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ABSTRACT 

The present invention relates to the use of ?exible hoses 
capable of handling high pressure ?uids and providing a 
barrier against permeation loss in air conditioning and refrig 
eration systems. Such hoses are particularly suitable in air 
conditioning and refrigeration in Which neW, loW global 
Warming potential refrigerant alternatives are used. 
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METHOD FOR CIRCULATING SELECTED 
HEAT TRANSFER FLUIDS THROUGH A 

CLOSED LOOP CYCLE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates to the use of ?exible 
hoses capable of handling high pressure ?uids and providing 
a barrier against permeation loss in air conditioning and 
refrigeration systems. More particularly, the present inven 
tion relates to the use of such hoses in air conditioning and 
refrigeration systems, including mobile air conditioning sys 
tems, in Which neW, loW global Warming potential (GWP) 
refrigerant alternatives are used. 

[0003] 2. Description of RelatedArt 
[0004] The refrigeration industry has been Working for the 
past feW decades to ?nd replacement refrigerants for the 
oZone depleting chloro?uorocarbons (CFCs) and hydrochlo 
ro?uorocarbons (HCFCs) being phased out as a result of the 
Montreal Protocol. The solution for most refrigerant produc 
ers has been the commercialization of hydro?uorocarbon 
(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. 

[0005] Further environmental regulations may ultimately 
cause global phase out of certain HFC refrigerants. Currently, 
the automobile industry is facing regulations relating to glo 
bal Warming potential (GWP) for refrigerants used in mobile 
air-conditioning. Therefore, there is a great current need to 
identify neW refrigerants With reduced global Warming poten 
tial for the automobile 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. 
[0006] Currently proposed replacement refrigerants for 
HFC-134a include HFC-152a, pure hydrocarbons such as 
butane or propane, or “natural” refrigerants such as CO2 or 
ammonia. Many of these suggested replacements are toxic, 
?ammable, and/ or have loW energy ef?ciency. Therefore, neW 
alternatives are constantly being sought. 
[0007] As is Widely understood by those having skill in the 
?eld, in a typical refrigeration or air conditioning system heat 
transfer ?uids are circulated Within a closed loop including a 
compressor, a condenser and an evaporator. Hoses are typi 
cally connected betWeen the outlet of the compressor and the 
inlet of the condenser; betWeen the outlet of the condenser 
and the inlet of the evaporator; and betWeen the outlet of the 
evaporator and the inlet of the compressor. Such hoses must 
be able to Withstand the high pressure of the ?uids Which are 
circulated through such systems. 
[0008] Hoses used for these purposes need to be ?exible for 
ease of installation and use, and often must be shaped into 
curves and bends for connecting components already 
installed into ?xed positions. They must also be able to con 
tain the ?uid pressure. These hoses are often made of elasto 
meric materials such as natural or synthetic rubber or ther 
moplastic elastomers, and are typically reinforced With 
braiding to impart high pressure capability. 
[0009] Moreover, it is essential that the hoses of such sys 
tems offer superior barrier resistance to permeation of the 
contained ?uid through the Wall of the hose construction. In 
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addition, the hose Wall must provide high barrier resistance to 
ingression of external ?uids, such as air or moisture, into the 
contained ?uid. 
[0010] In order to meet barrier requirements, hoses are 
often provided With a suitable thermoplastic barrier layer on 
the inside. A typical high pressure barrier hose may thus 
consist of multiple layersian inner thermoplastic barrier 
layer made of a polyamide, a polyester or a suitable thermo 
plastic material; an over-layer of an elastomeric material to 
provide ?exibility; and a braid layer over the elastomeric 
layer to provide pressure capability and an outer protective 
cover layer of an elastomeric material. 
[0011] Attempts to make ?exible high pressure high barrier 
hoses often involve ?rst making a corrugated metallic tube 
and coating the tube With an elastomeric polymer. Such con 
structions, hoWever, require complex manufacturing pro 
cesses, and are expensive for large scale uses. US. Pat. No. 
7,055,553 describes a ?uid transfer hose incorporating a 
metal barrier layer. The metal barrier layer is bonded using 
techniques that require use of aggressive chemicals. Also, 
expensive ?uoropolymer layers are incorporated in the hose 
construction. 
[0012] Moreover, While such hoses provide pressure capa 
bility and ?exibility, their barrier properties can be improved. 
With the drive for reduced emissions, this becomes an issue in 
highly demanding applications such as refrigeration and air 
conditioning. As loW GWP refrigerants are developed it is 
important to identify barrier hoses Which are suitable for 
these refrigerants. 
[0013] It Would be desirable to provide a ?exible hose for 
air conditioning or refrigeration systems Which is suitable for 
use With neW, high-pressure, loW GWP refrigerants. Ideally, 
such a hose Would not require the use of aggressive chemi 
cals, Would be economical to make, and Would meet stringent 
barrier requirements. 

BRIEF SUMMARY OF THE INVENTION 

[0014] The present invention relates to transporting a heat 
transfer ?uid Within a refrigeration or air conditioning system 
through a hose, Where the hose is able to Withstand high 
pressure refrigerants, and the hose has improved barrier prop 
erties. A further advantage of such hose is its simple and 
straightforWard construction. In a particular embodiment, 
such hose is especially suitable for use With ?uoroole?n com 
positions Which are loW GWP refrigerant alternatives. These 
and other objects, features and advantages of the present 
invention Will become better understood upon having refer 
ence to the description of the invention herein. 
[0015] Therefore, in accordance With the present invention, 
there is provided a method of providing transport of a heat 
transfer ?uid composition Within a refrigeration or air condi 
tioning system, comprising circulating the heat transfer ?uid 
through one or more hoses of said system, Wherein said heat 
transfer ?uid comprises a compound selected from the group 
consisting of: R32, Rl52a, CF31, l234yf, l225ye and trans 
1234Ze. 
[0016] In a particular embodiment, the composition com 
prises 1225ye and at least one additional compound selected 
from the group consisting of HFC-1234Ze, HFC-1234yf, 
HFC-1234ye, HFC-1243Zf, HFC-32, HFC-125, HFC-134, 
HFC-134a, HFC-143a, HFC-152a, HFC-161, HFC-227ea, 
HFC-236ea, HFC-236fa, HFC-245fa, HFC-365mfc, pro 
pane, n-butane, isobutane, 2-methylbutane, n-pentane, cyclo 
pentane, dimethylether, CF3SCF3, CO2, NH3, and CF31. 
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[0017] In another particular embodiment, the composition 
comprises HFC-l234Ze and at least one additional compound 
selected from the group consisting of HFC-l234yf, HFC 
1234ye, HFC-l243Zf, HFC-32, HFC-l25, HFC-l34, HFC 
134a, HFC-l43a, HFC-l52a, HFC-l6l, HFC-227ea, HFC 
236ea, HFC-236fa, HFC-245fa, HFC-365mfc, propane, 
n-butane, isobutane, 2-methylbutane, n-pentane, cyclopen 
tane, dimethylether, CF3SCF3, CO2 and CF3I. 
[0018] In another particular embodiment, the composition 
comprises HFC-l234yf and at least one additional compound 
selected from the group consisting of HFC-l234ye, HFC 
1243Zf, HFC-32, HFC-l25, HFC-l34, HFC-l34a, HFC 
143a, HFC-l52a, HFC-l6l, HFC-227ea, HFC-236ea, HFC 
236fa, HFC-245fa, HFC-365mfc, propane, n-butane, 
isobutane, 2-methylbutane, n-pentane, cyclopentane, dimeth 
ylether, CF3SCF3, CO2, NH3, and CF3I. 
[0019] In another particular embodiment, the composition 
comprises HFC-l243Zf and at least one additional compound 
selected from the group consisting of HFC-l234ye, HFC-32, 
HFC-l25, HFC-l34, HFC-l34a, HFC-l43a, HFC-l52a, 
HFC-l6l, HFC-227ea, HFC-236ea, HFC-236fa, HFC 
245fa, HFC-365mfc, propane, n-butane, isobutane, 2-meth 
ylbutane, n-pentane, cyclopentane, dimethylether, CF3SCF3, 
CO2 and CF3I. 
[0020] In another particular embodiment, the composition 
comprises HFC-l234ye and at least one additional compound 
selected from the group consisting of HFC-l243Zf, HFC-32, 
HFC-l25, HFC-l34, HFC-l34a, HFC-l43a, HFC-l52a, 
HFC-l6l, HFC-227ea, HFC-236ea, HFC-236fa, HFC 
245fa, HFC-365mfc, propane, n-butane, isobutane, 2-meth 
ylbutane, n-pentane, cyclopentane, dimethylether, CF3SCF3, 
CO2 and CF3I. 
[0021] In one particular embodiment of a hose con?gura 
tion, the hose comprises an outer layer comprising a material 
selected from the group consisting of an elastomer and a 
polyamide and an inner layer comprising a material selected 
from the group consisting of an elastomer, a polyamide and a 
thermoplastic. The hose may further include (a) a tie layer 
positioned over said inner layer; (b) a metal -polymer laminate 
positioned over said tie layer and consisting of a layer of 
polymer compatible With or bondable to said outer surface of 
said veneer, a thin layer of metallic foil, and another layer of 
a polymer protecting the metallic foil; (c) a braid under-layer 
positioned over said metal-polymer laminate and consisting 
of an elastomeric material; and (d) a reinforcing braid layer 
positioned over said braid under-layer, Wherein the outer 
layer is positioned on the outside of the reinforcing braid 
layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The present invention may be better understood 
With reference to the folloWing ?gure, Wherein: 
[0023] FIG. 1 is a schematic diagram of a refrigeration or 
air conditioning system including a plurality of hoses accord 
ing to the present invention. 
[0024] FIG. 2 is a cross-sectional vieW of a hose of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0025] According to the present invention, there is provided 
a refrigeration or air-conditioning system. Such a system, 
Which is a vapor compression system, is shoWn in FIG. 1. A 
vapor-compression system is a closed loop system Which 
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re-uses refrigerant in multiple steps producing a cooling 
effect in one step and a heating effect in a different step. Such 
a system generally includes an evaporator, a compressor, a 
condenser and an expansion device, as Will be described 
beloW in detail With respect to FIG. 1. With reference to FIG. 
1, gaseous refrigerant from an evaporator (42) ?oWs through 
a hose (63) to the inlet of a compressor (12), and is then 
discharged. Various types of compressors may be used With 
the present invention, including reciprocating, rotary, jet, cen 
trifugal, scroll, screW or axial-?oW, depending on the 
mechanical means to compress the ?uid, or as positive-dis 
placement (e.g., reciprocating, scroll or screW) or dynamic 
(e.g., centrifugal or jet). 
[0026] The compressed refrigerant gas from the compres 
sor ?oWs through the compressor outlet and through a hose 
(61) to a condenser (41). A pressure regulating valve (51) in 
hose (61) may be used. This valve alloWs recycle of the 
refrigerant ?oW back to the compressor via a hose (63), 
thereby providing the ability to control the pressure of the 
refrigerant reaching the condenser (41) and if necessary to 
prevent compressor surge. The compressed refrigerant is con 
densed in the condenser, thus giving off heat. The liquid 
refrigerant ?oWs through an expansion device (52) via a hose 
(62) to the evaporator (42), Which is located in the passenger 
compartment. In the evaporator, the liquid refrigerant is 
vaporized, providing cooling and the cycle then repeats. The 
expansion device (52) may be an expansion valve, a capillary 
tube or an ori?ce tube. 

[0027] The closed loop, vapor compression system of the 
present invention may be used in either stationary or mobile 
refrigeration or air-conditioning applications. Stationary 
refrigeration apparatus or stationary air-conditioning appara 
tus refer to the equipment used for cooling the air in a build 
ing, or cooling perishable goods such as foods, pharmaceuti 
cal materials, etc, in a conventional, non-mobile, non-vehicle 
mounted system. These systems may include chillers, ducted 
and ductless air conditioners and heat pumps, domestic 
refrigerators and freeZers, commercial refrigerators and 
freeZers, supermarket and industrial refrigeration systems. 
[0028] Such stationary refrigeration or air conditioning 
systems may be associated With CHP (Combined Heat and 
PoWer) systems, Wherein a stationary internal combustion 
engine is used to drive an electrical generator. The Waste heat 
produced by the engine may be recovered and used to perform 
Work, by such means as a Rankine Cycle (steam engine) or 
Organic Rankine cycle (ORC). In a Rankine cycle, the heat is 
used to vaporiZe a liquid (an organic liquid in the case of an 
ORC), Which in turn drives a turbine. The mechanical energy 
of the turbine may be used to drive an electricity generator, 
Which runs a refrigeration or air-conditioning system. 

[0029] Mobile refrigeration apparatus or mobile air-condi 
tioning apparatus refers to any refrigeration or air-condition 
ing apparatus incorporated into a mobile transportation unit 
for the road, rail, sea or air. In addition, apparatus, Which are 
meant to provide refrigeration or air-conditioning for a sys 
tem independent of any moving carrier, knoWn as “inter 
modal” 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. 
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[0030] A body to be cooled may be any space, location or 
object requiring refrigeration or air-conditioning. In station 
ary applications the body may be the interior of a structure, 
ie residential or commercial, or a storage location for per 
ishables, such as food or pharmaceuticals. Numerous mobile 
systems are described earlier in de?ning mobile refrigeration 
apparatus and mobile air-conditioning apparatus. 
[0031] The refrigeration apparatus or air-conditioning 
apparatus of the present invention may additionally employ 
?n and tube heat exchangers, microchannel heat exchangers 
and vertical or horizontal single pass tube or plate type heat 
exchangers in the evaporator and/ or the condenser. 
[0032] In accordance With the present invention, there is 
provided a method of providing transport of a heat transfer 
?uid Within a refrigeration or air conditioning system, com 
prising circulating a heat transfer ?uid composition through 
one or more hoses of said system. In one embodiment of the 
present invention, the hose may comprise an outer layer com 
prising a material selected from the group consisting of an 
elastomer and a polyamide. The hose may further comprise 
an inner layer comprising a material selected from the group 
consisting of an elastomer, a polyamide and a thermoplastic. 
In particular, the inner layer may comprise a thermoplastic 
veneer, and the outer layer may comprise an elastomer. 
[0033] In a particular con?guration of the present inven 
tion, hoses are constructed in multiple layers such as 
described beloW from the innermost to the outermost surface, 
including: 

[0034] an layer of a thermoplastic veneer; 
[0035] a tie layer; 
[0036] a metal-polymer laminate consisting of a layer of 
polymer compatible With the tie layer, a thin layer of 
metallic foil, and another layer of a polymer protecting 
the metallic foil; 

[0037] a braid under-layer of a thermoplastic or thermo 
setting elastomer; 

[0038] a braid layer providing reinforcement; and 
[0039] an outer layer of an elastomeric material. 

[0040] Reference is made to FIG. 2, in Which this embodi 
ment is shoWn. In FIG. 2, there is shoWn generally at 10 each 
of the layers of the invention, numbered and described from 
the innermost layer to the outermost layer. Hence, there is ?rst 
depicted closest to the core (Where the mandrel is inserted and 
then later Withdrawn) an innermost layer of a thermoplastic 
veneer 12 having an inner surface 14 and an outer surface 16. 
The veneer may incorporate a tie layer 18 positioned at its 
outer surface 16. A metal-polymer laminate 20 is positioned 
over the tie layer and consisting of a layer 22 of polymer 
compatible With or bondable to the outer surface of the 
veneer, a thin layer 24 of metallic foil, and another layer 26 of 
a polymer protecting the metallic foil. Thereafter, a braid 
under-layer 28 is positioned over the metal-polymer laminate 
20 and consisting of an elastomeric material. A reinforcing 
braid layer 3 0 is then positioned over the braid under-layer 28. 
Finally, an outer layer 32 of an elastomeric material posi 
tioned over the reinforcing braid layer 30. 
[0041] The hose of this one embodiment of the present 
invention is manufactured in multiple steps, sequenced as 
provided beloW. 
[0042] Step liFirst a mandrel or a solid rod or other suit 
able structure is provided that serves as a support through the 
subsequent manufacturing steps. Such mandrels are com 
monly used in the manufacture of hoses made out of thermo 
setting materials that need to be supported during the extru 
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sion and curing steps. They are made of a variety of 
thermoplastic or thermosetting materials such as copolyester 
ethers, copolyamides, polyole?ns, TPVs, EPDMs, synthetic 
rubbers etc. It is desirable to ensure that the mandrel has 
suf?cient ?exibility to be spoolable in long lengths. 
[0043] Step 2iA thermoplastic veneer is extruded over the 
mandrel. The veneer can be in the form of a monolayer or a 
tWo layer tube depending on the type of metal foil and poly 
mer laminate to be used in step 3 as explained beloW. It should 
not develop adhesion to the mandrel surface so that mandrel 
can be extracted at the end of hose fabrication. As appropriate, 
one of skill in the ?eld can apply suitable release agents to the 
mandrel to facilitate the nonadhesive properties of the man 
drel in relation to the inner layer of the veneer and lubricate its 
extraction at the end of hose fabrication. 
[0044] A monolayer veneer or the inner layer of the tWo 
layer veneer can be made of a polyamide, copolyamide, 
polyphthalamide, polyester or copolyester that provides 
chemical and thermal resistance to the contained ?uid it is in 
contact With. 
[0045] When a monolayer veneer is used, the laminate used 
in step 3 is provided With an adhesive that can bond to the 
surface of the veneer. Examples of such laminates are those 
Where metallic foil is laminated With a pressure sensitive 
adhesive (PSA) that can adhere to the surface of the veneer. 
Such laminates are available commercially With variety of 
adhesives such as acrylics, rubber, silicones etc. 
[0046] In a tWo-layer veneer construction, the outer layer is 
made of a functionaliZed polymer to function as a tie layer 
betWeen the inner thermoplastic veneer and the metal-poly 
mer laminate to be provided over it. It can be made of a 
functionaliZed polyole?n or copolyole?n such as those made 
by grafting or copolymeriZing functional monomers With 
ole?ns and copolyole?ns. Some examples of functional 
monomers include those With acid, anhydride, acrylate, 
epoxy functionality. 
[0047] When a tWo-layer veneer is used, the laminate used 
in step 3 does not need to have an adhesive surface. It is rather 
suf?cient to have a polymeric layer at the surface that is 
compatible or otherWise bondable to the functionaliZed tie 
layer of the veneer. 
[0048] Step 3iA metal foil and polymer laminate consist 
ing of a ?rst polymer layer compatible or bondable to the 
surface of the veneer, a thin metallic foil and a second poly 
mer layer (Which may be identical to or different from the ?rst 
polymer layer) is then applied over the assembly prepared in 
step 2. 
[0049] Adhesion can be further promoted by application of 
heat and/or pressure as Warranted. Heating may not be nec 
essary if the ?rst polymer layer of the laminate is a room 
temperature pressure sensitive adhesive (PSA) type. When a 
tWo-layer veneer is used along With a functionaliZed polyole 
?n as the tie layer, application of both heat and pressure are 
needed. In one embodiment, the assembly of Step 2 is covered 
by the metal foil laminate and passed through a heated die 
designed to apply pressure on to the assembly to form the 
bonding. In another embodiment, the veneer supported by the 
mandrel is ?rst passed through a heating tunnel so as to raise 
the surface temperature of the veneer. The metal foil laminate 
is then applied over the veneer, and the assembly is passed 
through another heated die designed to apply pressure and 
affect bonding. 
[0050] The laminate is applied over the veneer lengthWise 
so that it circumferentially Wraps around it. The tWo edges of 
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the foil positioned lengthwise along the tube are bonded 
tightly together and any excess foil is then trimmed to provide 
a fully covered assembly. This form of Wrapping is preferred 
over the so-called helical Wrap formed by Winding a tape over 
the veneer in a helical fashion at an angle to the axis of the 
hose because it results in only one seam running along the 
length of the hose. From barrier perspective, a seam can 
provide potential site for permeation leak. Hence, it is desir 
able to minimiZe it’s occurrence in the construction. Length 
Wise Wrap described above is also easier to apply especially 
on a small diameter tubing such as that encountered in ?exible 
high pressure hoses. 
[0051] In cases Where extremely high barrier is desired, it 
may be advantageous to provide multiple layers of the lami 
nate in a manner that seams do not overlap thus providing 
higher level of permeation barrier. 
[0052] Metallic foil is thin enough to provide ?exibility 
While resist fracture during handling. For example, it can be 
aluminum foil, in l-l0 micron thickness range to provide 
very high level of barrier While retaining ?exibility. Note that 
this approach provides a continuous layer of metal over the 
tube surface unlike vapor deposition techniques Which leave 
gaps in metal coverage resulting in inferior barrier properties. 
[0053] The second layer of polymer over the metallic foil is 
selected to protect the surface of the metal foil and provide 
compatibility With the braid under-layer to be provided over 
it. It can be a polyamide, polyester or a polyole?n, and is 
selected so as to be compatible With the type of braid under 
layer to be used in the next step. 
[0054] Step 4iA braid underlayer is extruded over the 
assembly of Step 3. The underlayer is an elastomeric material 
such as a natural or synthetic rubber or a thermoplastic elas 
tomer such as thermoplastic ole?n (TPO), thermoplastic ester 
elastomer (TEE) or a thermoplastic vulcaniZate (such as 
ETPV or TPV, common selections in this ?eld). Its purpose is 
to provide cushioning and protection against forces imposed 
during braiding. 
[0055] It is preferable if this braid underlayer bonds to the 
surface of the laminate applied in step 3. This may be accom 
plished by several means such as ensuring that the braid 
underlayer material is compatible With the surface layer of the 
laminate, extruding a tWo-layer braid underlayer such that its 
inner layer acts as a tie layer to bond to the surface of the 
laminate or sequentially extruding a tie layer over the lami 
nate ?rst and then the braid underlayer. 
[0056] A functionaliZed polymer such as that used for 
forming the tie layer of the tWo-layer veneer of step 2 may be 
used for this purpose, the functionaliZation chosen to be com 
patible With the tWo layers to be bonded. 
[0057] Step SiA braided reinforcement layer is provided 
over the assembly of Step 4. Depending on the desired pres 
sure capability, braiding canbe made of metallic or polymeric 
?laments or high performance ?laments such as Kevlar® or 
Nomex®, both commercially available from EI du Pont de 
Nemours and Company of Wilmington, Del. Braid density is 
determined according to desired pressure capability and ?la 
ment material selection. Multiple layers of braid and hybrid 
braids of multiple types of ?laments are often used in practice 
to maximiZe the degree of reinforcement While optimiZing 
the cost. 

[0058] Step 6iAn outer protective layer is extruded over 
the braided reinforcement layer. This layer can again be made 
of an elastomeric material such as TPO, TEE or a thermo 

plastic vulcaniZate (ETPV or TPV). 
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[0059] Step 7iIf any of the layers in the hose construction 
are made of a thermosetting material, then the assembly of 
Step 6 needs to cure. If all the layers are made of thermoplas 
tic materials, then curing is not necessary. Note that one or 
more outer protective layers can be added at this time as Well. 
[0060] Step 8iFinally, the mandrel is extracted from the 
assembly of Step 6 or Step 7 to produce the ?nished hose. The 
mandrel can be extracted by applying hydraulic pressure to 
one end of the hose or by mechanical means. 

[0061] Hose made this Way can be cut to desired length and 
?ttings can be applied as desired. The hose made this Way 
provides ?exibility, high pressure capability and very high 
barrier capability. 
[0062] It is readily apparent to those having skill in the art 
to Which this invention pertains that in addition to the mate 
rials mentioned herein, a variety of other materials are suit 
able for each layer as is Well knoWn and understood. Like 
Wise, representative thicknesses of each layer and techniques 
for braiding are already Well appreciated by those having skill 
in the ?eld, and are selected according to the intended appli 
cation. 
[0063] In accordance With the method of the present inven 
tion, the heat transfer ?uid composition comprises a com 
pound selected from the group consisting of: R32, Rl52a, 
CF3I, l234yf, l225ye and trans-l234Ze. 
[0064] In certain embodiments of the invention, hereinafter 
referred to as the ?uorole?n embodiment, the heat transfer 
?uid composition comprises at least one ?uoroole?n. The 
heat transfer ?uid compositions of the present invention may 
further comprise at least one additional component that may 
be a second ?uoroole?n, hydro?uorocarbon (HFC), hydro 
carbon, dimethyl ether, bis(tri?uoromethyl)sul?de, CF3I, or 
C02. 
[0065] According to a particular aspect of the ?uoroole?n 
embodiment, the heat transfer ?uid composition comprises 
l225ye and at least one additional compound selected from 
the group consisting of HFC-l234Ze, HFC-l234yf, HFC 
1234ye, HFC-l243Zf, HFC-32, HFC-l25, HFC-l34, HFC 
134a, HFC-l43a, HFC-l52a, HFC-l6l, HFC-227ea, HFC 
236ea, HFC-236fa, HFC-245fa, HFC-365mfc, propane, 
n-butane, isobutane, 2-methylbutane, n-pentane, cyclopen 
tane, dimethylether, CF3SCF3, CO2, NH3, and CF3I. 
[0066] According to another particular aspect of the ?uo 
roole?n embodiment, the heat transfer ?uid composition 
comprises HFC- l 234Ze and at least one additional compound 
selected from the group consisting of HFC-l234yf, HFC 
1234ye, HFC-l243Zf, HFC-32, HFC-l25, HFC-l34, HFC 
134a, HFC-l43a, HFC-l52a, HFC-l6l, HFC-227ea, HFC 
236ea, HFC-236fa, HFC-245fa, HFC-365mfc, propane, 
n-butane, isobutane, 2-methylbutane, n-pentane, cyclopen 
tane, dimethylether, CF3SCF3, CO2 and CF3I. 
[0067] In another particular aspect of the ?uoroole?n 
embodiment, the heat transfer ?uid composition comprises 
HFC-l234yf and at least one additional compound selected 
from the group consisting of HFC-l234ye, HFC-l243Zf, 
HFC-32, HFC-l25, HFC-l34, HFC-l34a, HFC-l43a, HFC 
152a, HFC-l6l, HFC-227ea, HFC-236ea, HFC-236fa, HFC 
245fa, HFC-365mfc, propane, n-butane, isobutane, 2-meth 
ylbutane, n-pentane, cyclopentane, dimethylether, CF3SCF3, 
CO2, NH3, and CF31. 
[0068] According to another particular aspect of the ?uo 
roole?n embodiment, the heat transfer ?uid composition 
comprises HFC-l243Zf and at least one additional compound 
selected from the group consisting of HFC-l234ye, HFC-32, 
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HFC-125, HFC-134, HFC-134a, HFC-143a, HFC-152a, 
HFC-161, HFC-227ea, HFC-236ea, HFC-236fa, HFC 
245fa, HFC-365mfc, propane, n-butane, isobutane, 2-meth 
ylbutane, n-pentane, cyclopentane, dimethylether, CF3SCF3, 
CO2 and CF31. 
[0069] In another particular aspect of the ?uoroole?n 
embodiment, the heat transfer ?uid composition comprises 
HFC-1234ye and at least one additional compound selected 
from the group consisting of HFC-1243Zf, HFC-32, HFC 
125, HFC-134, HFC-134a, HFC-143a, HFC-152a, HFC-161, 
HFC-227ea, HFC-236ea, HFC-236fa, HFC-245fa, HFC 
365mfc, propane, n-butane, isobutane, 2-methylbutane, 
n-pentane, cyclopentane, dimethylether, CF3SCF3, CO2 and 
CF31. 
[0070] For these particular embodiments, the ?uoroole?n 
and the other components of the heat transfer ?uid composi 
tions of the present invention are listed in Table 1. 
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TABLE 1-continued 

Compound Chemical name Chemical formula 

HFC-3 65mfc 1,1,1,3 ,3 —penta?uorobutane CF3CH2CH2CHF2 
Propane CH3CH2CH3 
n-butane CH3CH2CH2CH3 

i-butane isobutane CH3CH(CH3)CH3 
2-methylbutane CH3CH(CH3)CH2CH3 
n-pentane CH3CH2CH2CH2CH3 
cyclopentane cyclo—(CH2)5i 

DME dimethylether CH3OCH3 
CO2 carbon dioxide CO2 

R717 Ammonia NH3 

[0071] The individual components listed in Table 1 may be 
prepared by methods knoWn in the art. 
[0072] The ?uoroole?n compounds used in the composi 
tions of the present invention, HFC-1225ye, HFC-1234Ze, 
and HFC-1234ye, may exist as different con?gurational iso 

TABLE 1 mers or stereoisomers. The present invention is intended to 
include all single con?gurational isomers, single stereoiso 

Compmmd Chemical 1151116 Chemical formula mers or any combination or mixture thereof. For instance, 

HFC-1225ye 1,2,3 ,3 ,3-penta?uoropropene CF3CF:CHF 1>3’3’3-‘eFr%-?u°r°Pr°PeI?e (HFC'1234Ze) 1S meal“ to mp6‘ 
HFO1234Z6 1,3,3 ,3_t?tm?uoroprop?ne CF3CH:CHF sent the c1s-1somer, trans-isomer, or any comb1nat1on or mix 
HFC_1234yf 2,3,3,3_tetra?uoropropgne CF3CF:CH2 ture of both 1somers 1n any rat1o. Another example 1s HFC 
HFC-1234ye 1,2,3 ,3-tetra?uoropropene CHF2CF:CHF 1225ye, by Which is represented the cis-isomer, trans-isomer, 
HFC-1243Zf 333,3'UiH1lOTOPTOPW‘? CF3CHICH2 or any combination or mixture of both isomers in any ratio. 
HFC'32 dl?uoromethane CHZFZ The compositions of the present invention contain primarily 
HFC-l25 penta?uoroethane CF3CHF2 h . Z . f HFC-IZZS 
HFC-134 1,1,2,2-tetra?uoroethane CHF2CHF2 t e C15 or lsomer O _ ye' _ _ 

[$01345 l,l,l,2_t?tra?uoro?than? CH2FCF3 [0073] The heat transfer ?uid compos1t1ons of the present 
HFC-143a 1,1,1-tri?uoroethane CH3CF3 invention may be generally useful When the ?uoroole?n is 
HFC-152a Ll-di?uoro?thane CHF2CH3 present at about 1 Weight percent to about 99 Weight percent, 
HFC'161 ?uoro?thane CHBCHZF preferably about 20 Weight percent to about 99 Weight per 
HFOZN” 111’1’1’2’3’3’3' CF3CHFCF3 cent, more preferably about 40 Weight percent to about 99 

epta?uoropropane . . . 

HFOZMM 1,1,1g??mwmuorowowna CF3CHFCHF2 We1ght percent and still more preferably 50 We1ght percent to 
HFC-236fa 1,1,1,3,3,3-hexa?uoroethane CF3CH2CF3 about 99 WeIghI percent 
HFC-245fa 1,1,1,3,3—penta?uoropropane CF3CH2CHF2 [0074] The present invention further provides composi 

tions as listed in Table 2. 

TABLE 2 

Concentration ranges (Wt %) 

Components Preferred More preferred Most preferred 

HFC-1225ye/HFC-32 1-99/99-1 30-99/70-1 90-99/10-1; 
95/5/97/3 

HFC-1225ye/HFC-134a 1-99/99-1 40-99/60-1 90/10 
HFC-1225ye/CO2 0.1-99.9/99.9-0.1 70-99.7/30-0.3 99/1 
HFC-1225ye/ammonia 0.1-99.9/0.1-99.9 40-99.9/0.1-60 90/10, 85/15, 80/ 

20, 95/5 
HFC-1225ye/HFC-1234yf 1-99/99-1 51-99/49-1 and 60-90/ 60/40, 51/49 

40-10 
HFC-1225ye/HFC-152a/HFC-32 1-98/1-98/1-98 50-98/1-40/1-40 85/10/5 

81/15/4 
82/15/3 

HFC-1225ye/HFC-152a/CO2 1-98/1-98/0.1-98 50-98/1-40/0.3-30 84/15/1 
84/15.5/0.5 

HFC-l225ye/HFC-l52a/propane 1-98/1-98/1-98 50-98/1-40/1-20 85/13/2 
HFC-1225ye/HFC-152a/i-butane 1-98/1-98/1-98 50-98/1-40/1-20 85/13/2 
HFC-1225ye/HFC-152a/DME 1-98/1-98/1-98 50-98/1-40/1-20 85/13/2 
HFC-1225ye/HFC-152a/CF3I 1-98/1-98/1-98 20-90/1-50/1-60 
HFC-1225ye/HFC-134a/HFC- 1-98/1-98/1-98 40-98/1-50/1-40 76/9/15 
152a 
HFC-1225ye/HFC-134a/HFC-32 1-98/1-98/1-98 1-80/1-80/1-80 88/9/3 
HFC-1225ye/HFC-134a/HFC-161 1-98/1-98/1-98 40-98/1-50/1-20 86/10/4 
HFC-1225ye/HFC-134a/CO2 1-98/1-98/0.1-98 40-98/1-50/0.3-30 88.5/11/0.5 
HFC-l225ye/HFC-l34a/propane 1-98/1-98/1-98 40-98/1-50/1-20 87/10/3 
HFC-1225ye/HFC-134a/i-butane 1-98/1-98/1-98 40-98/1-50/1-20 87/10/3 
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TABLE 2-continued 

Dec. 24, 2009 

Concentration ranges (Wt %) 

Components Preferred More preferred Most preferred 

trans-HFC-l234Ze/n-butane/CF3I l-98/l-30/l-98 10-80/1-20/10-80 
trans-HFC- l-98/l-60/l-98 10-90/1-30/1-30 
l234Ze/isobutane/DME 
trans-HFC-l234Ze/isobutane/ l-98/l-40/l-98 10-80/1-20/10-80 

trans-HFC-l234Ze/isobutane/ l-98/l-40/l-98 10-80/1-20/10-80 

HFC-l243Zf/HFC-l34/HFC- l-98/l-98/l-98 10-80/10-80/10-80 
227ea 
HFC-l243Zf/HFC-l34/n-butane l-98/l-98/l-40 10-80/10-80/1-30 
HFC-l243Zf/HFC-l34/DME l-98/l-98/l-98 10-80/10-80/1-30 
HFC-l243Zf/HFC-l34/CF3I l-98/l-98/l-98 10-80/10-80/10-80 
HFC-l243Zf/HFC-l34a/HFC- l-98/l-98/l-98 10-80/10-80/1-50 
152a 
HFC-l243z?HFC-l34a/n-butane l-98/l-98/l-40 10-80/10-80/1-30 
HFC-l243Zf/HFC-l52a/propane l-70/l-70/29-98 10-70/1-50/29-40 

HFC-l243z?HFC-l52a/isobutane l-98/l-98/l-40 10-80/1-80/1-30 
HFC-l243Zf/HFC-l52a/DME l-98/l-98/l-98 10-80/1-80/1-30 
HFC-l243z?HFC-227ea/n-butane l-98/l-98/l-40 10-80/1-80/1-30 
HFC-l243Zf/HFC- l-98/l-90/l-50 10-80/1-80/1-30 
227ea/isobutane 
HFC-l243Zf/HFC-227ea/DME l-98/l-80/l-90 10-80/1-80/1-30 
HFC-l243Zf/n-butane/DME l-98/l-40/l-98 10-90/1-30/1-30 
HFC-l243Zf/isobutane/DME l-98/l-60/l-98 10-90/1-30/1-30 
HFC-l243Zf/isobutane/CF3I l-98/l-40/l-98 10-80/1-30/10-80 

32/HFC-l25 l-97 

HFC-l225ye/HFC-32/HFC- l-97/l-97/l-97/ 10-80/5-70/5-70/5-70 

HFC-l225ye/HFC-32/HFC- l-97/l-97/l-97/ 5-70/5-70/5-70/1-30 
l25/isobutane l-97 
HFC-l225ye/HFC-32/HFC- l-97/l-97/l-97/ 5-70/5-70/5-70/1-30 
l25/propane l-50 
HFC-l225ye/HFC-32/HFC- l-97/l-97/l-97/ 5-70/5-70/5-70/1-30 
l25/DME l-50 
HFC-l225ye/HFC-32/CF3UDME l-97/l-97/l-97/ 5-70/5-70/5-70/1-30 

l-50 
HFC-l225ye/HFC-32/HFC- l-97/l-97/l-97/ 10-80/5-70/5-70/1-80 

10-80/1-70/1-80 
5-70/5-80/1-70/5-70 

HFC-l234yf/HFC-32/HFC-l25 l-98/l-98/l-98 10-80/5-80/10-80 
HFC-l234yf/HFC-32/HFC- l-97/l-97/l-97/ 10-80/5-70/10-80/5-80 
l25/CF3I l-97 

[0075] The most preferred compositions of the present 
invention listed in Table 2 are generally expected to maintain 
the desired properties and functionality When the components 
are present in the concentrations as listed +/—2 Weight per 
cent. The compositions containing CO2 Would be expected to 
maintain the desired properties and functionality When the 
CO2 Was present at the listed concentration +/—0.2 Weight 
percent. 
[0076] 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 it is 
evaporated or distilled, i.e., the mixture distills/re?uxes With 
out 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 refrig 
eration or air conditioning system during operation, Which 
may reduce ef?ciency of the system. Additionally, an aZeo 
tropic composition Will not fractionate upon leakage from a 
refrigeration or air conditioning system. In the situation 
Where one component of a mixture is ?ammable, fraction 
ation during leakage could lead to a ?ammable composition 
either Within the system or outside of the system. 
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[0077] A near-aZeotropic composition (also commonly 
referred to as an “aZeotrope-like composition”) is a substan 
tially constant boiling liquid admixture of tWo or more sub 
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TABLE 3-continued 

stances that behaves essentially as a single substance. One Wt% Wt% , T 
. . . . . ComponentA Component B A B Psla kPa (C.) 

Way to characterize a near-aZeotrop1c compos1t1on1s that the 
vapor produced by partial evaporation or distillation of the HFC-l225ye HFC-152a 7.3 92.7 14.5 100 -25 
liquid has substantially the same composition as the liquid HFC-1225ye Prof”i116 29-7 70-3 30-3 209 ‘25 

~ ~ ~ ~ ~ ~ HFC-l225ye n-butane 89.5 10.5 12.3 85 -25 
from Wh1ch1tWas evaporated or d1st1lled, that is, the admix- HFC 1225 . 

_ _ _ _ _ _ — ye lsobutane 79.3 20.7 13.9 96 —25 

ture distills/re?uxes without substantial compos1t1on change. HpC_1225ye DME 821 179 10;; 74 _25 
Another Way to characterize a near-aZeotropic composition is HFC-l225ye CF3SCF3 37 .0 63.0 12.4 85 -25 
that the bubble point vapor pressure and the deW point vapor mnS'HFC'1234R HFC-1243zf 17-0 83-0 13-0 90 ‘25 
pressure of the composition at a particular temperature are mnS'HFC'1234Z6 HFC'134 45'7 54'3 12'5 86 _25 

, , , , , trans-HFC-l234ze HFC-134a 9.5 90.5 15.5 107 -25 

substantially the same. Herein, a composition is near-aZeo- trans?pcqzmz? HpC_152a 216 784 146 101 _25 
tropic if, after 50 Weight percent of the composition is trans-HFC-l234ze HFC-227ea 59.2 40.8 11.7 81 -25 

removed, such as by evaporation or boiling off, the difference 32111935833316 map?“ :32 if; 233 ‘i; 
' ' ' ' ' HHS- - Z6 H- 113116 . . . — 

1n vapor pressure between the original compos1t1on andthe UHBSHFOUMR isobutam 779 221 129 89 _25 
compos1t1on remaimng after 50 Weight percent of the onginal tranS_H1-TC_1234Z6 DME 841 159 10;; 74 _25 
composition has been removed is less than about 10 percent. trans-HFC-l234ze CF3SCF3 34.3 65.7 12.7 88 -25 
[0078] AZeotropic compositions of the present invention at HFC-1243zf HFC'134 63-0 37-0 13-5 93 ‘25 
a speci?ed temperature are shoWn in Table 3 HFC'1243Zf HFC'134A 25'1 74'9 15'9 110 _25 

' HFC-1243zf HFC-152A 40.7 59.3 15.2 104 -25 

HFC-1243zf HFC-227ea 78.5 21.5 13.1 90 -25 
TABLE 3 HFC-1243zf propane 32.8 67.2 31.0 213 -25 

HFC-1243zf n-butane 90.3 9.7 13.5 93 -25 
Wt% Wt% T HFC-1243zf isobutane 80.7 19.3 14.3 98 -25 

ComponentA ComponentB A B Psia kPa (C.) HFC-1243Zf DME 72-7 27-3 12-0 83 “25 
cis-HFC-l234ze HFC-236ea 20.9 79.1 30.3 209 25 

HFC-1234yf HFC-32 7.4 92.6 49.2 339 -25 cis-HFC-l234ze HFC-245fa 76.2 23.8 26.1 180 25 
HFC-1234yf HFC-125 10.9 89.1 40.7 281 -25 cis-HFC-l234ze n-butane 51.4 48.6 6.08 42 -25 
HFC-1234yf HFC-134a 70.4 29.6 18.4 127 -25 cis-HFC-l234ze isobutane 26.2 73.8 8.74 60 -25 
HFC-1234yf HFC-152a 91.0 9.0 17.9 123 -25 cis-HFC-l234ze 2-methylbutane 86.6 13.4 27.2 188 25 
HFC-1234yf HFC-143a 17.3 82.7 39.5 272 -25 cis-HFC-l234ze n-pentane 92.9 7.1 26.2 181 25 
HFC-1234yf HFC-227ea 84.6 15.4 18.0 124 -25 HFC-l234ye HFC-236ea 24.0 76.0 3.35 23.1 -25 
HFC-1234yf propane 51.5 48.5 33.5 231 -25 HFC-l234ye HFC-245fa 42.5 57.5 22.8 157 25 
HFC-1234yf n-butane 98.1 1.9 17.9 123 -25 HFC-l234ye n-butane 41.2 58.8 38.0 262 25 
HFC-1234yf isobutane 88.1 11.9 19.0 131 -25 HFC-l234ye isobutane 16.4 83.6 50.9 351 25 
HFC-1234yf DME 53.5 46.5 13.1 90 -25 HFC-l234ye 2-methylbutane 80.3 19.7 23.1 159 25 
HFC-l225ye trans-HFC- 63.0 37.0 11.7 81 -25 HFC-l234ye n-pentane 87.7 12.3 21.8 150 25 

l234ze 
HFC-l225ye HFC-1243zf 40.0 60.0 13.6 94 -25 
HFC-l225ye HFC-134 52.2 47.8 12.8 88 -25 [0079] Additionally, ternary aZeotropes composition have 

been found as listed in Table 4. 

TABLE 4 

Pres Pres Temp 
Component A Component B Component C Wt % A Wt % B Wt % C (psi) (kPa) (0 C.) 

HFC-1234yf HFC-32 HFC-143A 3.9 74.3 21.8 50.02 345 -25 
HFC-1234yf HFC-32 isobutane 1.1 92.1 6.8 50.05 345 -25 
HFC-1234yf HFC-125 HFC-143A 14.4 43.5 42.1 38.62 266 -25 
HFC-1234yf HFC-125 isobutane 9.7 89.1 1.2 40.81 281 -25 
HFC-1234yf HFC-134 propane 4.3 39.1 56.7 34.30 236 -25 
HFC-1234yf HFC-134 DME 15.2 67.0 17.8 10.38 71.6 -25 
HFC-1234yf HFC-134a propane 24.5 31.1 44.5 34.01 234 -25 
HFC-1234yf HFC-134a n-butane 60.3 35.2 4.5 18.58 128 -25 
HFC-1234yf HFC-134a isobutane 48.6 37.2 14.3 19.86 137 -25 
HFC-1234yf HFC-134a DME 24.0 67.9 8.1 17.21 119 -25 
HFC-1234yf HFC-143a propane 17.7 71.0 11.3 40.42 279 -25 
HFC-1234yf HFC-143a DME 5.7 93.0 1.3 39.08 269 -25 
HFC-1234yf HFC-152a n-butane 86.6 10.8 2.7 17.97 124 -25 
HFC-1234yf HFC-152a isobutane 75.3 11.8 12.9 19.12 132 -25 
HFC-1234yf HFC-152a DME 24.6 43.3 32.1 11.78 81.2 -25 
HFC-1234yf HFC-227ea propane 35.6 17.8 46.7 33.84 233 -25 
HFC-1234yf HFC-227ea n-butane 81.9 16.0 2.1 18.07 125 -25 
HFC-1234yf HFC-227ea isobutane 70.2 18.2 11.6 19.27 133 -25 
HFC-1234yf HFC-227ea DME 28.3 55.6 16.1 15.02 104 -25 
HFC-1234yf n-butane DME 48.9 4.6 46.4 13.15 90.7 -25 
HFC-1234yf isobutane DME 31.2 26.2 42.6 14.19 97.8 -25 
HFC-1234yf DME CF31 16.3 10.0 73.7 15.65 108 -25 
HFC-1234yf DME CF3SCF3 34.3 10.5 55.2 14.57 100 -25 
HFC-l225ye trans-HFC- HFC-134 47.4 5.6 47.0 12.77 88.0 -25 
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TABLE 6-continued 

Near-azeotrope range Temp Near-azeotrope range Temp 
Components (Weight percent) (0 C.) Components (Weight percent) (0 C.) 

HFC-l234yf/HFC-l43a/propane 1-80/1-98/1-98 -25 HFC-1243Zf/HFC-152a/DME 1-98/1-98/1-98 -25 
HFC-1234yf/HFC-143a/DME 1-40/59-98/1-20 -25 HFC-l243Zf/HFC-227ea/n-butane 1-98/1-98/1-40 -25 
HFC-l234yf/HFC-l52a/n-butane 1-98/1-98/1-30 -25 HFC-l243Zf/HFC-227ea/isobutane 1-98/1-90/1-50 -25 
HFC-l234yf/HFC-l52a/isobutane 1-98/1-90/1-40 -25 HFC-1243zf/HFC-227ea/DME 1-98/1-80/1-90 -25 
HFC-1234yf/HFC-152a/DME 1-70/1-98/1-98 -25 HFC-l243Zf/n-butane/DME 1-98/1-40/1-98 -25 
HFC-l234yf/HFC-227ea/propane 1-80/1-70/29-98 -25 HFC-l243Zf/isobutane/DME 1-98/1-60/1-98 -25 
HFC-l234yf/HFC-227ea/n-butane 40-98/1-59/1-20 -25 HFC—l243Zf/isobutane/CF3I 1-98/1-40/1-98 -25 
HFC-l234yf/HFC-227ea/isobutane 30-98/1-69/1-30 -25 HFC-1243zf/DME/CF3SCF3 1-98/1-40/1-90 -25 
HFC-1234yf/HFC-227ea/DME 1-98/1-80/1-98 -25 
HFC-l234yf/n-butane/DME 1-98/1-40/1-98 -25 
HFC'1234yf/ lsobumn?/ DME 1'98/1'50/1'98 ‘25 [0082] Certain of the compositions of the present invention 
HFC-1234yf/DME/CF3I 1-98/1-98/1-98 -25 . . . Th . . f h 

HFC_1234yf/DME/CF3SCF3 1_98/1_40/1_80 _25 are non-aZeotr'op1c composltlons. ose compos1t1ons o t e 
HFC-l225ye/trans-HFC- 1-98/1-98/1-98 -25 present 1nvent1on fall1ng W1th1n the preferred ranges of Table 
1234R/HFC'134 2, but outside of the near-aZeotropic ranges of Table 5 and 
HFC-lZZSye/trans-HFC- 1-98/1-98/1-98 -25 T M 6 b .d dt b t . 
1234Z6/HFO2276a a e may e cons1 ere o e non-aZeo rop1c. 

HFC-1ZZ5YE/HaHS-HFC- 1-60/1-60/1-98 —25 [0083] A non-aZeotropic composition may have certain 
l234Ze/propane - ~ - 

HFC_1225ye/mnS_HFC_1234Ze/n_ 1_98/1_98/1_30 _25 advantages over azeotroplc 'or near aZeotrop1c mlxtures. A 
butane non-azeotroplc compos1t1on1s a mixture of tWo or more sub 
HFC-l225ye/trans-HFC-1234Ze/DME 1-98/1-98/1-98 —25 stances that behaves as a mixture rather than a single sub 

EIIZCS'éZFZSYP/UES'HFC'123426/ 1'98/1'98/1'98 '25 stance. One Way to characterize a non-aZeotropic composi 
3 3 . . . . 

HFC-l225ye/HFC-1243z?HFC-134 1-98/1-98/1-98 -25 t1_°n_ 1S lhat the VQPOF Produced by P21111211 'eVaPOFaUOI1 0r 
HFC-l225ye/HFC-l243Z?n-butane 1-98/1-98/1-30 -25 d1st1llat1on of the l1qu1d has a substantlally different compo 
HFc'l225y6/HFC4243Z171s0bumn6 1'98/1'98/1'40 ‘25 sition as the liquid from Which it Was evaporated or distilled, 
HFC'1225ye/HFC'1243Zf/DME 1'98/1'98/1'98 _25 that is the admixture distills/re?uxes With substantial com 
HFC-l225ye/HFC-1243z?CF3I 1-98/1-98/1-98 -25 _ _ ’ _ 

HFC_1ZZ5ye/HFO134/HFO15Za 1_98/1_98/1_98 _25 pos1t1on change. Another Way to characterize a non-aZeotro 
HFC-l225ye/HFC-l34/HFC-227ea 1-98/1-98/1-98 -25 p1c compos1t1on is that the bubble po1nt vapor pressure and 

EEE'EZP'TMW 1'32; 1'38; ['18 ‘i; the deW point vapor pressure of the composition at a particular 
— ye — 1S0 utane — — — — ~ ~ ~ ~ - 

HFOl 225y6/HFO1 34/DME 1_98/1_98/1_40 _25 temperature are ~substantlally different. Herein, a compos1t1on 
HFOUZWHHFOZZRMDME 40_98/1_59/1_30 _25 1s non-azeotroplc if, after 50 We1ght percent of the compos1 
HFC-l225ye/n-butane/DME 1-98/1-30/1-98 -25 non is removed, such as by evaporation or bo1l1ng off, the 
HFC-lZZ5Y@/P'b1ltaH@/CF3SCF3 1'98/1'20/1'98 ‘25 difference in vapor pressure between the original composi 
HFC'lZZSy?/lsobutam/DME 1'98/1'60/1'98 _25 tion and the com osition remainin after 50 Wei ht ercent of 
HFC-l225ye/isobutane/CF3I 1-98/1-40/1-98 -25 _ _ P _ _ g _ g P 

tranS_HFC_1234Z6/HFC_1243Zf/HFC_ 1_98/1_98/1_98 _25 the origmal compos1t1on has been removed is greater than 
227ea about 10 ercent. P 
gjtliglsc'1234Ze/HFC'1243Zf/n' 1'98/1'98/1'30 _25 [0084] The compositions of the present invention may be 
tranS_HFC_1234Ze/HFC_ 1_98/1_98/1_40 _25 prepared by convenient method to combine the desired 
l243Zf/isobutane amounts of the 1nd1v1dual components. A preferred method 15 
trans-HFC-1234ze/ HFC'1243Z1C/ DME 1'98/1'98/1'98 ‘25 to Weigh the desired component amounts and thereafter com 
trans-HFC-l234Ze/HFC-l34/HFC- 1-98/1-98/1-98 -25 - - - - - 

152a b1ne the components 1n an appropriate vessel. Ag1tat1on may 
trans-HFC-l234ze/HFC-l34/HFC- 1-98/1-98/1-98 -25 be used, If deslred 
227” [0085] An alternative means for making compositions of 
MHS'HFC'1234Ze/HFC'134/DME 1'98/1'98/1'40 _25 the resent invention ma be a method for makin a refri er 
trans-HFC-1234ze/HFC-134a/HFC- 1-98/1-98/1-98 -25 P _ _ y _ _ _ g g 
152a ant blend compos1t1on, Wherem said refrigerant blend com 
trans-HFC-l234Ze/HFC-l52a/n- 1-98/1-98/1-50 -25 position comprises a composition as disclosed herein, said 

butangFc 1234 /HFC UZHJDME 1 98/1 98/1 98 25 method comprising (i) reclaiming a volume of one or more 
trans- — Ze — — — — — ~ ~ - 

MHSHFO1234Ze/HFC_2276a/n_ 1_98/1_98/1_40 _25 components of a refrrgerant compos1t1on~ from at least one 
butane refrrgerant conta1ner, (11) removing 1mpur1t1es suf?crently to 
trans-HFC-l234Ze/n-butane/DME 1-98/1-40/1-98 -25 enable reuse of said one or more of the reclaimed compo 

mns-HFC'1234R/P'butam/CF31 1'98/1'30/1'98 ‘25 nents, (iii) and optionally, combining all or part of said 
MHS'HFC'1234Ze/lSObutane/DME 1'98/1'60/1'98 _25 reclaimed volume of com onents With at least one additional 
trans-HFC-l234Ze/isobutane/CF3l l-98/l-40/l-98 —25 _ _ _ p 
trans-HFC-l234Ze/isobutane/ 1-98/1-40/1-98 -25 refngeram compos1t1on Or Component 

3 3 re ri eran con ainer ma e an con ainer in CF SCF 0086 A f g t t y b y t 
HFC'l243Z?HFC'134/HFC'227M 1'98/1'98/1'98 _25 Which is stored a refri erant blend com osition that has been 
HFC-1243zf/HFC-134/n-butane 1-98/1-98/1-40 -25 _ _ _ g _ P _ _ _ 

HFC_1243Zf/HFC_134/DME 1_98/1_98/1_98 _25 used 1n a refrigeratlon apparatus, a1r-cond1t1on1ng apparatus 
HFC-1243Zf/HFC-134/CF3I 1-98/1-98/1-98 -25 or heat pump apparatus. Sa1d refrrgerant contamer may be the 
HFC-l243Z17HFC'134a/HFC'152a 1'98/1'98/1'98 ‘25 refrigeration apparatus, air-conditioning apparatus or heat 
HFC'l243Z?HFC'134a/n'butan6 1'98/1'98/1'40 _25 um a aratus in Which the refri erant blend Was used 
HFC-l243Zf/HFC-l52a/propane 1-70/1-70/29-98 -25 P _P_ PP _ _ g ' 
HFC_1243Z?H1-TC_152a/n_butan6 1_98/1_98/1_30 _25 Add1t1onally, the refrrgerant contamer may be a storage con 
HFC-l243z?HFC-l52a/isobutane 1-98/1-98/1-40 -25 tainer for collecting reclaimed refrigerant blend components, 

including but not limited to pressurized gas cylinders. 
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[0087] Residual refrigerant means any amount of refriger 
ant 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 compo 
nents. 

[0088] Impurities may be any component that is 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 ear 
lier 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. 
[0089] Such impurities may be removed suf?ciently to 
alloW reuse of the refrigerant blend or refrigerant blend com 
ponent Without adversely effecting the performance or equip 
ment Within Which the refrigerant blend or refrigerant blend 
component Will be used. 
[0090] It may be necessary to provide additional refrigerant 
blend or refrigerant blend component to the residual refrig 
erant blend or refrigerant blend component in order to pro 
duce a composition that meets the speci?cations 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 
speci?cation limits. 
[0091] The heat transfer ?uid compositions of the present 
invention Will have global Warming potential (GWP) that are 
less than many hydro?uorocarbon refrigerants currently in 
use. Preferably, such compositions Will also have Zero or loW 
oZone depletion potential. 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 is to 
reduce the net GWP of refrigerant mixtures by adding ?uo 
roole?ns to said mixtures. 

[0092] 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-tetra?uoroethane), R22 (or 
HCFC-22, chlorodi?uoromethane), R123 (or HFC-123, 2,2 
dichloro-1,1,l-tri?uoroethane), R11 (CFC-11, ?uorotrichlo 
romethane), R12 (CFC-12, dichlorodi?uoromethane), 
R245fa (or HFC-245fa, 1,1,1,3,3-penta?uoropropane), R114 
(or CFC-1 14, 1,2-dichloro-1,1,2,2-tetra?uoroethane), 
R236fa (or HFC-236fa, 1,1,1,3,3,3-hexa?uoropropane), 
R124 (or HCFC-124, 2-chloro-1,1,1,2-tetra?uoroethane), 
R407c (ASHRAE designation for a blend of 52 Weight per 
cent R134a, 25 Weight percent R125 (penta?uoroethane), and 
23 Weight percent R32 (di?uoromethane), 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, R422B, 
R422c and R422D, (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-tri?uoroethane), and 4.0 Weight percent R1 34a) 
and R507A (ASHRAE designation for a blend of 50 Weight 
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percent R125 and 50 Weight percent R143a). Additionally, 
the compositions of the present invention may be useful as 
replacements for R12 (CFC-12, dichlorodi?uoromethane) or 
R502 (ASHRAE designation for a blend of 51.2 Weight per 
cent CFC-115 (chloropenta?uoroethane) and 48.8 Weight 
percent HCFC-22). 
[0093] 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. Addi 
tionally, the compositions of the present invention may be 
useful as replacements for the above mentioned refrigerants 
in equipment designed to use the above-mentioned refriger 
ants. 

[0094] The compositions of the present invention may fur 
ther comprise a lubricant. Lubricants of the present invention 
comprise refrigeration lubricants, i.e. those lubricants suit 
able for use With refrigeration, air-conditioning, or heat pump 
apparatus. Among these lubricants are those conventionally 
used in compression refrigeration apparatus utiliZing chlorof 
luorocarbon refrigerants. Such lubricants and their properties 
are discussed in the 1990ASHRAE 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 ?eld of compression refrigera 
tion lubrication. Mineral oils comprise paraf?ns (i.e. straight 
chain and branched-carbon-chain, saturated hydrocarbons), 
naphthenes (i.e. cyclic para?ins) and aromatics (i.e. unsatur 
ated, cyclic hydrocarbons containing one or more rings char 
acteriZed by alternating double bonds). Lubricants of the 
present invention further comprise those commonly knoWn as 
“synthetic oils” in the ?eld of compression refrigeration 
lubrication. Synthetic oils comprise alkylaryls (i.e. linear and 
branched alkyl alkylbenZenes), synthetic paraf?ns and 
napthenes, and poly(alphaole?ns). Representative conven 
tional lubricants of the present invention are the commer 
cially available BVM 100 N (para?inic mineral oil sold by 
BVA Oils), Suniso® 3GS and Suniso® 5GS (naphthenic 
mineral oil sold by Crompton Co.), Sontex® 372LT (naph 
thenic mineral oil soldby PennZoil), Calumet® RO-30 (naph 
thenic 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 Oil). 
[0095] Lubricants of the present invention further comprise 
those that have been designed for use With hydro?uorocarbon 
refrigerants and are miscible With refrigerants of the present 
invention under compression refrigeration, air-conditioning, 
or heat pump apparatus’ operating conditions. Such lubri 
cants and their properties are discussed in “Synthetic Lubri 
cants 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 (Cas 
trol, United Kingdom), polyalkylene glycols (PAGs) such as 
RL-488A from DoW (DoW Chemical, Midland, Mich.), and 
polyvinyl ethers (PVEs). These lubricants are readily avail 
able from various commercial sources. 

[0096] Lubricants of the present invention are selected by 
considering a given compressor’s requirements and the envi 
ronment 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 400 C. 
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[0097] 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 ?eld 
of refri geration 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 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 about 
0.1% to as much as about 3% of each additive. These additives 
are selected on the basis of the individual system require 
ments. 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 compo 
sitions of the present invention. Other antiWear additives 
include natural product oils and assymetrical polyhydroxyl 
lubrication additives such as Synergol TMS (International 
Lubricants). Similarly, stabiliZers such as anti oxidants, 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. 
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[0098] The compositions of the present invention may fur 
ther comprise about 0.01 Weight percent to about 5 Weight 
percent of an additive such as, for example, a stabiliZer, free 
radical scavenger and/or antioxidant. Such additives include 
but are not limited to, nitromethane, hindered phenols, 
hydroxylamines, thiols, phosphites, or lactones. Single addi 
tives or combinations may be used. 

[0099] The compositions of the present invention may fur 
ther comprise about 0.01 Weight percent to about 5 Weight 
percent of a Water scavenger (drying compound). Such Water 
scavengers may comprise ortho esters such as trimethyl-, 
triethyl-, or tripropylortho forrnate. 
[0100] The compositions of the present invention may fur 
ther comprise a tracer selected from the group consisting of 
hydro?uorocarbons (HFCs), deuterated hydrocarbons, deu 
terated hydro?uorocarbons, per?uorocarbons, ?uoroethers, 
brominated compounds, iodated compounds, alcohols, alde 
hydes, ketones, nitrous oxide (N 20) 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 composi 
tion, as described in US. patent application Ser. No. 11/062, 
044, ?led Feb. 18, 2005. 
[0101] Typical tracer compounds for use in the present 
compositions are listed in Table 7. 

TABLE 7 

Compound Structure 

Deuterated hydrocarbons and hydro?uorocarbons 

Ethane-d6 
Propane-d8 
HFC-32-d2 
HFC-134a-d2 
HFC- 143 a-d3 
HFC-125-d 
HFC-227ea-d 
HFC-227ca-d 
HFC-134-d2 
HFC-236fa-d2 
HFC-245 cb-d3 
HFC-263 fb-d2* 
HFC-263 fb-d3 
Fluoroethers 

HFOC- l 25 E 
HFOC- l 34aE 
HFOC- 143 aE 
HFOC-227eaE 
HFOC-236faE 

HFE-42-l lmcc (or Freon ® E1) 
Freon ® E2 
Hydro?uorocarbons 

HFC-23 
HFC- l 61 
HFC- 1 52a 
HFC- l 34 
HFC-227ea 
HFC-227ca 
HFC-236cb 
HFC-236ea 
HFC-236fa 
HFC-245 cb 
HFC-245 fa 
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TABLE 7-c0ntinued 

PFC-C51-12mycm 
PFC-C51-12mym, 
PFC-C51-12mym, 
Per?uoromethylcyclo-p entane 
Per?uoromethylcyclo-hexane 
Perfluorodimethylcyclo-hexane 
(ortho, meta, or para) 
Perfluoroethylcyclohexane 
Per?uoroindan 

Per?uorotrimethylcyclo-hexane 
(all possible isomers) 
Per?uoroisopropylcyclo-hexane 
Perfluorodecalin 

(cis or trans, trans shoWn) 

Perfluoromethyldecalin (cis or trans 
and all additional possible isomers) 

Brominated compounds 

Bromomethane 
Bromo?uoromethane 
Bromodifluoromethane 

CUFZO (see structure beloW) 
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TABLE 7-continued 
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Compound Structure 

Dibromofluoromethane CHFBr2 
Tribromomethane CHBr3 
Bromoethane CH3CH2Br 
Bromoethene CH2:CHBr 
1,2-dibromoethane CHZBrCHZBr 
1—bromo-1,2—di?uoroethene CFBr:CHF 
Iodated compounds 

Iodotrifluoromethane CF31 
Di?uoroiodomethane CHFZI 
Fluoroiodomethane CHZFI 
1,1 ,2-tri?uoro- 1 —iodoethane CFZICHZF 
1,1 ,2,2—tetrafluoro— l-iodoethane CFZICHF2 
1,1 ,2,2—tetrafluoro— 1 ,2-diiodoethane CFZICFZI 
Iodopentafluorobenzene C6F5I 
Alcohols 

Ethanol CH3CH2OH 
n-propanol CH3CH2CH2OH 
Isopropanol CH3CH(OH)CH3 
Aldehydes and Ketones 

Acetone (2-propanone) CH3C(O)CH3 
n-propanal CH3CH2CHO 
n-butanal CH3CH2CH2CHO 
Methyl ethyl ketone (2-butanone) CH3C(O)CH2CH3 
Other 

Nitrous oxide N20 

[0102] The compounds listed in Table 7 are available com 
mercially (from chemical supply houses) or may be prepared 
by processes known in the art. 

Single tracer compounds may be used in combina [0103] 
tion with the heat transfer ?uid 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 con 
tain 2 or more deuterated hydro?uorocarbons, or one deuter 
ated hydro?uorocarbon in combination with one or more 
per?uorocarbons. 
[01 04] Additionally, some of the compounds in Table 7 
exist as multiple isomers, structural or optical. Single isomers 
or multiple isomers of the same compound may be used in any 
proportion to prepare the tracer compound. Further, single or 
multiple isomers of a given compound may be combined in 
any proportion with any number of other compounds to serve 
as a tracer blend. 

[0105] The tracer compound or tracer blend may be present 
in the compositions at a total concentration of about 50 parts 
per million by weight (ppm) to about 1000 ppm. Preferably, 
the tracer compound or tracer blend is present at a total 
concentration of about 50 ppm to about 500 ppm and most 
preferably, the tracer compound or tracer blend is present at a 
total concentration of about 100 ppm to about 300 ppm. 

[0106] The compositions of the present invention may fur 
ther comprise a compatibiliZer selected from the group con 
sisting of polyoxyalkylene glycol ethers, amides, nitriles, 
ketones, chlorocarbons, esters, lactones, aryl ethers, ?uoro 
ethers and 1,1,1-tri?uoroalkanes. The compatibiliZer is used 
to improve solubility of hydro?uorocarbon refrigerants in 
conventional refrigeration lubricants. Refrigeration lubri 

cants are needed to lubricate the compressor of a refrigera 
tion, 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. 

[0107] Hydro?uorocarbon refrigerants are generally not 
compatible with convention refrigeration lubricants such as 
mineral oils, alkylbenZenes, synthetic paraf?ns, synthetic 
napthenes and poly(alpha)ole?ns. Many replacement lubri 
cants have been proposed, however, the polyalkylene glycols, 
polyol esters and polyvinyl ethers, suggested for use with 
hydro?uorocarbon refrigerants are expensive and absorb 
water readily. Water in a refrigeration, air-conditioning sys 
tem or heat pump can lead to corrosion and the formation of 
particles that may plug the capillary tubes and other small 
ori?ces in the system, ultimately causing system failure. 
Additionally, in existing equipment, time-consuming and 
costly ?ushing procedures are required to change to a new 
lubricant. Therefore, it is desirable to continue to use the 
original lubricant if possible. 
[0108] The compatibiliZers of the present invention 
improve solubility of the hydro?uorocarbon refrigerants in 
conventional refrigeration lubricants and thus improve oil 
return to the compressor. 

[0109] Polyoxyalkylene glycol ether compatibiliZers of the 
present invention are represented by the formula R1[(OR2) 
xOR3]y, wherein: x is an integer from 1-3; y is an integer from 
1-4; R1 is selected from hydrogen and aliphatic hydrocarbon 
radicals having 1 to 6 carbon atoms and y bonding sites; R2 is 
selected from aliphatic hydrocarbylene radicals having from 
2 to 4 carbon atoms; R3 is selected from hydrogen and ali 
phatic and alicyclic hydrocarbon radicals having from 1 to 6 
carbon atoms; at least one of R1 and R3 is said hydrocarbon 
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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. Hydro 
carbylene radicals mean divalent hydrocarbon radicals. In the 
present invention, preferred polyoxyalkylene glycol ether 
compatibiliZers are represented by R1[(OR2)xOR3]y: x is 
preferably 1-2; y is preferably 1; R1 and R3 are preferably 
independently selected from hydrogen and aliphatic hydro 
carbon radicals having 1 to 4 carbon atoms; R2 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 about 100 to about 250 atomic mass units, most prefer 
ably from about 125 to about 250 atomic mass units. The R1 
and R3 hydrocarbon radicals having 1 to 6 carbon atoms may 
be linear, branched or cyclic. Representative R1 and R3 hydro 
carbon radicals include methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neo 
pentyl, tert-pentyl, cyclopentyl, and cyclohexyl. Where free 
hydroxyl radicals on the present polyoxyalkylene glycol 
ether compatibiliZers may be incompatible With certain com 
pression refrigeration apparatus materials of construction 
(e.g. Mylar®), R1 and R3 are preferably aliphatic hydrocar 
bon radicals having 1 to 4 carbon atoms, most preferably 1 
carbon atom. The R2 aliphatic hydrocarbylene radicals hav 
ing from 2 to 4 carbon atoms form repeating oxyalkylene 
radicals i(OR2 xi that include oxyethylene radicals, 
oxypropylene radicals, and oxybutylene radicals. The oxy 
alkylene radical comprising R2 in one polyoxyalkylene gly 
col ether compatibiliZer molecule may be the same, or one 
molecule may contain different R2oxyalkylene groups. The 
present polyoxyalkylene glycol ether compatibiliZers prefer 
ably comprise at least one oxypropylene radical. Where R1 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 Rl 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 radi 
cal and a cyclohexylene radical. Representative Rl aliphatic 
hydrocarbon radicals having three or four bonding sites 
include residues derived from polyalcohols, such as trimethy 
lolpropane, glycerin, pentaerythritol, 1,2,3-trihydroxycyclo 
hexane and 1,3,5-trihydroxycyclohexane, by removing their 
hydroxyl radicals. 
[0110] Representative polyoxyalkylene glycol ether com 
patibiliZers include but are not limited to: CH3OCH2CH 
(CH3)O(H or CH3) (propylene glycol methyl (or dimethyl) 
ether), CH3O[CH2CH(CH3)O]2(H or CH3) (dipropylene 
glycol methyl (or dimethyl)ether), CH3O[CH2CH(CH3)O] 
3(H or CH3) (tripropylene glycol methyl (or dimethyl)ether), 
C2H5OCH2CH(CH3)O(H or CZHS) (propylene glycol ethyl 
(or diethyl)ether), C2H5O[CH2CH(CH3)O]2(H or CZHS) 
(dipropylene glycol ethyl (or diethyl)ether), C2H5O[CH2CH 
(CH3)O]3(H or CZHS) (tripropylene glycol ethyl (or diethyl) 
ether), C3H7OCH2CH(CH3)O(H or C3H7) (propylene glycol 
n-propyl (or di-n-propyl)ether), C3H7O[CH2CH(CH3)O]2(H 
or C3H7) (dipropylene glycol n-propyl (or di-n-propyl)ether), 
C3H7O[CH2CH(CH3)O]3(H or C3H7) (tripropylene glycol 
n-propyl (or di-n-propyl)ether), C4H9OCH2CH(CH3)OH 
(propylene glycol n-butyl ether), C4H9O[CH2CH(CH3)O] 
2(H or C4H9) (dipropylene glycol n-butyl (or di-n-butyl) 
ether), C4H9O[CH2CH(CH3)O]3(H or C4H9) (tripropylene 
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glycol n-butyl (or di-n-butyl)ether), (CH3)3COCH2CH(CH3) 
OH (propylene glycol t-butyl ether), (CH3)3CO[CH2CH 
(CH3)O]2(H or (CH3)3) (dipropylene glycol t-butyl (or di-t 
butyl)ether), (CH3)3CO[CH2CH(CH3)O]3(H or (CH3)3) 
(tripropylene glycol t-butyl (or di-t-butyl)ether), 
C5H11OCH2CH(CH3)OH (propylene glycol n-pentyl ether), 
C4H9OCH2CH(C2H5)OH (butylene glycol n-butyl ether), 
C4H9O[CH2CH(C2H5)O]2H (dibutylene glycol n-butyl 
ether), trimethylolpropane tri-n-butyl ether (C2H5C(CH2i 
Oi(CH2)3CH3)3) and trimethylolpropane di-n-butyl ether 
(C2H5C(CH2OC(CH2)3CH3)ZCHZOH). 
[0111] Amide compatibiliZers of the present invention 
comprise those represented by the formulae RlC(O)NR2R3 
and cyclo-[R4C(O)N(R5)], Wherein R1, R2, R3 and R5 are 
independently selected from aliphatic and alicyclic hydrocar 
bon radicals having from 1 to 12 carbon atoms; R4 is selected 
from aliphatic hydrocarbylene radicals having from 3 to 12 
carbon atoms; and Wherein said amides have a molecular 
Weight of from about 100 to about 300 atomic mass units. The 
molecular Weight of said amides is preferably from about 160 
to about 250 atomic mass units. R1, R2, R3 and R5 may 
optionally include substituted hydrocarbon radicals, that is, 
radicals containing non-hydrocarbon substituents selected 
from halogens (e.g., ?uorine, chlorine) and alkoxides (e.g. 
methoxy). R1, R2, R3 and R5 may optionally include heteroa 
tom-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 sub 
stituents and heteroatoms, and preferably no more than one, 
Will be present for each 10 carbon atoms in R1'3, and the 
presence of any such non-hydrocarbon substituents and het 
eroatoms must be considered in applying the aforementioned 
molecular Weight limitations. Preferred amide compatibiliZ 
ers consist of carbon, hydrogen, nitrogen and oxygen. Rep 
resentative R1, R2, R3 and R5 aliphatic and alicyclic hydro 
carbon radicals include methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neo 
pentyl, tert-pentyl, cyclopentyl, cyclohexyl, heptyl, octyl, 
nonyl, decyl, undecyl, dodecyl and their con?gurational iso 
mers. A preferred embodiment of amide compatibiliZers are 
those Wherein R4 in the aforementioned formula cyclo-[R4C 
(O)N(R5 )i] may be represented by the hydrocarbylene radi 
cal (CR6R7)n, in other Words, the formula: cyclo-[(CR6R7)nC 
(O)N(R5)i] Wherein: the previously-stated values for 
molecular Weight apply; n is an integer from 3 to 5; R5 is a 
saturated hydrocarbon radical containing 1 to 12 carbon 
atoms; R6 and R7 are independently selected (for each n) by 
the rules previously offered de?ning R1'3. In the lactams 
represented by the formula: cyclo-[(CR6R7)nC(O)N(R5)i], 
all R6 and R7 are preferably hydrogen, or contain a single 
saturated hydrocarbon radical among the n methylene units, 
and R5 is a saturated hydrocarbon radical containing 3 to 12 
carbon atoms. For example, 1-(saturated hydrocarbon radi 
cal)-5-methylpyrrolidin-2-ones. 
[0112] Representative amide compatibiliZers include but 
are not limited to: 1-octyl pyrrolidin-2-one, 1-decylpyrroli 
din-2-one, 1-octyl-5-methylpyrrolidin-2-one, 1-butylcapro 
lactam, 1-cyclohexylpyrrolidin-2-one, 1-butyl-5-methylpip 
erid-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-dimeth 


















