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15 FIELD OF THE INVENTION
This invention relates to compositions having utility in numerous applications,
including particularly refrigeration systems, and to methods and systems which
utilize such compositions. In preferred aspects, the present invention is directed to
refrigerant compositions which comprise at ieast one muiti-fluorinated olefin of the
20 present invention.

BACKGROUND OF THE INVENTION

Fiuorocarbon based fluids have found widespread use in many commercial
25 and industrial applications. For example, fluorocarbon based fluids are frequently
used as a working fluid in systems such as air conditioning, heat pump and
refrigeration applications. The vapor compression cycle is one of the most
commonly used type methods to accomplish cooling or heating in a refrigeration
system. The vapor compression cycle usually involves the phase change of the
30 refrigerant from the liquid to the vapor phase through heat absorption at a relatively
low pressure and then from the vapor to the liquid phase through heat removal at a
relatively low pressure and temperature, compressing the vapor to a relatively
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15 Concern has increased in recent years about potential damage to the earth’'s
atmosphere and climate, and certain chiorine-based compounds have been
identified as particularly problematic in this regard. The use of chlorine-containing
compositions (such as chlorofluorocarbons (CFC's), hydrochlorofluorocarbons
(HCF's) and the like) as refrigerants in air-conditioning and refrigeration systems has
20 become disfavored because of the ozone-depleting properties associated with many
of such compounds. There has thus been an increasing need for new fluorocarbon
and hydrofluorocarbon compounds and compositions that offer alternatives for
refrigeration and heat pump applications. For example, it has become desirable to
retrofit chlorine-containing refrigeration systems by replacing chlorine-containing
25 refrigerants with non-chlorine-containing refrigerant compounds that will not deplete
the ozone layer, such as hydrofiuorocarbons (HFC's).
itis generally considered important, however, that any potential substitute
refrigerant must also possess those properties present in many of the most widely
used fluids, such as excellent heat transfer properties, chemical stability, low- or no-
30 toxicity, non-flammability and lubricant compatibility, among others.
' Applicants have come to appreciate that lubricant compatibility is of particular

importance in many of applications. More particularly, it is highly desirably for
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15 thermodynamic performance or energy efficiency may have secondary
environmental impacts through increased fossil fuel usage arising from an increased
demand for electrical energy.

Furthermore, it is generally considered desirably for CFC refrigerant

substitutes to be effective without major engineering changes to conventional vapor
20 compression technology currently used with CFC refrigerants.

Flammability is another important property for many applications. Thatis, it is
considered either important or essential in many applications, including particularly in
heat transfer applications, to use compositions which are non-flammable. Thus, itis
frequently beneficial to use in such compositions compounds which are

25 nonflammable. As used herein, the term “nonflammable” refers to compounds or
compositions which are determined to be nonflammable as determined in
accordance with ASTM standard E-681, dated 2002, which is incorporated herein by
reference. Unfortunately, many HFC's which might otherwise be desirable for used
in refrigerant compositions are not nonflammable. For example, the fluoroalkane

30 difluoroethane (HFC-152a) and the fluoroalkene 1,1,1-trifluorpropene (HFO-1243zf)
are each flammable and therefore not viable for use in many applications.

Higher fluoroalkenes, that is fluorine-substituted alkenes having at least five
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Also, such compounds may have a boiling point which is too high to make them

15 useful as a refrigerant in certain applications.

Bromofluoromethane and bromochlorofluoromethane derivatives, particularly
bromotrifiuoromethane (Halon 1301) and bromochlorodifluoromethane (Halon 1211)
have gained widespread use as fire extinguishing agents in enclosed areas such as
airplane cabins and computer rooms. However, the use of various halons is being

20 phased out due to their high ozone depletion. Moreover, as halons are frequently
used in areas where humans are present, suitable replacements must also be safe
to humans at concentrations necessary to suppress or extinguish fire.

Applicants have thus come to appreciate a need for compositions, and
particularly heat transfer compositions, fire extinguishing/suppression compositions,

25 blowing agents, solvent compositions, and compatabilizing agents, that are
potentially useful in numerous applications, including vapor compression heating and
cooling systems and methods, while avoiding one or more of the disadvantages
noted above.
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15 THE COMPOSITIONS
The present invention is directed to compositions comprising at least one
fluoroalkene containing from 3 to 4 carbon atoms and at least one carbon-carbon
double bond. The fluoroalkene compounds of the present invention are sometimes
referred to herein for the purpose of convenience as hydrofluoro-olefins or "HFOs" if
20 they contain at least one hydrogen Although it is contemplated that the HFOs of the
president mentioned may contain two carbon -- carbon double bonds, such
compounds at the present time are not considered to be preferred.
As mentioned above, the present compositions comprise one or compounds
in accordance with Formula I. In preferred embodiments, the compositions include
25 compounds of Formula Il below:

(I

where each R is independently Cl, F, Br, | or H
30 R'is (CR2).Y,



conpounds having Formula | as follows: 5 XCF2R3_z (1) where Xis a C2 or a
C3 unsaturated, substituted or unsubstituted, alkyl radical, each Ris
i ndependently C, F, Br, | or H and z is 1 to 3. The present invention
provi des al swomédaaazand systens which utilize the 10 cermpEs2Di3iodss3s of t he
present invention, including nethods and systens for heat transfer, foam
bl ow ng, solvating, and aerosol generation. DETAI LED DESCRI PTI ON OF
PREFERRED EMBODI MENTS_ 15 THE COVPOSI TI ONS The present invention is directed
to conpositions coW@@th at | east one fluoroalkene containing from3 to 4
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i ndependent | y ifdentidn. Hwever,GpplitantPhdve sufprisirbly)and GneRpectedly found that
certain of the compounds having a structure in accordance with the formulas

10 described above exhibit a highly desirable low level of toxicity compared to other of
such compounds. As can be readily appreciated, this discovery is of potentially
enormous advantage and benefit for the formulation of not only refrigerant
compositions, but also any and all compositions which would otherwise contain
relatively toxic compounds satisfying the formulas described above. More

15 particularly, applicants believe that a relatively low toxicity level is associated with
compounds of Formula |l, preferably wherein Y is CF3, wherein at least one R on the
unsaturated terminal carbon is H, and at least one of the remaining Rs is F.
Applicants believe also that all structural, geometric and stereoisomers of such
compounds are effective and of beneficially low toxicity.

20 in highly preferred embodiments, especially embodiments which comprise the
low toxicity compounds described above, n is zero. Thus, in certain preferred
embodiments the compositions of the present invention comprise one or more
compounds selected from the group consisting of tetrafluoropropenes (HFO-1234),
pentafluoropropenes (HFO-1225) and combinations of these.

25 It is even more preferred that the compounds of the present invention are the
tetrafluoroprpoene and pentafluoropropene compounds in which the unsaturated
terminal carbon has not more than one F substituent, specifically: 1, 3, 3, 3-
tetrafluoropropene (HFO-1234ze); 2, 3, 3, 3-tetrafluoropropene (HFO-1234yf); and
1,2,3,3,3-pentafluoropropene (HFO-1225ye), and any and all stereoisomers of each

30 ofthese. Applicant has discovered that such compounds have a very low acute
toxicity level, as measured by inhalation exposure to mice and rats. On the other
hand, applicants have found that a relatively high degree of toxicity may be
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compounds of t & BRRS¥lcohPUERIY i8Ve8erBeli HU.S. Patent Nos. 2,889,379; 4,798,818 and
4,465,786, each of which is incorporated herein by reference. U.S. Patent No.

15 5,532,419, which is also incorporated herein by reference, discioses a vapor phase
catalytic process for the preparation of fluoroalkene using a chloro- or bromo-
halofluorocarbon and HF. EP 974,571, also incorporated herein by reference,
discloses the preparation of 1,1,1,3-tetrafluoropropene by contacting 1,1,1,3,3-
pentafluoropropane (HF C-245fa) in the vapor phase with a chromium-based catalyst

20 atelevated temperature, or in the liquid phase with an alcoholic solution of KOH,
NaOH, Ca(OH)2 or Mg(OH).. In addition, methods for producing compounds in
accordance with the present invention are described generally in connection with
concurrently filed United States Patent Application entitied “Process for Producing
Fluorpropenes” bearing attorney docket number (H0003789 (26267)), which is also

25 incorporated herein by reference.

The present compositions are believed to possess properties that are
advantageous for a number of important reasons. For example, applicants believe,
based at least in part on mathematical modeling, that the fluoroolefins of the present
invention will not have a substantial negative affect on atmospheric chemistry, being

30 negligible contributors to ozone depletion in comparison to some other halogenated
species. The preferred compositions of the present invention thus have the
advantage of not contributing substantially to ozone depletion. The preferred
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HEAT TRANSFER COMPOSITIONS
Although it is contemplated that the compositions of the present invention may
include the compounds of the present invention in widely ranging amounts, it is
20 generally preferred that refrigerant compositions of the present invention comprise
compound(s) in accordance with Formula |, and even more preferably Formula Il, in
an amount that is at least about 50% by weight, and even more preferably at least
about 70 % by weight, of the composition.
The compositions of the present invention may include other components for
25 the purpose of enhancing or providing certain functionality to the composition, or in
some cases to reduce the cost of the composition. For example, refrigerant
compositions according to the present invention, especially those used in vapor
compression systems, include a lubricant, generally in amounts of from about 30 to
about 50 percent by weight of the composition. Furthermore, the present
30 compositions may also include a compatibilzer, such as propane, for the purpose of
aiding compatibility and/or solubility of the lubricant. Such compatibilizers, including
propane, butanes and pentanes, are preferably present in amounts of from about 0.5



di scl oses the preparation of 1,1,1,3-tetrafl uoropropene by contacting

1,1,1, 3,3- pentafluoropropane (HFC- 245fa) in the vapor phase with a

chrom um based catal yst 20 at el evated tenperature, or in the liquid phase
with an al cé"ﬁbm"ﬂo@%}%ution of KOH, NaOH, Ca(OH)2 or My(BF§/BS20pH0338Tdi t i on,
met hods for produci ng conpounds in accordance with the present invention
are described generally in connection with concurrently filed United States
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advant age of repigeeatEdrmpsitiong ofthe present ialentioho ozone depl etlon The
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which 1s i nCaogreﬁgsrer\i tac(gt(:jordance with txe presentefnventlon compound(s) in accordance with

15 Formula |, and even more preferably Formula |l, are present in an amount that is at
least about 5 % by weight, and even more preferably at least about 15 % by weight,
of the composition.

In other embodiments, the invention provides foamable compositions, and
preferably polyurethane, polyisocyanurate and extruded thermoplastic foam

20 compositions, prepared using the compositions of the present invention. (n such
foam embodiments, one or more of the present compositions are included as or part
of a blowing agent in a foamable composition, which composition preferably includes
one or more additional components capable of reacting and/or foaming under the
proper conditions to form a foam or cellular structure, as is well known in the art.

25 The invention also relates to foam, and preferably closed cell foam, prepared from a
polymer foam formulation containing a blowing agent comprising the compositions of
the invention. In yet another embodiments, the invention provides a foamable
composition comprising thermoplastic foams, such as polystyrene and polyethylene
(PE), preferably low density PE.

30 In certain preferred embodiments, dispersing agents, cell stabilizers,
surfactants and other additives may also be incorporated into the blowing agent
compositions of the present invention. Surfactants are optionally but preferably



10 The present conpositions also preferably have an Ozone Depl etion
Potential (ODP) of not greater than 0.05, nore preferably not greater than
0.02 and even nore preferably about zero. As used herein, "ODP" is as
defined in "Woeodos®ntific Assessnent of Ozone Depl et i o®CTABOW3/0N8T4eport of
the Wrld Meteorol ogi cal Association's dobal Ozone Research and Mnitoring
Project,” which is incorporated 15 herein by reference. HEAT TRANSFER
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conposi tions may also i'nclude a conpati bil zer, such as propane, for the

pur pose ofl0 ai di ng conpatibility and/or sol ub| lity of the lubricant. Such

conpatibilizers, i prp@LmngmeQnganes and pentanes, are preferably
present in anmounts of fromabout 0.5 8 WD 2004/037913 PCT/ US2003/ 033874 to
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propellant composition preferably being a sprayable composition. The propellant
15 compositions of the present invention preferably comprise a material to be sprayed
and a propellant comprising, consisting essentially of, or consisting of a composition
in accordance with the present invention. Inert ingredients, solvents, and other
materials may also be present in the sprayable mixture. Preferably, the sprayable
composition is an aerosol. Suitable materials to be sprayed include, without
20 limitation, cosmetic materials such as deodorants, perfumes, hair sprays, cleansers,
and polishing agents as well as medicinal materials such as anti-asthma and anti-

halitosis medications.

METHODS AND SYSTEMS

25 The compositions of the present invention are useful in connection with
numerous methods and systems, including as heat transfer fluids in methods and
systems for transferring heat, such as refrigerants used in refrigeration, air
conditioning and heat pump systems. The present compositions are also
advantageous for in use in systems and methods of generating aerosols, preferably

30 comprising or consisting of the aerosol propellant in such systems and methods.
Methods of forming foams and methods of extinguishing and suppressing fire are
also included in certain aspects of the present invention. The present invention also

10



solubility, as disclosed by U S. Patent No. 6,516,837, the disclosure of
which is incorporated by reference. Conmmonly used refrigeration |ubricants
such as Polyol 5 Esters (PCEs) and Poly Al kylene A ycols (PAGs) that are
used in ref rvgepMMBYA3 nachi nery with hydrofl uorocarbon (RGIAJS2PB03I8Fer ant s
may be used with the refrigerant conpositions of the present invention.
BLOW NG AGENTS, FOAMS AND FOAVABLE COWPOSI TI ONS 10 Bl owi ng agents may al so

conprise or constjtute one or r e_pr.esent LLLONs..
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as or part ow 'r‘]m a ?gimg %{’ t}lfe [o30) sition, E%gi ctr)]p orr?)oleon
preferably i nmeaboé)é prg)\ﬂgeg% %P&aa 'W EB% '°6’bﬂﬂ@ﬁé’ﬁ?§'°@a8 T8 5$yr eacting
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structure, as.is

V\F tg nventl .on Be' ates to
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pol yet hyl ene réiitively d1ewited priebsure.oGererany, the $tp of compressing the vapor results in
15 the addition of heat to the vapor, thus causing an increase in the temperature of the
relatively high pressure vapor. Preferrably, the present methods include removing
from this relatively high temperature, high pressure vapor at least a portion of the
heat added by the evaporation and compression steps. The heat removal step
preferably includes condensing the high temperature, high pressure vapor while the
20 vaporis in arelatively high pressure condition to produce a relatively high pressure
liquid comprising a composition of the present invention. This relatively high
pressure liquid preferably then undergoes a nominally isoenthalpic reduction in
pressure to produce a relatively low temperature, low pressure liquid. In such
embodiments, it is this reduced temperature refrigerant liquid which is then vaporized
25 by heat transferred from the body or fluid to be cooled.

In another process embodiment of the invention, the compositions of the
invention may be used in a method for producing heating which comprises
condensing a refrigerant comprising the compositions in the vicinity of a liquid or
body to be heated.. Such methods, as mentioned hereinbefore, frequently are

30 reverse cycles to the refrigeration cycle described above.

FOAM BLOWING METHODS

1



30 In certain preferred enbodi nents, dispersing agents, cell stabilizers,
surfactants and ot her additives may al so be incorporated into the bl ow ng
agent conpositions of the present Invention. Surfactants are optionally but
preferably woo@a®Wip37913 PCT/ US2003/ 033874 added to FEAVES2803/083814
stabilizers. Some representative materials are sold under the nanes of

DC- 193, B-8404, and L-5340 which are, generally, polysiloxane
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an aerosol. Suitable naterials to be s d i nc without 20 limtation,
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anti - compositions, and other materials such as catalysts, surfactants, and optionally,

15 flame retardants, colorants, or other additives.

Itis convenient in many applications to provide the components for
polyurethane or polyisocyanurate foams in pre-blended formulations. Most typically,
the foam formulation is pre-blended into two components. The isocyanate and
optionally certain surfactants and blowing agents comprise the first component,

20 commonly referred to as the “A” component. The polyol or polyol mixture, surfactant,
catalysts, blowing agents, flame retardant, and other isocyanate reactive
components comprise the second component, commonly referred to as the “B”
component. Accordingly, polyurethane or polyisocyanurate foams are readily
prepared by bringing together the A and B side components either by hand mix for

25 small preparations and, preferably, machine mix technigues to form blocks, siabs,
laminates, pour-in-place panels and other items, spray applied foams, froths, and the
like. Optionally, other ingredients such as fire retardants, colorants, auxiliary blowing
agents, and even other polyols can be added as a third stream to the mix head or
reaction site. Most preferably, however, they are all incorporated into one

30 B-component as described above.

Itis also possible to produce thermoplastic foams using the compositions of
the invention. For example, conventional polystyrene and polyethylene formulations

12



hal i tosi s nmedi cati ons. METHODS AND SYSTEMS 25 The conpositions of the
present invention are useful in connection with nunmerous nethods and
systens, including as heat transfer fluids in methods and systens for
transferri ngvVl@ewo3®iich as refrigerants used in refri ger CTAI§2003/033874

condi tioning and heat punp systens. The present conpositions are al so
advant ageous for in use in systens and net hods of generating aerosols,

preferably 30mﬁﬂBErcbﬁ\bﬁﬁdQﬁithQﬁ@&mesm@n@fn 4 benvaatierab naph @M lprdilite rigidsuch
systens and ngthods. Methods of form ng foans and net hods of extingui shing
and suppressrﬁ’@"\si re are also included in certain aspects of the present
I nvention. The present invention also 10 WO 2004/ 037913 PCT/ US2003/ 033874

provides in certain as t t renoving residue fromarticles in

whi ch the present congggm"gﬁﬁgﬂioﬁéed as solvent conpositions in such

net Eogs ang slylst m.prssdrﬁmveﬁmg&éaiﬁo%ﬁﬁﬁasoa@_ef rpm?mgﬁsedtahﬁwnw fignst er
and causing heRTOUE BBR(OIENaTY Supstaleop” TDGIer A orRsten PEIROLhngi ng t ho
phase of the meﬁ?tdth@@rtid@é cEnpoamion. of thecpraser Miventioie tHyp e pUrnsvsed @f Cool i ng
by absorbing heat froma fl ui evaporating the

present refri GUNVAENER HREM |g"ﬂ8'rﬁn%tr"‘%|%g b?erélnr% t? éfgfr)ﬂ%balcu%l?é'g%Bflf&”B‘F' i d to be
cool ed to progsiisoneArs) ulseliigsi, ahdthelike aid RIaMHer remmaith irgfer toRnGfsaradd y t he
e A O R AU RO TLE = A A K T
present conpogmwaried Matedial 6dubbianied preértt \vattieslamitiesevenaf suchabgthhosist he step
Chus chust ng. Baceter Becuidis mensonal, Bpnerute m hdnanractiis of © 1€ VAP0
semiconductor devices it is common to deposit a photoresist material onto a
substrate to form a mask for the etching operation and to subsequently remove the
16  photoresist material from the substrate. The term "contaminant" as used herein is
intended to cover and encompass such a photo resist material.
Preferred methods of the present invention comprise applying the present
composition to the article, with vapor degreasing and solvent cleaning methods
being particularly preferred for certain applications, especially those intricate parts
20 and difficult to remove soils. Preferred vapor degreasing and solvent cleaning
methods consist of exposing an article, preferably at room-temperature, to the
vapors of a boiling solvent. Vapors condensing on the object have the advantage of
providing a relatively clean, distilled solvent to wash away grease or other
contamination. Such processes thus have an additional advantage in that final
25 evaporation of the present solvent composition from the object ieaves behind
relatively little residue as compared to the case where the object is simply washed in
liquid solvent.
For applications in which the article includes contaminants that are difficult to
remove, it is preferred that the present methods involve raising the temperature of
30 the solvent composition of the present invention above ambient or to any other
temperature that is effective in such application to substantially improve the cleaning
action of the solvent. Such processes are also generally preferred for large volume
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relatively high pressure vapor. Preferrably, the present nethods include
renmoving fromthis relatively high tenperature, high pressure vapor at

| east a portion of the heat added by the evaporation and conpression steps.
The heat rendSVRAFOEPEBI3 preferably includes condensi ng t he PATEN20080838Mat ur e,
hi gh pressure vapor while the 20 vapor is in a relatively high pressure
condition to produce a relatively high pressure Iliquid conprising a
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condensing a refrigerant conprising the conpositions in the vicinity of a
liquid or bo8ychepertionsdhis$iep praterabheiemoyes a gubsiantial amednthand-evepaneree,

frequently ar ki | hhed above.
oA BLON NG, HE T T P e o e Bl e B et of

the present i tearprefereblydpliawed bydmmersiogithesmidainsolygnt, oeaterablii@sply ef er abl y
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providing a bl ow ng agent conposition of the present inventions, adding
(directly18r inthe pease g immersinnostemPreferanly at ghgH gmbiiest of om ﬂeﬂ'ﬁ’ﬁﬁﬁi‘l‘f_é- 5
conposition, #H&'Pfe?é’r%d tﬂ&hb@@al%??iéﬁﬂb%&ﬁ@%ﬁh&h eontHEHR thé Fﬁicfé%ﬂ' tions
effective to forma foamor cellular structure, as 1s well known in the
art. Any of t Falatiyelyhetivarqsiof thejpiesant selvantgorapasition, preferably Ry g¥pasingdthe bed i n

Fflo'sé’ﬁr Etlggg‘,aﬁﬁti(%g%@}/g@i vgggrs s%ﬁ@m fR@hotboffHg 4Bt asidiatdd witAHB AR} S and
mentioned immersion step. This preferably results in condensation of the solvent
15  vapor on the article. In certain preferred embodiments, the article may be sprayed
with distilled solvent before final rinsing.
itis contemplated that numerous varieties and types of vapor degreasing
- equipment are adaptable for use in connection with the present methods. One
example of such equipment and its operation is disclosed by Sherliker et al. in U.S.
20 Pat. No. 3,085,918, which is incorporated herein by reference. The equipment
disclosed in Sherliker et al includes a boiling sump for containing a solvent
composition, a clean sump for containing distilled solvent, a water separator, and
other ancillary equipment.
The present cleaning methods may also comprise cold cleaning in which the
25 contaminated article is either immersed in the fluid composition of the present
invention under ambient or room temperature conditions or wiped under such
conditions with rags or similar objects soaked in solvents.

30 FLAMMABILITY REDUCTION METHODS

According to certain other preferred embodiments, the present invention
provides methods for reducing the flammability of fluids, said methods comprising .
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New York, NY, which is incorporated herein by reference, may be used or
adapted 10 for use in accordance with the foam enbodi nents of the present
invention. In general, such preferred methods conprise preparing
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on the degree to which the subject fluid is flammable and the degree to which it is

desired to reduce the flammability thereof. in certain preferred embodiments, the

15 amount of compound or composition added to the flammable fluid is effective to

render the resulting fluid substantially non-flammable.

FLAME SUPPRESSION METHODS

The present invention further provides methods of suppressing a flame, said
20 methods comprising contacting a flame with a fluid comprising a compound or
composition of the present invention. Any suitable methods for contacting the flame
with the present composition may be used. For example, a composition of the
present invention may be sprayed, poured, and the like onto the flame, or at least a
portion of the flame may be immersed in the composition. In light of the teachings
25 herein, those of skill in the art will be readily able to adapt a variety of conventional
apparatus and methods of flame suppression for use in the present invention.

STERILIZATION METHODS
Many articles, devices and materials, particularly for use in the medical field,
30 must be sterilized prior to use for the health and safety reasons, such as the health

15



may be conbined with the conpositions in a conventional manner to produce
rigid foanms. CLEANI NG METHODS 5 The present invention al so provides nethods
of renoving containnents from a product, part, conponent, substrate, or any
ot her articl WOR004M37%13on t hereof by applying to the artiRIEBURIBHRF3EI ti on
of the present invention. For the purposes of convenience, the term
"article" is used herein to refer to all such products, parts, conponents,
substrates, ﬁrwhdtsfbtet)} éﬂmrt]iemd and hbun;}ita)hetaff.i mhep«éselnttimanﬁmprdvinleamectirmnlsfoace ]}0
or portion thereof.. Furthernor t term "contamnant”. is.intended to refer
Loy unvencisiiae EPRNSHs Bauidie ks SRPLETb RRteral B e BT < iich
substance i s gdonpadndor témpasitionadfehd presert inveatidny .Suchmethadsahay be eitHene

manuf act ure of devi ces mmon. t o deposi.t a photoresi st

. .sem conduct or it.ig C
mat eri al ontohétgh %'T%‘%'??’B?eéa{')‘(ie ?tSF"fﬁa °?r@§$£’°?%r9‘t%é‘a'é‘ted’ilﬁ g"%’BéH}AQ"P on and to
subsequent 15y rtemperaturé stetifizatibn tompssestexpadirgy thalarticlesndéviee sruhaterialttebe The term
"contam nant" as..used herein is intended to cover and epnconpass,such a
phot o resi st ‘?r}gﬁ‘gﬁo.a rl!?t E’rcrongr'ﬁlé‘f’ﬁoc@?p8f'"q ﬂ'é°°;5'?pé’§ P o?ﬁ\?ﬁ?sre&t. conpri se
aplol ying Ithe RRvaEhEor atagtyms;tnﬂvem éﬂmietzelrwrttd» e?omvgﬁ\c@méraﬂl?measi ng and
sol vent cl eani ng net hods ejn articul ar referred for certai
appl i cati ons, sé’gf)téﬁtfagy F?a'Paﬁé%'gP trﬁ“@&f@eﬁ%gﬁrgbezﬁorﬁﬂﬂteai”lsf'?@di‘ {eng‘qnem)ve
soils. Pr eferr?dutl@wfs.dgewegfri, w?aamcﬁe,lwenbsgltaewbmles taﬁa lRrRd@icaoNSI fst of
exposing an article, preferably at, room erature, to the vapors of a
ot 11 ng_s it erfomPeasnsh.canant ety syah Nih Wstpesatures and e mdreciay Anag At
provi di ng a r &ltsdlipatehy cl ean, distilled solvent to wash away grease or other
contam nation. Such processes thus have an additional advantage in that

final 25 evaporati pgydmpdtaturs SRAIFatiSPbMRE bresERMARENtibR hvbhestHeRedphECt
| eaves behind relatively li1ttle residue as conpared to the case where the

obj ect is si NP PRERH ECAMPOSjtion @f thersesanhinvention at a temperature of from about
100 to about 200°F. The compounds of the present invention may be combined with

15  other common chemical sterilants, including, for example, ethylene oxide (EO),
formaldehyde, hydrogen peroxide, chlorine dioxide, and ozone to form a sterilant
composition of the present invention.

The low-temperature sterilization of the present invention is preferably at least

a two-step process performed in a substantially sealed, preferably air tight, chamber.

20 Inthe first step (the sterilization step), the articles having been cleaned and wrapped
in gas permeable bags are placed in the chamber. Airis then evacuated from the |
chamber by pulling a vacuum and perhaps by displacing the air with steam. In
certain embodiments, it is preferabie to inject steam into the chamber to achieve a
relative humidity that ranges preferably from about 30% to about 70%. Such

25 humidities may maximize the sterilizing effectiveness of the sterilant which is
introduced into the chamber after the desired relative humidity is achieved. After a
period of time sufficient for the sterilant to permeate the wrapping and reach the
interstices of the article, the sterilant and steam are evacuated from the chamber.

In the preferred second step of the process (the aeration step), the articles are
30 aerated to remove sterilant residues. Removing such residues is particularly
important in the case of toxic sterilants, although it is optional in those cases in which

16



For applications in which the article includes contam nants that are
difficult to renove, it is preferred that the present nethods invol ve
raising the tenperature of 30 the solvent conposition of the present

i nventi on ab&N@2@##78¥t or to any ot her tenperature that PET/ERi0ee3387@ in
such application to substantially inprove the cleaning action of the

sol vent. Such processes are also generally preferred for large volune 13 WO

2004/ 037913 P(é Wﬁéﬁ&?ﬁ&mnc&%ﬁ%‘ahd’s dfltﬁ@preeémweﬁraw HYaelsBd ! hﬁ; iela:eam ng

of the article, particularly nmetal parts and assenblies, nust be done
efficiently arﬁ?@fl&’ﬂcﬂ@%’?ss%ﬁ"ﬁ#é‘? éFN@éh%ﬁ%i"H%‘Fﬁ aeraione ap azameiatien elods of

the present | g Rid Ofh of WERK is<g0AENBICEL Alrid LaualY dchihisto cDRualifPRET 11

liquid solvent at an el evat enper at ure even nore Rre erably

about the boi |ShaEbeoiona rejativeishast Resiad. for exampie; H 2 AHaytas. andsthen ﬁngdlﬁv‘!pr
pref er abl y g ergiaatfiodhaAs b ot FRNBH intoARe RatfBer T cyBleqd RipBBHcH afy o) or

portion, of the target contam nant omthe article. Thi's step

preferably folMueelobimesvrti hedesirpd remavatefstariand is achiaved pp@f"éﬂUQb? y fr eshl y
distilled sol Vé%‘?étlon"tﬁléé”ﬂy'nﬁ/oﬁfes%ﬁo@[r&ﬁé air Hfr&JdﬂeJrPiWei Qleorieeéﬁl%ﬁﬁé’&ﬁanﬁﬁert he

liquid solvent 10 in the” preceding innmersion step referably at about

anbi ent or ro@ﬂdttb?m@ﬁamflﬂrlbom thneugipae peliat ea theeatherridespfdbe F'ﬁﬁﬂ“?ﬁ!@yt he step of
then contactingy MF% é‘élfghf&é‘cuﬂtntth thd Stht | P’r‘éSNer{QQtthé! P45 ;%aéﬂb% esent

sol vent conpositi preferab exposin artlc e to solvent vapors
rising fro t Heorinedb dior BX@”'B'QJ@é@mmag§WP&Q@GVWQWQWW@3&W3&’F§&?DQ)ned

I mrer si on Steﬁheﬂ_ghﬁer%h@ﬁ 6%?5)' y results in condensation of the solvent 15
vapor on the article. certain preferred enbodi nents, the article my be
sprayed wth distill ed soI vent before final rinsing. It is contenplated
that nunmerous varieties and types of vapor degreasing equipnment are

adapt abl e for use egappiEgstion with the present nmethods. One exanple of
such equi pnent and 1ts operation is disclosed by Sherliker at al. in U S

The following examples are provided for the purpose of illustrating the present
15 invention but without limiting the scope thereof.

EXAMPLE 1
The coefficient of performance (COP) is a universally accepted measure of

refrigerant performance, especially useful in representing the relative thermodynamic

20 efficiency of a refrigerant in a specific heating or cooling cycle invoiving evaporation
or condensation of the refrigerant. In refrigeration engineering, this term expresses
the ratio of useful refrigeration to the energy applied by the compressor in
compressing the vapor. The capacity of a refrigerant represents the amount of
cooling or heating it provides and provides some measure of the capability of a

25 compressor to pump quantities of heat for a given volumetric flow rate of refrigerant.
In other words, given a specific compressor, a refrigerant with a higher capacity will
deliver more cooling or heating power. One means for estimating COP of a
refrigerant at specific operating conditions is from the thermodynamic properties of
the refrigerant using standard refrigeration cycle analysis technigues (see for

30 example, R.C. Downing, FLUOROCARBON REFRIGERANTS HANDBOOK,
Chapter 3, Prentice-Hall, 1988).
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20 Pat. No. 3,085,918, which is incorporated herein by reference. The
equi pnent disclosed in Sherliker at al includes a boiling sunp for
containing a solvent conposition, a clean sunp for containing distilled
sol vent, a Wa0ee049899txr at or, and other ancillary equi pmre®CT/UBKE3/PPEHent
cl eaning met hods may al so conprise cold cleaning in which the 25
contam nated article is either imersed in the fluid conposition of the
present i nvent i onAuefdgeratiorbiairconditioninmeyclecsystenuis previdashwihere drescandensgsed

under such c LI . W ] I ts. 30
FLAMVABI LI TY %@S@éﬂ&ﬁﬁﬁgﬁé}'ﬁ %Sb%t@%ﬁﬁﬁwiét)ﬁéﬁgue BoF unRP
trioaninally isentropic gempiession Mtbaidawressomnl@stemeratgmm |abguttaﬁJéF

enbodi nent s,
4ts%e%%wunge?j' dr %Pa‘?égmg s OF 13 prés%n\{? %&%‘H &ef 3

flammability
PCT/ US2003/ 03 oun rcomposition o resen |nvent|on

to said fl§ d.comtiensef ampratwempenammw mbomedam;f abte lebehvd@asemwnof
ot herw se flarmg@ ' t
i nvention. For exarrp4 Mv"&ri 6?J?ﬁamm $f %g%gég%tgﬁlgﬂ[ugg)fb\j%O dﬁ?la%%@%&ech as

et hyl ene oxi ddempératunmbl ¥SH\dr of | uor ocar bons and 5 hydrocarbons, i ncl udi ng:
HFC- 152a, 1,1, 1-trifluoroethane (HFC 14§Ré! gdi fl uor omet hane (HFC-32)

pr opane, hexane octane, and the like c reduced according to the
present inventi 7 t he purposes of the present invention, a flammable
fluid my be & A ;Réllaﬁ@ pRnabl | 1 t yRelativges | h aDISCHARGRSUf ed
via any standg | test nmethod] SWCAPAGITASTM EFENMIPERATUREhE |1 ke.
10 Any suit ablf he present cofrpounds or com005| ti pn; may pe
added to redug of—&a bLUI d a,L,UiLCH—Ol to—tr Pt—es e ti on.
depend, at | ed&is . ' ' 189 uid | s
fl ammabl e and |+ 88 [whi chlid8 0.36 199
0.98 1.10 168
10
This example shows that certain of the preferred compounds for use with the
present compositions each have a better energy efficiency than HFC-134a (1.02,
1.04 and 1.13 compared to 1.00) and the compressor using the present refrigerant
compositions will produce discharge temperatures (158, 165 and 155 compared to
15 175), which is advantageous since such result will likely leading to reduced
maintenance problems.
EXAMPLE 2
The miscibility of HFO-1225ye and HFO-1234ze with various refrigeration
20 lubricants is tested. The lubricants tested are mineral oil (C3), alkyl benzene (Zerol
150), ester oil (Mobil EAL 22 cc and Solest 120), polyalkylene glycol (PAG) oil
(Goodwrench Refrigeration Oil for 134a systems), and a poly(alpha-olefin) oil (CP-
6005-100). For each refrigerant/oil combination, three compositions are tested,
namely 5, 20 and 50 weight percent of lubricant, with the balance of each being the
25 compound of the present invention being tested

The lubricant compositions are placed in heavy-walled glass tubes. The tubes
are evacuated, the refrigerant compound in accordance with the present invention is
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desired to reduce the flanmability thereof. In certain preferred

enbodi nents, the 15 anount of conpound or conposition added to the flanmabl e
fluid is effective to render the resulting fluid substantially

non- f | anmabl| WO 26ANB1BUPPRESSI ON METHODS The present i nv@&IiU$a0080338Her

provi des net hods of suppressing a flame, said 20 nmethods conprising
contacting a flane with a fluid conprising a conpound or conposition of the

present inventddaed, aVathé tiibed Bl thBR 688166 Thetutsedtiré eHenait intean birBBth Wi th the
present conpositjon

may be used. For exanple, . a conposition of the present
P venti on ey BUEEETHEhapber e oRe B of FRich 5000 MO SohE-508s e 7l cact a
portion of theroPCameraalily1€°C M@vaie dvisual isenebioRNoof the (ube doRtdntsddte nitfdet he
t eachi ngs 25 ' ose, of skill .in.t readi |y able tpo adapt

er(sln,, h ne ar&vvill bﬁ )

a variety of d8nD8SHisisRge of apsmergliaud ghasasy dya case v %ﬁé“%rﬁﬁ%?”e% {419 or
use in the sprgmasé is dbseived the mixiiieR kdpéAdd (IbeMmhtikENsie Mimy cage Wheredherd@vi ces
and materials, particularly for use in the pedical, field, . 30 nust be
sterilized pri%yy ong liauid phase pheerved, themixtye s{paoredtabedyscible, imthase  he
heal th 15 WD cig@¢twReré s lifilid phEstalnere 3BSeved, BUCWITPORS of tRd liqad pRaves and
hospital staff. The cr”ﬁsent I nventi on provjdes, net ho%;p%;d) sterilizing

conpri si ng corfCaERY 8 vary gmallyolume, e fpixtuse is rapete arfially misqnlg. 7 o g

With a conmpound oThe poRaIRyIERSGlyEd| ahl @steF GiFiGBicaniVedreij@iged $6166 Mgt ms nay
be either ure steri zr%tlon net h

hi or. | ow t enper at [ i ods.. I n certain
o podi mentd " THl48Sted BipnaRs Byer 165 enirs IomneralieTanan, cce! thas deti HEbe
articles, deviesps midires with pbRalkflens §i9td! | the Petrigepart nigfurd Waé fouR@tdbé Si ng a

conmpound or caonposition of the Present i NV %i on e;& a tenpperature of from
abolt 250F t o IEBULHDIO PYRE he,lesineratireange of ~5aitha ANE ANJo BRI MskBIE  The

process can bepepfiheled 56°0a It B0 waighepércértabBneeniation of the PG inlremgarant sone
articles, such as plastic articles and el ectrical ) o
and at 60°, the refrigerant/PAG mixture was miscible. At 70°C, it was miscible from 5

15  weight percent lubricant in refrigerant to 50 weight percent lubricant in refrigerant.

EXAMPLE 3
The compatibility of the refrigerant compounds and compositions of the
present invention with PAG lubricating oils while in contact with metals used in
20 refrigeration and air conditioning systems is tested at 350° C, representing conditions
much more severe than are found in many refrigeration and air conditioning
applications.
Aluminum, copper and steel coupons are added to heavy walled glass tubes.
Two grams of oil are added to the tubes. The tubes are then evacuated and one
25 gram of refrigerant is added. The tubes are put into an oven at 350°F for one week
and visual observations are made. At the end of the exposure period, the tubes are
removed.
This procedure was done for the following combinations of oil and the
compound of the present invention:
30 a) HFC-1234ze and GM Goodwrench PAG oil
b) HFC1243 zf and GM Goodwrench oil PAG oil
) HFC-1234ze and MOPAR-56 PAG oil
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10 conponents, cannot w thstand such high tenperatures and require

| ow-tenperature sterilization. Lowtenperature sterilization of the present
i nvention involves the use of a conmpound or conposition of the present

i nventi on atwe200eM3metiat ure of from about 100 to about 2@OE/USTHIBBHpounds
of the present invention maybe conmbined with 15 ot her common chem cal
sterilants, including, for exanple, ethylene oxide (EQ, fornaldehyde,

hydr ogen per oxi d:B, cHF@iMaﬂho&N@A&ﬁdP@Mb to forma steril ant

conposition of t ;ﬁ%e V&R T tenperature sterilization of
the present inve t| o] ﬁ&%@er ab éﬁ #éePAéC?WIa t wo-step process perforned
in a substantial | yinsaliadases, ttp:areisemmbhgl chamgei ig the appeardnee of the@ohtentsiod tHe r st

Tn Gas. per mealts- SRS RaL b FriBhRhCobol e S b fRER BE e BRetl, T F o
t he chanbér liyveptior anegstablesincaontactwith slamivays steel ahdsq:ﬂp@er fognd irerefrigeration h

st eam cer e ILhegt to the
chanber to ach g\?@ cgﬂyﬁ&} é{f%?e%é tanH?qe?t@?%sa#m a&e'lg é)frgetﬁ 22 % 'V%fntoob% about
30% t o about TrirdudeBunr Buctcompuositions ersusedwimyabmrbmepdshtmnsnremelse hipes of

effecti venesséﬁéf;nge sterilant which is introduced into the chanber after

the desired r Ive humdity is achieved. After a period of tine
sufficient for the sterilant to perneate the wapping and reach the

interstic of the arti 'll@;l and steam are evacuated fromthe
chanber . Ie@ the prefer r&ﬁgégﬁ&\?%ﬁgé tEt he process (the aeration step),
the articles are Almirumtoedpérandestert eouioas ateaddedds adeasy whiEtnglassgubelc h

al though i1 1 iR pod CRGElz Mol o oo s ST AT EE SR S

PCT/ US2003/ 033!&7énd ofithe sxm:suamemuj the ubve-is cemaved@nyd visudsobskervaliengares ent

nvent i on ar e eedr DYl AR AL B DEPR R Hadd 1ol hbre 8 30Re

conti nuous ae
15 decomposition of the contents of the tube.

CFC-12 and mineral oil have heretofore been the combination of choice in
many refrigerant systems and methods. Thus, the refrigerant compounds and
compositions of the present invention possess significantly better stability with many
commonly used lubricating oils than the widely-used prior art refrigerant-lubricating

20 oil combination.
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the two. An air wash is a batch process and usually conprises evacuating the
chanber for a relatively short period, for exanple, 12 m nutes, and then
introducing 5 air at atnospheric pressure or higher into the chanber. This
cycle is repeated any nunber of tinmes until the desired renoval of
sterilant is achieved. Continuous aeration typically involves introducing
air through an inlet at one side of the chanber and then drawing it out

t hrough an outlet on the other side of the chanber by applying a slight
vacuum to YypgagYs! &t Aiepysnt! y, the two approaches are 10 conbi ned. For
exanpl e, a-conmom approactr T nvol ves performng air washes and then an
aeration cycle. EXAMPLES The foll owi ng exanples are provided for the

e T e R

uni versal | y accepgpfsimgasure of refrigerant performance, especially useful
in representing the relative thernodynamc 20 efficiency of a refrigerant

in a specific héat ahdeast alauti Bochy|weight, of vi.ihg . 2teifedluatorsppene doh@ensat i on
of the refriger refrigeration, engineering, .this termexpresses the
ratio of useful q?éﬂf} agwﬁbinggsﬂbg{aﬂﬁg' %%@%é@g‘élbng%d by the conpressor in
conpr essi ng t he (jagdeastldife pélpfmk)ilélné)gly@olrIQbﬁ(té]ﬂﬁﬁﬂﬁe fRRT 658 homdpagnasrount

of <cooling or heating it provides and provi des sonme neasure of the

capabi | ity of aOR%0 85 §BRSIsNg ahB QuUARIS OXERIOPYIERBATONBY aadghang a
volumetric fl OWV;s%ag%f ﬁ'%.re{b%ﬁf i’g&o ﬁb&ﬂ z‘bto*k‘”ernti%&gﬁ at anﬁ%ﬁcﬁ pecific
rrgerant with a hi t I ell

conpressor, a re gher capacity w ver nore cooling
or heating power. One neans for estimating COP of a refrigerant at specific

operatin onditions is fromihe. ther npdynanj roperties of.
e P er o uai Thesomes ioh f Pt ok ag B alobabiirune, Pl LaBP) ee 1 or
30 exanple, R Cnopgmité}qhaﬁlaggﬁ%BO\l REFRI GERANTS HANDBOCK,

3. The heat transfer composition of claim 1 further comprising at least one

compatabilizer.

4. The heat transfer composition of claim 1 wherein said lubricant is

present in an amount of at least about 30% by weight.

5. The composition of claim 1 wherein said lubricant is present in an

amount of about 5% by weight of the composition.

6. The composition of claim 1 wherein said lubricant is present in an

amount of about 20% by weight of the composition.

7. The composition of claim 1 wherein said lubricant is present in an

amount of about 50% by weight of the composition.

8. The composition of claim 1 wherein said composition is non-flammabile.
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Chapter 3, Prentice-Hall, 1988). 17 WD 2004/ 037913 PCTI US2003/ 033874 A
refrigeration /air conditioning cycle systemis provided where the condenser
tenperature is about 150F and the evaporator tenperature is about -35F under
nomnally isentropic conpression with a conpressor inlet tenperature of
about 50F. COP is determned for several conpositions of the present

i nvention over a range of 5 condenser and evaporator tenperatures and
reported in Table |I bel ow, based upon HFC-1 34a having a COP val ue of 1.00,

a capacitygvalu f <and i t r 0 I
REFRI GERANT™ Rel ipﬁgvcé’;"&%%'@@l %f??'g'ﬁ EWWG%@?&EB%@E‘: @XL%E:@EERATURE
(F) HFO 12 5 e Aolfre@tefbhdm8boldF0N an 1234ze 1.04 0.70 165 HF c s-1234ze

1.13 0.36 i-5 11F0O1234 0.98 1.10 168 10 This exanple shows that certain of
the preferred compounds for use with the present conpositions each have a

better enengy eﬁ-ﬁé(‘cioﬁgb”odréitwh?& élﬁﬁlé]lgrfagfgg%?Q?Io?al.]’v\%lmﬂ'{bd%te%ﬁap%%@ to

1.00) and the conpres using t efrigerant® conpos s wil
produce di schar get greaterrtbaniabsut(H8, 165 and 155 conpared to 15 175), which
i s advant ageous since such result will likely leading to reduced

mai nt enance probl ens. EXAMPLE 2

11.  The composition of claim 1 having an ozone depletion potential (ODP) of

not greater than about 0.02.

12.  The composition of claim 1 wherein said HFO-1234yf comprises at least

about 70 % by weight of the composition.
13.  The composition of claim 3 wherein said compatabilizer is selected from
the group consisting of propane, butane, pentane and combinations of

these.

14.  The composition of claim 3 comprising compatabilizer in amounts of

from about 0.5 to about 5 percent by weight of the composition.

15. The composition of claim 1 having a capacity relative to HFC-134a of
about 1.

16. The composition of claim 1 having a coefficient of performance (COP)
relative to HF C-134a of about 1.

17. The composition of claim 1 comprising said lubricant in an amount of
from about 30 to about 50% by weight.

18. The composition of claim 1 further comprising a surfactant and a

solubilizing agent.
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The m scibility of HFO 1225ye and HFO 1234ze with various refrigeration 20
| ubricants is tested. The lubricants tested are mneral oil (C3), alkyl
benzene (Zero) 150), ester oil (Mbil EAt. 22 cc and Sol est 120),

pol yal kyl ene glycol (PAG oil (Goodwench Refrigeration Ol for 134a
systens), and a poly(al pha-olefin) oil (CP- 6005-100). For each
refrigeranUoi| conbination, three conpositions are tested, nanely 5, 20 and
50 wei ght percent of lubricant, with the bal ance of each being the 25
conpound ofsd he mpre i i i 3 i t i t,i ons
are placed1§% hggﬁy@ﬁﬂﬁ?%ggﬁFﬁé@ﬂFﬁﬁe@He%ﬁﬁ%?@%ggﬁcéﬁgﬂgﬁggdﬁﬁﬁgggsH%
refrigerant comeastdnempotes@ance with the present inventionis 18 WO
2004/ 037913 PCT/ US2003/ 033874 added, and the tubes are then seal ed. The
tubes are then put into an air bath environnmental chanber, the tenperature
of which i govarigd E4REOAH bf R Mavi?@;ca ?épé&ﬁgﬁé'léﬁv%% | @I14abSef Vi sual
observations of the tube contents are nade or the existence of one or nore
| i quid phases. Ilaboat ¢ hdnang ancoeafficiersinofoperfdrimaince (8 Qi)asdative tobsH#iGred, t he
m xture is reporéﬁd éobbe inniscible. In a case where there is only one
liquid phase obd@fdO8aPPHe! ni xture is reported to be miscible. In those
cases where two |iquid phases were observed, but with one of the liquid
phases occupyi only a very small volunme, the mxture is reported to be
partially rdlsci BT?@ campoptioy afkglpieme wiheerin said cospasition hagioriec iatid wer e

Lenperature ranghesetabieatiof lesialfe BeFRELAGIR -BURC G Rt " °
pol yal kyl ene glycol, the refrigerant m xture was found to be inmm scible

over the tenperature range of-50C to -30C and to be parti al I% m sci ble over
from -20 t #%B0C.Tha: compreiighef plait dntbeithetarle wheddn spntask Wifaalpminum,
refrigerant an i 1 3 1L SChHRL e . 70C, it
was nmiscible f rggn %gj V\cgpgﬁ{ %g?ggﬁ?n#(ﬁﬁdﬁﬁé‘?n?g ;‘j‘%gr@ﬁ?f'ﬁg@%ﬂpht%"dg IrWei ght
per cent | ubri carmbnditioniafyrsygtenaat .

23.  The composition of claim 1 consisting essentially of said HFO-1234yf

and said lubricant.

24.  The composition of claim 1 wherein said lubricant has a viscosity of from
about 30 to about 150 centistokes at about 37°C.

25. A heat transfer composition for use in an air conditioning system
comprising:
(a) at least about 50% by weight of 1,1,1,2-tetrafluoropropene (HFO-
1234yf) having no substantial acute toxicity; and

(b) at least one poly alkylene glycol lubricant.

26. The composition of claim 25 having a Global Warming Potential (GWP)

of not greater than about 150.
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EXAMPLE 3 The conpatibility of the refrigerant conpounds and conpositions of
the present invention with PAG |ubricating oils while in contact with
nmetals used in 20 refrigeration and air conditioning systens is tested at
350 C, representing conditions nuch nore severe than are found in many
refrigeration and air conditioning applications. A um num copper and st eel
coupons are added to heavy wal l ed gl ass tubes. Two grams of oil are added
to the tubes The tubes are then evacuated and one 25 gram of refrigerant

5 2dded. e ¢ sheonase ik U ALANE Sr Yaidp 98 WL g AibAdh v Su

observations are ma € exposure perio s are
renoved. This prpwmiﬂnreanvamddmnefédea'stl'abdud)BD%/\bylwetgblmhl nations of oil and
the conmpound of the present invention: 30 a) HFC 1234ze and GM Goodw ench
PAG oil b) HFCl1243 zf and GM Goodw ench oil PAG oil c¢) HFC 1234ze and

MOPAR- 56 PAfg oi IThqegcomposition of claim 25 wherein said lubricant is present in an

amount of about 5% by weight of the composition.

29. The composition of claim 25 wherein said lubricant is present in an

amount of about 20% by weight of the composition.

30.  The composition of claim 25 having an Ozone Depletion Potential (ODP)
of not greater than about 0.02.

31.  The composition of claim 25 wherein said HFO-1234yf comprises at
least about 70 % by weight of the composition.

32. The composition of claim 25 having a capacity relative to HFC-134a of
about 1.

33.  The composition of claim 25 having a Coefficient of Performance (COP)
relative to HFC-134a of about 1.

34. The composition of claim 25 wherein said composition has one liquid

phase at at least one temperature between about -50°C and +70°C.
35. The composition of claim 25 being stable when in contact with

aluminum, steel and copper under the conditions of use in refrigeration

and air conditioning systems.
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