyl, tert-
pentyl, cyclopentyl, cyclohexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl and their
configurational isomers. A preferred embodiment of amide compatibilizers are those wherein

R* in the aforementioned formula cyclo-[R*C(O)N(R°)-] may be represented by the
hydrocarbylene radical (CR®RY),, in other words, the formula: cyclo-[(CRPR/).C(O)N(R>)-]

wherein: the previously-stated values for molecular weight apply: n is an integer from 3 to 5; R
is a saturated hydrocarbon radical containing 1 to 12 carbon atoms; R® and R’ are

Independently selected (for each n) by the rules previously offered defining R1-3. In the lactams

represented by the formula: cyclo-[(CRPR/),C(O)N(R®)-], all R® and R’ are preferably

hydrogen, or contain a single saturated hydrocarbon radical among the n methylene units, and

R° is a saturated hydrocarbon radical containing 3 to 12 carbon atoms. For example, 1-
(saturated hydrocarbon radical)-5-methylpyrrolid in-2-ones.

[0054] Representative amide compatibilizers include but are not limited to: 1-octylpyrrolidin-2-
one, 1-decylpyrrolidin-2-one, 1-octyl-5-methylpyrrolidin-2-one, 1-butylcaprolactam, 1-
cyclohexylpyrrolidin-2-one, 1-butyl-5-methylpiperid-2-one, 1-pentyl-5-methylpiperid-2-one, 1-
hexylcaprolactam, 1-hexyl-5-methylpyrrolidin-2-one, 5-methyl-1-pentylpiperid-2-one, 1,3-
dimethylpiperid-2-one, 1-methylcaprolactam, 1-butyl-pyrrolidin-2-one, 1,5-dimethylpiperid-2-
one, 1-decyl-5-methylpyrrolidin-2-one, 1-dodecylpyrrolid-2-one, N,N-dibutylformamide and
N,N-diisopropylacetamide.

[0055] Ketone compatibilizers may comprise ketones represented by the formula R'C(O)R?,

wherein R! and R4 are independently selected from aliphatic, alicyclic and aryl hydrocarbon
radicals having from 1 to 12 carbon atoms, and wherein said ketones have a molecular weight

of from 70 to 300 atomic mass units. R and R? in said ketones are preferably independently
selected from aliphatic and alicyclic hydrocarbon radicals having 1 to 9 carbon atoms. The

molecular weight of said ketones is preferably from 100 to 200 atomic mass units. R! and R?
may together form a hydrocarbylene radical connected and forming a five, six, or seven-
membered ring cyclic ketone, for example, cyclopentanone, cyclohexanone, and

cycloheptanone. R! and R4 may optionally include substituted hydrocarbon radicals, that is,
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radicals containing non-hydrocarbon substituents selected from halogens (e.g., fluorine,

chlorine) and alkoxides (e.g. methoxy). R' and R? may optionally include heteroatom-
substituted hydrocarbon radicals, that is, radicals, which contain the atoms nitrogen (aza-),
oxygen (keto-, oxa-) or sulfur (thia-) in a radical chain otherwise composed of carbon atoms. In
general, no more than three non-hydrocarbon substituents and heteroatoms, and preferably

no more than one, will be present for each 10 carbon atoms in R! and R4, and the presence of
any such non-hydrocarbon substituents and heteroatoms must be considered in applying the

aforementioned molecular weight limitations. Representative R! and R# aliphatic, alicyclic and

aryl hydrocarbon radicals In the general formula FUC(O)R2 Include methyl, ethyl, propyl,
iIsopropyl, butyl, isobutyl, sec-butyl, fert-butyl pentyl, isopentyl, neopentyl, tert-pentyl,
cyclopentyl, cyclohexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl and their configurational
iIsomers, as well as phenyl, benzyl, cumenyl, mesityl, tolyl, xylyl and phenethyl.

[0056] Representative ketone compatibilizers include but are not limited to: 2-butanone, 2-

pentanone, acetophenone, butyrophenone, hexanophenone, cyclohexanone, cycloheptanone,
2-heptanone, 3-heptanone, 5-methyl-2-hexanone, 2-octanone, 3-octanone, diisobutyl ketone,

4-ethylcyclohexanone, 2-nonanone, 5-nonanone, 2-decanone, 4-decanone, 2-decalone, 2-
tridecanone, dihexyl ketone and dicyclohexyl ketone.

[0057] Nitrile compatibilizers may comprise nitriles represented by the formula R'CN, wherein

R' is selected from aliphatic, alicyclic or aryl hydrocarbon radicals having from 5 to 12 carbon
atoms, and wherein said nitriles have a molecular weight of from 90 to 200 atomic mass units.

R in said nitrile compatibilizers is preferably selected from aliphatic and alicyclic hydrocarbon
radicals having 8 to 10 carbon atoms. The molecular weight of said nitrile compatibilizers is

preferably from 120 to 140 atomic mass units. R! may optionally include substituted
hydrocarbon radicals, that is, radicals containing non-hydrocarbon substituents selected from

halogens (e.g., fluorine, chlorine) and alkoxides (e.g. methoxy). R' may optionally include
heteroatom-substituted hydrocarbon radicals, that iIs, radicals, which contain the atoms
nitrogen (aza-), oxygen (keto-, oxa-) or sulfur (thia-) in a radical chain otherwise composed of
carbon atoms. In general, no more than three non-hydrocarbon substituents and heteroatoms,

and preferably no more than one, will be present for each 10 carbon atoms in R', and the
presence of any such non-hydrocarbon substituents and heteroatoms must be considered In

applying the aforementioned molecular weight limitations. Representative R aliphatic, alicyclic

and aryl hydrocarbon radicals in the general formula R'CN include pentyl, isopentyl, neopentyl,
tert-pentyl, cyclopentyl, cyclohexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl and their
configurational isomers, as well as phenyl, benzyl, cumenyl, mesityl, tolyl, xylyl and phenethyl.

[0058] Representative nitrile compatibilizers include but are not limited to: 1-cyanopentane,
2,2-dimethyl-4-cyanopentane, 1-cyanohexane, 1-cyanoheptane, 1-cyanooctane, 2-
cyanooctane, 1-cyanononane, 1-cyanodecane, 2-cyanodecane, 1-cyanoundecane and 1-
cyanododecane.
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[0059] Chlorocarbon compatibilizers may comprise chlorocarbons represented by the formula
RCIy, wherein; x Is selected from the integers 1 or 2; R is selected from aliphatic and alicyclic

hydrocarbon radicals having 1 to 12 carbon atoms; and wherein said chlorocarbons have a
molecular weight of from 100 to 200 atomic mass units. The molecular weight of said
chlorocarbon compatibilizers i1s preferably from 120 to 150 atomic mass units. Representative
R aliphatic and alicyclic hydrocarbon radicals in the general formula RCIy include methyl, ethyl,

propyl, isopropyl, butyl, isobutyl, sec-butyl, fert-butyl, pentyl, isopentyl, neopentyl, tert-pentyl,
cyclopentyl, cyclohexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl and their configurational
ISOomers.

[0060] Representative chlorocarbon compatibilizers include but are not limited to: 3-
(chloromethyl)pentane, 3-chloro-3-methylpentane, 1-chlorohexane, 1,6-dichlorohexane, 1-
chloroheptane, 1-chlorooctane, 1-chlorononane, 1-chlorodecane, and 1,1,1-trichlorodecane.

[0061] Ester compatibilizers may comprise esters represented by the general formula

R'CO,R% wherein R! and R? are independently selected from linear and cyclic, saturated and

unsaturated, alkyl and aryl radicals. Preferred esters consist essentially of the elements C, H
and O, have a molecular weight of from 80 to 550 atomic mass units.

[0062] Representative esters include but are not limited to: (CH3)>CHCH,OOC(CH>)5.
4OCOCH,>CH(CH4), (diisobutyl dibasic ester), ethyl hexanoate, ethyl heptanoate, n-butyl

propionate, n-propyl propionate, ethyl benzoate, di-n-propyl phthalate, benzoic acid
ethoxyethyl ester, dipropyl carbonate, "Exxate 700" (a commercial C; alkyl acetate), "Exxate

800" (a commercial Cg alkyl acetate), dibutyl phthalate, and tert-butyl acetate.

[0063] Lactone compatibilizers may comprise lactones represented by structures [A], [B], and
[C]:

[A] [B] [Cl
These lactones contain the functional group -CO»- In a ring of six (A), or preferably five atoms

(B), wherein for structures [A] and [B], R4 through Rg are independently selected from

hydrogen or linear, branched, cyclic, bicyclic, saturated and unsaturated hydrocarbyl radicals.
Each R4 though Rg may be connected forming a ring with another R4 through Rg. The lactone

may have an exocyclic alkylidene group as in structure [C], wherein R4 through R® are

Independently selected from hydrogen or linear, branched, cyclic, bicyclic, saturated and

unsaturated hydrocarbyl radicals. Each R4 though R® may be connected forming a ring with

another R4 through Rg. The lactone compatibilizers have a molecular weight range of from 80
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to 300 atomic mass units, preferred from 80 to 200 atomic mass units.

[0064] Representative lactone compatibilizers include but are not limited to the compounds
isted In Table 8.
TABLE 8

Molecular
Weight

Molecular Structure i Molecular
Formula

Additive

(E,Z)-3-ethylidene-5-methyl-dihydro-
furan-2-one '

0‘50‘50‘50§§0§§0§§0§§0§§0§§0§§0§§0§§0‘50‘50‘50‘50§§0§§0§§0§§0§§0§§0§§0§§0§§0‘50‘50‘50‘50Qﬁ.ﬁﬁ.ﬁﬁ.ﬁQ.QQ.\ §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

(E,Z)-3-propylidene-5-methyl-
dihydro-furan-2-one

| (E,Z)-3-butylidene-5-methyl-dihydro-
furan-2-one

QCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQCCQN CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

(E,Z)-3-pentylidene-5-methyl-
dihydro-furan-2-one

(E,Z)-3-Hexylidene-5-methyl-
dihydro-furan-2-one

(E Z)-3-Heptylidene-5-methyl-
dihydro-furan-2-one

(E,Z)-3-octylidene-5-methyl-dinydro-
furan-2-one

(E,Z)-3-nonylidene-5-methyl-
dihydro-furan-2-one

(E,Z)-3-decylidene-5-methyl-
dihydro-furan-2-one

(E,Z)-3-(3,9,5-
trimethylhexylidene)-5-methyl-
dihydrofuran-2-one

(E,Z)-3-cyclohexylmethylidene-5-
methyl-dinydrofuran-2-one

gamma-octalactone
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Additive Molecular Structure { Molecular{Molecular
Formula { Weight
(amu)
gamma-nonalactone
156
gamma-decalactone
170
gamma-undecalactone
184
gamma-dodecalactone
198
3-hexyldinydro-furan-2-one
170

3-heptyldinydro-furan-2-one

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

cis-3-ethyl-5-methyl-dinydro-furan-2-
one

-
.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.CQ.CQ.CQ.CQ.CQ.CQ.CQ.& QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ

cis-(3-propyl-5-methyl)-dihydro-
furan-2-one

' cis-(3-butyl-5-methyl)-dihydro-furan-
2-0ne

cis-(3-pentyl-5-methyl)-dihydro-
furan-2-one

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

cis-3-hexyl-5-methyl-dihydro-furan-
2-0ne

cis-3-heptyl-5-methyl-dihydro-furan-
2-0one

.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.0Q.CQ.CQ.CQ.CQ.CQ.CQ.CQ.& QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ

cis-3-octyl-5-methyl-dinydro-furan-2-
one
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Molecular
Weight
(amu)

Molecular Structure i Molecular
Formula

Additive

cIS-3-(3,9,5-trimethylhexyl)-5-

methyl-dinydro-furan-2-one 226

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

cis-3-cyclohexylmethyl-5-methyl-
dihydro-furan-2-one

5-methyl-5-hexyldihydro-furan-2-one
184

S-methyl-5-octyldihydro-furan-2-one “
212

Hexahydro-isobenzofuran-1-one

delta-decalactone

0CCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCC.CC.CC.CC.CC.CC.CC.CC.& CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

delta-undecalactone

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

delta-dodecalactone

0‘50‘50‘50§§0§§0§§0§§0§§0§§0§§0§§0§§0‘50‘50‘50‘50§§0§§0§§0§§0§§0§§0§§0§§0§§0‘50‘50‘50‘50Qﬁ.ﬁﬁ.ﬁﬁ.ﬁQ.QQ.\ §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

mixture of 4-hexyl-dihydrofuran-2-
one and 3-hexyl-dihydro-furan-2-
one

[0065] Lactone compatibilizers generally have a kinematic viscosity of less than about 7
centistokes at 40°C. For instance, gamma-undecalactone has kinematic viscosity of 5.4
centistokes and cis-(3-hexyl-5-methyl)dihydrofuran-2-one has viscosity of 4.5 centistokes both

at 40°C. Lactone compatibilizers may be available commercially or prepared by methods as
described in U. S. patent application 10/910,495 filed August 3, 2004.

[0066] Aryl ether compatibilizers may further comprise aryl ethers represented by the formula
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R1OR?, wherein: R! is selected from aryl hydrocarbon radicals having from 6 to 12 carbon

atoms: R? is selected from aliphatic hydrocarbon radicals having from 1 to 4 carbon atoms;
and wherein said aryl ethers have a molecular weight of from 100 to 150 atomic mass units.

Representative R'! aryl radicals in the general formula R'OR? include phenyl, biphenyl,
cumenyl, mesityl, tolyl, xylyl, naphthyl and pyridyl. Representative R4 aliphatic hydrocarbon

radicals in the general formula RTOR? include methyl, ethyl, propyl, isopropyl, butyl, isobutyl
sec-butyl and tert-butyl. Representative aromatic ether compatibilizers include but are not
imited to: methyl phenyl ether (anisole), 1,3-dimethyoxybenzene, ethyl phenyl ether and butyl
phenyl ether.

[0067] Fluoroether compatibilizers may comprise those represented by the general formula

R'OCF,CF,H, wherein R! is selected from aliphatic, alicyclic, and aromatic hydrocarbon

radicals having from 5 to 15 carbon atoms, preferably primary, linear, saturated, alkyl radicals.
Representative fluoroether compatibilizers include but are not limited to: CgH17OCF>CF->H and

CgH130OCF>CF5H. It should be noted that If the refrigerant Is a fluoroether, then the

compatibilizer may not be the same fluoroether.

[0068] Fluoroether compatibilizers may further comprise ethers derived from fluoroolefins and
polyols. The fluoroolefins may be of the type CF,=CXY, wherein X i1s hydrogen, chlorine or

fluorine, and Y Is chlorine, fluorine, CF3 or ORf wherein Rf Is CF3 CsFg5, or CiFs.

Representative fluoroolefins are tetrafluoroethylene, chlorotrifluoroethylene,

hexafluoropropylene, and perfluoromethylvinyl ether. The polyols may be linear or branched.
Linear polyols may be of the type HOCH,(CHOH),(CRR'),CH;OH, wherein R and R are

hydrogen, or CHsj, or CoHg and wherein x Is an integer from 0-4, and y is an integer from 0-4.
Branched polyols may be of the type C(ORH)«(R) ,(CH>,OH),[(CH>5)CH>0OH],,, wherein R may be
hydrogen, CH3 or CoHs, m may be an integer from O to 3, t and u may be O or 1, v and w are

Integers from O to 4, and also whereint+ u + v+ w = 4. Representative polyols are trimethylol
propane, pentaerythritol, butanediol, and ethylene glycol.

[0069] 1,1,1-Trifluoroalkane compatibilizers may comprise 1,1,1-trifluoroalkanes represented

by the general formula CF3R?, wherein R is selected from aliphatic and alicyclic hydrocarbon

radicals having from 5 to 15 carbon atoms, preferably primary, linear, saturated, alkyl radicals.
Representative 1,1,1-trifluoroalkane compatibilizers include but are not limited to: 1,1,1-

trifluorohexane and 1,1, 1-trifluorododecane.

[0070] By effective amount of compatibilizer is meant that amount of compatibilizer that leads
to efficient solubilizing of the lubricant in the composition and thus provides adequate oil return
to optimize operation of the refrigeration, air-conditioning or heat pump apparatus.

[0071] The compositions of the present invention will typically contain from 0.1 to 40 weight
percent, preferably from 0.2 to 20 weight percent, and most preferably from 0.3 to 10 weight
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percent compatibilizer in the compositions of the present invention.

[0072] Further described herein i1s a method of solubilizing a refrigerant or heat transfer fluid
composition comprising the compositions of the present invention in a refrigeration lubricant
selected from the group consisting of mineral oils, alkylbenzenes, synthetic paraffins, synthetic
naphthenes, and poly(alpha)olefins, wherein said method comprises contacting said lubricant
with said composition in the presence of an effective amount of a compatibilizer, wherein said
compatibilizer 1s selected from the group consisting of polyoxyalkylene glycol ethers, amides,
nitriles, ketones, chlorocarbons, esters, lactones, aryl ethers, fluoroethers and 1,1,1-
trifluoroalkanes.

[0073] Further described herein i1Is a method for improving oil-return to the compressor Iin a

compression refrigeration, air-conditioning or heat pump apparatus, said method comprising
using a composition comprising compatibilizer in said apparatus.

[0074] The compositions of the present invention may further comprise an ultra-violet (UV) dye
and optionally a solubilizing agent. The UV dye Is a useful component for detecting leaks of the
composition by permitting one to observe the fluorescence of the dye in the composition at a
leak point or in the vicinity of refrigeration, air-conditioning, or heat pump apparatus. One may
observe the fluorescence of the dye under an ultra-violet light. Solubllizing agents may be
needed due to poor solubllity of such UV dyes In some compositions.

[0075] By "ultra-violet” dye 1s meant a UV fluorescent composition that absorbs light in the
ultra-violet or "near” ultra-violet region of the electromagnetic spectrum. The fluorescence
produced by the UV fluorescent dye under illumination by a UV light that emits radiation with
wavelength anywhere from 10 nanometer to /50 nanometer may be detected. Therefore, If a
composition containing such a UV fluorescent dye I1s leaking from a given point In a
refrigeration, air-conditioning, or heat pump apparatus, the fluorescence can be detected at
the leak point. Such UV fluorescent dyes include but are not Iimited to naphthalimides,
perylenes, coumarins, anthracenes, phenanthracenes, xanthenes, thioxanthenes,
naphthoxanthenes, fluoresceins, and derivatives or combinations thereof.

[0076] Solubilizing agents may comprise at least one compound selected from the group
consisting of hydrocarbons, hydrocarbon ethers, polyoxyalkylene glycol ethers, amides, nitriles,
ketones, chlorocarbons, esters, lactones, aryl ethers, fluoroethers and 1,1,1-trifluoroalkanes.
The polyoxyalkylene glycol ethers, amides, nitriles, ketones, chlorocarbons, esters, lactones,
aryl ethers, fluoroethers and 1,1,1-trifluoroalkanes solubilizing agents have been defined
previously herein as being compatibilizers for use with conventional refrigeration lubricants.

[0077] Hydrocarbon solubilizing agents may comprise hydrocarbons including straight chained,
branched chain or cyclic alkanes or alkenes containing 5 or fewer carbon atoms and only
hydrogen with no other functional groups. Representative hydrocarbon solubilizing agents
comprise propane, propylene, cyclopropane, n-butane, isobutane, 2-methylbutane and n-
pentane. It should be noted that If the composition contains a hydrocarbon, then the
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solubilizing agent may not be the same hydrocarbon.

[0078] Hydrocarbon ether solubilizing agents may comprise ethers containing only carbon,
hydrogen and oxygen, such as dimethyl ether (DME).

[0079] Solubilizing agents may be present as a single compound, or may be present as a
mixture of more than one solubilizing agent. Mixtures of solubilizing agents may contain two
solubilizing agents from the same class of compounds, say two lactones, or two solubilizing
agents from two different classes, such as a lactone and a polyoxyalkylene glycol ether.

[0080] In the present compositions comprising refrigerant and UV fluorescent dye, or
comprising heat transfer fluid and UV fluorescent dye, from 0.001 weight percent to 1.0 weight
percent of the composition Is UV dye, preferably from 0.005 weight percent to 0.5 weight
percent, and most preferably from 0.01 weight percent to about 0.25 weight percent.

[0081] Solublilizing agents such as ketones may have an objectionable odor, which can be
masked by addition of an odor masking agent or fragrance. Typical examples of odor masking
agents or fragrances may include Evergreen, Fresh Lemon, Cherry, Cinnamon, Peppermint,
Floral or Orange Peel all commercially available, as well as d-limonene and pinene. Such odor
masking agents may be used at concentrations of from 0.001% to as much as 15% by weight
based on the combined weight of odor masking agent and solubilizing agent.

[0082] Solubility of these UV fluorescent dyes in the compositions of the present invention may
be poor. Therefore, methods for introducing these dyes into the refrigeration, air-conditioning,
or heat pump apparatus have been awkward, costly and time consuming. US patent no. RE
36,951 describes a method, which utilizes a dye powder, solid pellet or slurry of dye that may
be Inserted into a component of the refrigeration, air-conditioning, or heat pump apparatus. As
refrigerant and lubricant are circulated through the apparatus, the dye Is dissolved or
dispersed and carried throughout the apparatus. Numerous other methods for introducing dye
Into a refrigeration or air conditioning apparatus are described in the literature.

[0083] Ideally, the UV fluorescent dye could be dissolved in the refrigerant itself thereby not
requiring any specialized method for introduction to the refrigeration, air conditioning
apparatus, or heat pump. The present Iinvention relates to compositions including UV
fluorescent dye, which may be introduced into the system as a solution in the refrigerant. The
Inventive compositions will allow the storage and transport of dye-containing compositions
even at low temperatures while maintaining the dye in solution.

[0084] In the present compositions comprising refrigerant, UV fluorescent dye and solubilizing
agent, or comprising heat transfer fluid and UV fluorescent dye and solubilizing agent, from 1
to 50 weight percent, preferably from 2 to 25 weight percent, and most preferably from 5 to 15
weight percent of the combined composition Is solubilizing agent. In the compositions of the
present invention the UV fluorescent dye 1s present in a concentration from 0.001 weight
percent to 1.0 weight percent, preferably from 0.005 weight percent to 0.5 weight percent, and



DK/EP 3309233 T3

most preferably from 0.01 weight percent to 0.25 weight percent.

[0085] Further described herein 1s a method of using the compositions further comprising
ultraviolet fluorescent dye, and optionally, solubilizing agent, in refrigeration, air-conditioning, or
heat pump apparatus. The method comprises Introducing the composition Into the
refrigeration, air-conditioning, or heat pump apparatus. This may be done by dissolving the UV
fluorescent dye In the composition in the presence of a solubilizing agent and introducing the
combination into the apparatus. Alternatively, this may be done by combining solubilizing agent
and UV fluorescent dye and introducing said combination into refrigeration or air-conditioning
apparatus containing refrigerant and/or heat transfer fluid. The resulting composition may be
used in the refrigeration, air-conditioning, or heat pump apparatus.

[0086] The present invention further relates to a method of using the compositions comprising
ultraviolet fluorescent dye to detect leaks. The presence of the dye in the compositions allows
for detection of leaking refrigerant in a refrigeration, air-conditioning, or heat pump apparatus.
Leak detection helps to address, resolve or prevent inefficient operation of the apparatus or
system or equipment failure. Leak detection also helps one contain chemicals used In the
operation of the apparatus.

[0087] The method comprises providing the composition comprising refrigerant, ultra-violet
fluorescent dye, as described herein, and optionally, a solubilizing agent as described herein,
to refrigeration, air-conditioning, or heat pump apparatus and employing a suitable means for
detecting the UV fluorescent dye-containing refrigerant. Suitable means for detecting the dye
Include, but are not limited to, ultra-violet lamps, often referred to as a "black light" or "blue
light". Such ultra-violet lamps are commercially available from numerous sources specifically
designed for this purpose. Once the ultra-violet fluorescent dye containing composition has
been Introduced to the refrigeration, air-conditioning, or heat pump apparatus and has been
allowed to circulate throughout the system, a leak can be found by shining said ultra-violet
lamp on the apparatus and observing the fluorescence of the dye In the vicinity of any leak
point.

[0088] The present invention further relates to a method for replacing a high GWP refrigerant
In a refrigeration, air-conditioning, or heat pump apparatus, wherein said high GWP refrigerant
IS selected from the group consisting of R134a, R22, R245fa, R114, R236fa, R124, R410A,
R407C, R417A, R422A, R507A, and R404A, said method comprising providing a composition
of the present invention to said refrigeration, air-conditioning, or heat pump apparatus that
uses, used or Is designed to use said high GWP refrigerant.

[0089] Vapor-compression refrigeration, air-conditioning, or heat pump systems include an
evaporator, a compressor, a condenser, and an expansion device. A vapor-compression cycle
re-uses refrigerant in multiple steps producing a cooling effect in one step and a heating effect
In a different step. The cycle can be described simply as follows. Liquid refrigerant enters an
evaporator through an expansion device, and the liquid refrigerant bolils in the evaporator at a
low temperature to form a gas and produce cooling. The low-pressure gas enters a
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compressor where the gas i1s compressed to raise its pressure and temperature. The higher-
pressure (compressed) gaseous refrigerant then enters the condenser in which the refrigerant
condenses and discharges its heat to the environment. The refrigerant returns to the
expansion device through which the liquid expands from the higher-pressure level In the
condenser to the low-pressure level in the evaporator, thus repeating the cycle.

[0090] As used herein, mobile refrigeration apparatus or mobile air-conditioning apparatus
refers to any refrigeration or air-conditioning apparatus incorporated into a transportation unit
for the road, rail, sea or air. In addition, apparatus, which are meant to provide refrigeration or
air-conditioning for a system Independent of any moving carrier, known as "intermodal”
systems, are included In the present invention. Such intermodal systems include "containers”
(combined sea/land transport) as well as "swap bodies” (combined road and rail transport).
The present invention Is particularly useful for road transport refrigerating or air-conditioning
apparatus, such as automobile air-conditioning apparatus or refrigerated road transport
equipment.

[0091] The present invention further relates to a process for producing cooling comprising
evaporating the compositions of the present invention in the vicinity of a body to be cooled, and
thereafter condensing said compositions.

[0092] The present invention further relates to a process for producing heat comprising
condensing the compositions of the present invention In the vicinity of a body to be heated, and
thereafter evaporating said compositions.

[0093] The present invention further relates to a refrigeration, air-conditioning, or heat pump
apparatus containing a composition of the present invention, such as a mobile air-conditioning
apparatus containing a composition of the present invention.

[0094] Further described herein iIs a method for early detection of a refrigerant leak In a
refrigeration, air-conditioning or heat pump apparatus saild method comprising using a non-
azeotropic composition In said apparatus, and monitoring for a reduction In cooling
performance. The non-azeotropic compositions will fractionate upon leakage from a
refrigeration, air-conditioning or heat pump apparatus and the lower boiling (higher vapor
pressure) component will leak out of the apparatus first. VWhen this occurs, if the lower boliling
component in that composition provides the majority of the refrigeration capacity, there will be
a marked reduction In the capacity and thus performance of the apparatus. In an automobile
air-conditioning system, as an example, the passengers In the automobile will detect a
reduction in the cooling capability of the system. This reduction In cooling capability can be
Interpreted to mean that refrigerant is being leaked and that the system requires repair.

[0095] Further described herein 1s a method of using the compositions of the present invention
as a heat transfer fluid composition, said process comprising transporting said composition
from a heat source to a heat sink.
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[0096] Heat transfer fluids are utilized to transfer, move or remove heat from one space,
location, object or body to a different space, location, object or body by radiation, conduction,
or convection. A heat transfer fluid may function as a secondary coolant by providing means of
transfer for cooling (or heating) from a remote refrigeration (or heating) system. In some
systems, the heat transfer fluid may remain in a constant state throughout the transfer process
(l.e., not evaporate or condense). Alternatively, evaporative cooling processes may utilize heat
transfer fluids as well.

[0097] A heat source may be defined as any space, location, object or body from which it is
desirable to transfer, move or remove heat. Examples of heat sources may be spaces (open or
enclosed) requiring refrigeration or cooling, such as refrigerator or freezer cases In a
supermarket, building spaces requiring air-conditioning, or the passenger compartment of an
automobile requiring air-conditioning. A heat sink may be defined as any space, location,
object or body capable of absorbing heat. A vapor compression refrigeration system is one
example of such a heat sink.

EXAMPLES

EXAMPLE 1

Impact of vapor leakage

[0098] A vessel Is charged with an Initial composition at a temperature of either -25 °C or If
specified, at 25 °C, and the Initial vapor pressure of the composition Is measured. The
composition is allowed to leak from the vessel, while the temperature is held constant, until 50
weight percent of the Initial composition i1s removed, at which time the vapor pressure of the

composition remaining in the vessel iIs measured. Results are shown in Table 9.
TABLE 9

Composition | Initial P | Initial P | After 50% Leak | After 50% Leak | Delta P |
wt% (Psia) (kPa) (Psia) (kPa) (%)

HFC-1234yf/HFC-152a

99/1 179 123 178 123 O’I%

000000000000000000000000000000000000”000jﬁ..000000000000000000000000000000\000000000000000000000000000000000‘000000000000000000000000000000000000000000000000.Q.C000QHQ.CQ000000000000000000000000000\ 0000000000000000000000000000

1/99 14.6 100 14.5 100 0.2%

AHBEEELLLLLLELLLLLLLLLLLLLLLLLLLLLLLLLLLLELLLLLLLLLLLLLLLLLLLLLLLLLL LY LLEELLELLLLLLLLLELELLELLLLLLLLLELELLLLLLLLLELLLLLLLLLLLLLLLLELLLLLLLLLLLLLLLLLLLELLLLLLELLLLLLLLLELLLLLLLLLLLLLLLLLELLLLLLLLLELLLLLLLLLLLLLLLLLLLLLLLLLL LN
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HFC- 1225ye/HFC 1234yf/HFC 192a 25 °C)

[0099] The difference In vapor pressure between the original composition and the composition
remaining after 50 weight percent is removed is less then about 10 percent for compositions of
the present invention. This indicates that the compositions of the present invention would be
azeotropic or near-azeotropic.

EXAMPLE 2

Refrigeration Performance Data

[0100] Table 10 shows the performance of various refrigerant compositions of the present
Invention as compared to HFC-134a. In Table 10, Evap Pres i1s evaporator pressure, Cond
Pres I1s condenser pressure, Comp Disch T 1s compressor discharge temperature, COP is
energy efficiency, and CAP Is capacity. The data are based on the following conditions.

Evaporator temperature 40.0°F (4.4°C)

Condenser ———— T S
'Subcool temperature 10.0°F (5.5°C)

Return gas temperature 60.0°F (15.6°C)
................................................................... T —

Note that the superheat is included in cooling capacity calculations.
TABLE 10

L Evap { Evap l Cond | Cond Comp Comp Cap
Con(tvsgj;l)tlon Pres { Pres Pres i Dischi Disch
° (Psia) { (kPa) T(F){ T(C) | mi

050§§0§§0§§0§§0§§0§§0§§0§§0‘50‘50‘50‘50§§0\\CQQCQQCQQCQQCQQCQQCQQ Q§0§§0§§0‘50‘50‘50‘50.50§§0§§0§§0§§0§§0§50‘\0‘50‘50‘50‘50‘50§§0§§0§§0§§0§§0§§0§§0§§0§§0‘00‘50‘50‘50§§0§§0§§0§§0§§j§50‘50‘50‘50‘50‘50\ §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

B B .
152a

428 | 295 1250 179 13.1314.40 |
(70/25/5)
344

HFC- 49.9 1392 3 | 199 13491435
1225ye/HF C-

HFC-
1234yf/HFC-
152a (80/20)

HF C-
1225ye/HF C-
1234yf/HFC-
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Evap { Evap { Cond { Cond :Compi{ Comp § Cap Ca COP
Pres { Pres Pres { Dischi Disch i (Btu/ kV\I?
(Psia) | (kPa) (kPa) { T(F) { T(C) { min) (kW)

[0101] The compositions have lower discharge pressures and temperatures than HFC-134a.
Capacity for the present compositions is also similar to R134a indicating these could be
replacement refrigerants for R134a in refrigeration and air-conditioning, and in mobile air-
conditioning applications in particular.

REFERENCES CITED IN THE DESCRIPTION

Composition
(Wt%)

1234yfIHF C-
1524
(25/70/5)
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SAMMENSZATNINGER OMFATTENDE HFC-1234YF OG HFC-152A
PATENTKRAYV

1. Sammens&tning, der omfatter HFC-1234yt og HFC-1352a.

2. Sammensa&tning ifglge krav 1, der omfatter 1 til 99 vegtprocent HFC-1234yt og 99 til 1 vaegtprocent
HEFC-152a.

3. Sammensa&tning ifglge krav 1 eller 2, der omfatter 40 til 99 vagtprocent HFC-1234yf og 60 til 1
vaegtprocent HFC-152a, fortrinsvis 40 til 80 vegtprocent HFC-1234yt og 60 til 20 vagtprocent HFC-152a
eller 80 t1l 99 vagtprocent HFC-1234yf og 1 til 20 vegtprocent HFC-152a.

4. Sammens&tning 1fglge krav 1, 2 eller 3, der omfatter 80 vaegtprocent HFC-1234yt og 20 vagtprocent
HEFC-152a.
3. Sammens&tning 1fglge krav 1, 2 eller 3, der omfatter 91,0 vagtprocent HFC-1234yft og 9,0

vaegtprocent HFC-152a.
0. Sammens&tning ifglge krav 5, der er en azeotropisk sammensatning ved -25 °C.
7. Sammensa&tning 1fglge krav 1, der omftatter

1 t1l 98 vagtprocent HFC-1234vyf, 0,1 til 98 vaegtprocent HFC-152a og 1 t1l 98 vaegtprocent HFC-
1225ye, fortrinsvis 10 til 90 vagtprocent HFC-1234yt, 0,1 til 50 vaegtprocent HFC-152a og 10 til 90
vegtprocent HFC-12235ye, mere fortrinsvis 25 vaegtprocent HFC-1234vt, 5 vegtprocent HFC-152a og 70
vaegtprocent HFC-1225ye eller 70 vagtprocent HFC-1234yt, 5 vegtprocent HFC-152a og 25 vagtprocent
HEFC-1225ye;

1 t11 98 vaegtprocent HFC-1234vyft, 1 til 98 vaegtprocent HFC-152a og 1 t1l 30 vagtprocent n-butan,
fortrinsvis 10 til 80 vaegtprocent HFC-1234yt, 10 t1l 80 vegtprocent HFC-152a og 1 t1l 20 vaegtprocent n-
butan, mere fortrinsvis 86,6 vaegtprocent HFC-1234vyt, 10,8 vegtprocent HFC-152a og 2,7 vegtprocent n-

butan;

1 t1l 98 vaegtprocent HFC-1234vyf, 1 t1l 90 vaegtprocent HFC-152a og 1 til 40 vagtprocent isobutan,
fortrinsvis 10 til 80 vaegtprocent HFC-1234yf, 10 til 80 vaegtprocent HFC-152a og 1 til 20 vagtprocent
1sobutan, mere fortrinsvis 75,3 vaegtprocent HFC-1234yt, 11,8 vegtprocent HFC-152a og 12,9 vagtprocent

1sobutan; eller

1 til 70 vegtprocent HFC-1234vyt, 1 til 98 vaegtprocent HFC-152a og 1 til 98 vaegtprocent DME,
fortrinsvis 10 til 70 vegtprocent HFC-1234vyt, 10 til 80 vegtprocent HFC-152a og 1 til 20 vaegtprocent DME,
mere fortrinsvis 24,6 vegtprocent HFC-1234vyt, 43,3 vagtprocent HFC-152a og 32,1 vaegtprocent DME.

S. Sammens&tning 1fglge et hvilket som helst at kravene 1 til 7, der endvidere omtatter et smgremiddel,

der er udvalgt fra gruppen bestiende af polyolestere, polyalkylenglycoler, polyvinylethere, mineralolier,

alkylbenzener, syntetiske parattiner, syntetiske naphthener og polyalphaolefiner.

9. Sammens&tning 1fglge et hvilket som helst at kravene 1 til 8, der endvidere omtatter mindst ét
oplgsningsmiddel, der er udvalgt fra gruppen bestiende af hydrocarboner, dimethylether,
polyoxyalkylenglycolethere, amider, Kketoner, nitriler, chlorcarboner, estere, lactoner, arylethere,

hydrofluorethere og 1,1,1-trifluoralkaner, hvor oplgsningsmidlet fortrinsvis er udvalgt fra gruppen bestaende

af:
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a) polyoxyalkylenglycolethere, der er repraesenteret ved formlen R!'[(OR?),OR?]y, hvor: X er et heltal
fra 1 til 3; y er et heltal fra 1 til 4; R! er udvalgt fra hydrogen og alifatiske carbonhydridradikaler med 1 til 6
carbonatomer og y bindingssteder; R? er udvalgt fra alifatiske hydrocarbylenradikalter med fra 2 til 4
carbonatomer; R’ er udvalgt fra hydrogen, og alifatiske og alicykliske carbonhydridradikaler med fra 1 til 6

carbonatomer; mindst én af R! og R’ er wudvalgt fra carbonhydridradikalerne; og hvor

polyoxyalkylenglycoletherne har en molekylvagt pa fra ca. 100 til ca. 300 atommasseenheder;

b) amider, der er reprasenteret ved formlen R'C(O)NR’R’ og cyclo[R*CON(R?)-], hvor R, R?, R’
og R° er uathengigt udvalgt fra alifatiske og alicykliske carbonhydridradikaler med fra 1 til 12 carbonatomer,
og maksimalt et aromatisk radikal med fra 6 til 12 carbonatomer; R* er udvalgt fra alifatiske
hydrocarbylenradikaler med fra 3 til 12 carbonatomer; og hvor amiderne har en molekylvagt pa fra ca. 100

til ca. 300 atommasseenheder;

¢) ketoner, der er reprasenteret ved formlen R'C(O)R?, hvor R! og R* er uathengigt udvalgt fra
alitatiske, alicykliske og arylcarbonhydridradikaler med fra 1 til 12 carbonatomer, og hvor ketonerne har en

molekylvaegt pa fra ca. 70 til ca. 300 atommasseenheder:;

d) nitriler, der er reprasenteret ved formlen R!CN, hvor R! er udvalgt fra alifatiske, alicykliske eller

arylcarbonhydridradikaler med fra 5 til 12 carbonatomer, og hvor nitrilerne har en molekylvaegt pa fra ca. 90

til ca. 200 atommasseenheder;

e) chlorcarboner, der er reprasenteret ved formlen RCly, hvor; x er 1 eller 2; R er udvalgt fra
alitatiske og alicykliske carbonhydridradikaler med fra 1 til 12 carbonatomer; og hvor chlorcarbonerne har

en molekylvagt pa fra ca. 100 til ca. 200 atommasseenheder;

f) arylethere, der er representeret ved formlen R'OR? hvor: R! er udvalgt fra
arylcarbonhydridradikaler med fra 6 til 12 carbonatomer; R* er udvalgt fra alifatiske carbonhydridradikaler
med fra 1 til 4 carbonatomer; og hvor aryletherne har en molekylvegt pa fra ca. 100 til ca. 150

atommasseenheder;

) 1,1,1-trifluoralkaner, der er representeret ved formlen CFsR!, hvor R! er udvalgt fra alifatiske og

alicykliske carbonhydridradikaler med fra ca. 5 til ca. 15 carbonatomer;

h) fluorethere, der er representeret ved formlen R'OCF,CF;H, hvor R! er udvalgt fra alifatiske og
alicykliske carbonhydridradikaler med fra ca. 5 til ca. 15 carbonatomer; eller hvor fluoretherne er atledt at
fluoroletiner og polyoler, hvor fluorolefinerne er af typen CF,=CXY, hvor X er hydrogen, chlor eller tluor,
og Y er chlor, fluor, CIFz eller OR;, hvor R; er CI;, C.Fs eller CslF7; og polyolerne er af typen
HOCH>CRR'(CH»),(CHOH)CH>(CH>OH)y, hvor R og R' er hydrogen, CH3 eller C2Hs, X er et heltal fra 0-4,

y er et heltal tra 0-3 og z er enten nul eller 1; og

1) lactoner, der er reprasenteret ved strukturerne [B], [C] og [D]:
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hvor R t1l og med Rg er uathaengigt udvalgt fra hydrogen, linexre, torgrenede, cykliske, bicykliske,
mattede og umettede hydrocarbylradikaler; og molekylvagten er fra ca. 100 til ca. 300 atommasseenheder;
08
j) estere, der er reprasenteret ved den almene formel R!CO;R?, hvor R! og R? er uafh&ngigt udvalgt

fra lineere og cykliske, mattede og umattede, alkyl- og arylradikaler; og hvor esterne har en molekylvagt

pa fra ca. 80 til ca. 550 atommasseenheder.

10. Sammens&tning 1fglge et hvilket som helst af kravene 1 til 9, der endvidere omfatter et
stabiliseringsmiddel, vandabsorberingsmiddel eller lugtmaskeringsmiddel, hvor stabiliseringsmidlet
fortrinsvis er udvalgt fra gruppen bestdende af nitromethan, hemmede phenoler, hydroxylaminer, thioler,

phosphitter og lactoner.

11. Sammens&tning 1fglge et hvilket som helst af kravene 1 til 10, der endvidere omfatter et sporstof,
der er udvalgt fra gruppen bestaende af hydrofluorcarboner, deutererede hydrocarboner, deutererede
hydrofluorcarboner, pertluorcarboner, tluorethere, bromerede forbindelser, 1oderede torbindelser, alkoholer,

aldehyder, ketoner, dinitrogenoxid (N.O) og kombinationer derat.

12. Sammens&tning ifglge et hvilket som helst af kravene 1 til 11, der endvidere omfatter mindst ét
ultraviolet fluorescerende farvestof, der er udvalgt fra gruppen bestiende af naphthalimider, perylener,
kumariner, anthracener, phenanthracener, xanthener, thioxanthener, naphthoxanthener, fluoresceiner,

derivater af tarvestottet og kombinationer deratf.

13. Fremgangsmade til frembringelse af kgling, hvilken fremgangsmade omfatter: fordampning af
sammensa&tningen ifglge et hvilket som helst af kravene 1 til 12 1 n&erheden af et legeme, der skal atkgles, og

derefter kondensering at sammensa&tningen.

14. Fremgangsmade til frembringelse af opvarmning, hvilken fremgangsmade omfatter: kondensering
at sammens&tningen ifglge et hvilket som helst af kravene 1 til 12 1 nerheden af et legeme, der skal opvarmes,

og derefter fordampning at sammens&tningen.

15. Fremgangsmade til detektering af sammensatningen ifglge krav 12 i en kompressionskgle- eller
luftkonditioneringsanordning, hvilken fremgangsmade omfatter tilvejebringelse af sammensa®tningen til
anordningen, og tilvejebringelse af et egnet middel til detektering at sammens@®tningen ved et lekagepunkt

eller 1 nerheden at anordningen.

16. Fremgangsmade til erstatning af et kglemiddel med et hgjt globalt opvarmningspotentiale i en kgle-
, luttkonditionerings- eller varmepumpeanordning, hvor kglemidlet med hgjt globalt opvarmningspotentiale
er udvalgt fra gruppen bestdende af R134a, R22, R123, R11, R245fa, R114, R236fa, R124, R12, R410A,
R407C, R417A, R422A, R507A, R502 og R404A, hvilken fremgangsmade omfatter tilvejebringelse af
sammens&tningen 1ifglge et hvilket som helst at kravene 1 til 12 til kgle-, luftkonditionerings- eller
varmepumpeanordningen, der anvender, anvendte eller er designet til at anvende kglemidlet med hgjt globalt

opvarmningspotentiale.

17. Kgle-, luttkonditionerings- eller varmepumpeanordning, der indeholder sammensa&tningen itglge et

hvilket som helst af kravene 1 t1l 12.
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