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(57) ABSTRACT 
The present invention is related to refrigerant and lubricant 
compositions containing performance-enhancing additives. 
The performance enhancing additives are found to improve 
the energy efficiency and capacity of vapor compression 
refrigeration and air conditioning systems, Which utilize 

10/638,230 hydro?uorocarbon refrigerants (e.g. HFC-134a) and oXy 
genated refrigeration lubricants (e.g. POEs, PAGs and 

Aug. 7, 2003 PVEs). 
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REFRIGERANT COMPOSITIONS COMPRISING 
PERFORMANCE ENHANCING ADDITIVES 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the priority bene?t of US. 
Provisional Application 60/402,364, ?led Aug. 8, 2002. 

FIELD OF THE INVENTION 

[0002] The present invention is related to refrigerant and 
lubricant compositions containing performance-enhancing 
additives. The performance enhancing additives are found to 
improve the energy efficiency and/or the capacity of vapor 
compression refrigeration and air conditioning systems, 
Which utiliZe hydro?uorocarbon refrigerants and oxygen 
ated refrigeration lubricants. 

BACKGROUND 

[0003] Environmental concerns regarding excessive 
energy consumption has prompted many industries to 
modify their commercial products and/or equipment designs 
to conserve more energy. Consistent With this objective of 
energy conservation, the refrigeration and air-conditioning 
industries are constantly seeking to improve energy effi 
ciency of vapor compression refrigeration and air-condition 
ing systems. For example, additives have been added to the 
refrigerant/lubricant mixture in order to increase the effi 
ciency of vapor compression refrigeration and air-condition 
ing systems. The additive primarily suggested Was tetraeth 
ylene glycol dimethyl ether or tetraglyme. HoWever, 
tetraglyme, and similar glycol ethers With ethylene repeat 
units have been knoWn to exhibit negative reproductive 
health effects, Which clearly makes them undesirable for use 
in this application. 

[0004] Other suggestions have been proposed to address 
this problem including changes in the design of refrigeration 
and air-conditioning systems. Unfortunately, many of these 
suggestions introduce additional complications or disadvan 
tages into the refrigeration and air-conditioning systems. 

[0005] Accordingly, there is a need for non-toxic, perfor 
mance-enhancing additives that Will improve the energy 
efficiency and the capacity of vapor-compression refrigera 
tion and air-conditioning systems. 

SUMMARY 

[0006] The present invention is directed to compositions 
containing commercially acceptable performance enhancing 
additives selected from the group consisting of polyoxy 
alkylene glycol ethers, amides, nitriles, chlorocarbons, aryl 
ethers 1,1,1-tri?uoroalkanes, ?uoroethers, lactones, esters, 
croWn compounds, cyclodextrins, and calixarenes. The 
aforementioned compositions also contain at least one 
hydro?uorocarbon (HFC), per?uorocarbon (PFC), hydrof 
luoroether (HFE), ammonia and/or carbon dioxide refriger 
ant and at least one polyol ester (POE), polyalkylene glycol 
(PAG), or polyvinyl ether (PVE) lubricants. 

[0007] It has been discovered that the use of said additives 
improves the energy efficiency and/or the capacity of vapor 
compression refrigeration and air-conditioning systems. The 
additives increase the solubility of refrigerants, such as 
hydro?uorocarbons (HFCs), per?uorocarbons (PFCs), 
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hydro?uoroether (HFE), ammonia and carbon dioxide, in 
refrigeration lubricants such as polyol esters (POEs), poly 
alkylene glycols (PAGs), or polyvinyl ethers (PVEs). This 
increased solubility results in an increase in the heat of 
vaporiZation or latent heat. Increased heat of vaporiZation 
improves energy efficiency, as Well as cooling and heating 
capacity of vapor compression refrigeration and air-condi 
tioning systems. Additionally, the present additives solubi 
liZe marginally soluble fractions, such as loW molecular 
Weight oligomers and plasticiZers that are typically present 
and problematic in vapor compression refrigeration systems. 

BRIEF DESCRIPTION OF THE FIGURE 

[0008] These and other features, aspects, and advantages 
of the present invention Will become better understood With 
regard to the folloWing description, appended claims, and 
accompanying FIGURE Where: 

[0009] FIG. 1 is a graph of HFC-134a absorption (mass 
%) versus time for POE 22 (Mobil Oil product Arctic EAL 
22), and the compositions: 70 Wt % POE 22, 30 Wt % 1-octyl 
pyrrolidin-2-one (OP); and 70 Wt % POE 22, 30 Wt % 
dipropylene glycol dimethyl ether (DMM) as described in 
Example 2. 

DETAILED DESCRIPTION 

[0010] The present inventors discovered that using an 
effective amount of the present additives in vapor-compres 
sion refrigeration and air-conditioning equipment improves 
performance of these systems. When the additive is com 
bined With POE, PAG or PVE lubricants and refrigerants 
selected from the group consisting of hydro?uorocarbons 
(HFCs), per?uorocarbons (PFCs), hydro?uoroethers 
(HFEs), ammonia and carbon dioxide in a refrigeration 
system, an improvement in energy efficiency and/or capacity 
occurs. The present additives improve the energy efficiency 
and cooling capacity of a vapor-compression refrigeration 
system by increasing the heat of vaporiZation upon desorp 
tion of the refrigerant from the lubricant and additive 
composition in the evaporator. Without Wishing to be bound 
by theory, it is believed that breaking the attractions betWeen 
the refrigerant and the polar, functional group-containing 
additive results in the increase in heat of vaporiZation. 
LikeWise, the additives improve the heating capacity of such 
a system by increasing the heat of solution upon absorption 
of the refrigerant into the lubricant and additive composition 
in the condenser. 

[0011] The present additives also solubiliZe loW molecular 
Weight oligomers, contained in polymers such as Mylar® 
and other polyesters. The additives also solubiliZe plasticiZ 
ers, such as phthalate esters, stearates and other marginally 
soluble fractions, Which can be extracted from elastomers or 
polymers by the HFC, PFC or HFE refrigerants, ammonia or 
carbon dioxide refrigerants or by POE, PAG or PVE lubri 
cants. These extracted fractions can be redeposited in heat 
exchangers and expansion devices and cause loss of heat 
transfer and pluggage of tubes and control devices. By 
keeping these oligomers and plasticiZers in solution, they do 
not form harmful deposits, thus increasing reliability, energy 
efficiency and overall performance of compression refrig 
eration equipment. 

[0012] In the present compositions comprising lubricant 
and additive, from about 1 to about 99 Weight percent, 
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preferably from about 1 to about 60 Weight percent, most 
preferably about 1 to about 20 Weight percent of the com 
bined lubricant and additive composition is additive. In 
terms of Weight ratios, in the present compositions compris 
ing lubricant and additive, the Weight ratio of lubricant to 
additive is from about 99:1 to about 1:99, preferably from 
about 99:1 to about 40:60, most preferably about 99:1 to 
about 80:20. Additive may be charged to vapor-compres 
sion, refrigeration and air-conditioning systems as a com 
position of additive, HFCs, PFCs, HFEs, ammonia and/or 
carbon dioXide refrigerant. When charging compression 
refrigeration and air-conditioning systems, the additive and 
refrigerant composition Will typically contain from about 0.1 
to about 20 Weight percent, preferably from about 0.1 to 
about 10 Weight percent additive in the combined additive 
and refrigerant composition. In vapor-compression refrig 
eration and air-conditioning systems containing the present 
compositions comprising HFCs, PFCs, HFEs, ammonia 
and/or carbon dioXide, lubricant and additive, from about 1 
to about 70 Weight percent, preferably from about 1 to about 
60 Weight percent of the refrigerant, lubricant and additive 
composition is lubricant and additive. 

[0013] Fluorocarbon refrigerants of the present invention 
contain at least one carbon atom and one ?uorine atom. Of 
particular utility are ?uorocarbons having 1-6 carbon atoms 
containing at least one ?uorine atom, optionally containing 
oXygen atoms, and having a normal boiling point of from 
—90° C. to 80° C. These ?uorocarbons may be represented 
by the general formula CXF2X+2_yHyOZ, Wherein X is 1-6, y 
is 0-9, and Z is 0-2. Fluorocarbon refrigerants thus include 
hydro?uorocarbons (HFCs), and per?uorocarbons (PFCs), 
and hydro?uoroethers Preferred of the ?uorocar 
bons are those in Which X is 1-6, y is 1-5 and Z is 0-1. 
Fluorocarbons are commercial products available from a 
number of sources such as E. I. du Pont de Nemours & Co., 
Fluoroproducts, Wilmington, Del., 19898, USA, and addi 
tionally by synthetic processes disclosed in art such as 
Chemistry of Organic Fluorine Compounds, edited by Milos 
Hudlicky, published by The MacMillan Company, NeW 
York, NY, 1962. Representative ?uorocarbons include: 
CHF3 (HFC-23), CHZF2 (HFC-32), CH3F (HFC-41), 
CF3CF3 (PFC-116), CHFZCF3 (HFC-125), CHFZCHF2 
(HFC-134), CHZFCF3 (HFC-134a), CHFZCHZF (HFC143), 
CF3CH3 (HFC-143a), CHFZCH3 (HFC-152a), CHZFCH3 
(HFC-161), CF3CF2CF3 (PFC-218), CHFZCFZCF3 (HFC 
227ca, CF3CFHCF3 (HFC-227ea), CHFZCFZCHF2 (HFC 
236ca), CHZFCFZCF3 (HFC-236cb), CHFZCHFCF3 (HFC 
236ea), CF3CH2CF3 (HFC-236fa), CHZFCFZCHF2 (HFC 
245ca), CH3CF2CF3 (HFC-245cb), CHFZCHFCHF2 (HFC 
245ea), CHZFCHFCF3 (HFC-245eb), CHFZCHZCF3 (HFC 
245fa), CHZFCFZCHZF (HFC-254ca), CHZCFZCHF2 (HFC 
254cb), CHZFCHFCHF2 (HFC-254ea), CH3CHFCF3 (HFC 
254eb), CHFZCHZCHF2 (HFC-254fa), CHZFCHZCF3 (HFC 
254fb), CH3CF2CH3 (HFC-272ca), CH3CHFCH2F (HFC 
272ea), CHZFCHZCHZF (HFC-272fa), CH3CH2CF2H 
(HFC-272fb), CH3CHFCH3 (HFC-281ea), CH3CH2CH2F 
(HFC-281fa), cyclo-C4F8 (PFC-C318), CHFZCFZCFZCFZH 
(HFC-338pcc), CF3CHFCHFCF2CF3 (HFC-43-10mee), 
C4F9OCH3, and C4F9OC2H5. 
[0014] The ?uorocarbon refrigerants of the present inven 
tion may optionally further comprise aZeotropic and aZeo 
trope-like ?uorocarbon refrigerant compositions, such as, 
HFC-125/HFC-143a/HFC-134a (known by the ASHRAE 
designation, R-404A), HFC-32/HFC-125/HFC-134a 
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(knoWn by ASHRAE designations, R-407A, R-407B, and 
R-407C), HFC-32/HFC-125 (R-410A), and HFC-125/HFC 
143a (knoWn by the ASHRAE designation: R-507). 

[0015] Refrigerants of the present invention further com 
prise ammonia and/or carbon dioXide. Additionally, refrig 
erants may comprise mixtures of ?uorocarbon refrigerants 
and ammonia and/or carbon dioXide. 

[0016] Refrigerants of the present invention may option 
ally further comprise up to 10 Weight percent of dimethyl 
ether or at least one C3 to C5 hydrocarbon, e.g., propane, 
propylene, cyclopropane, n-butane, i-butane, and n-pentane. 
Examples of ?uorocarbons containing such C3 to C5 hydro 
carbons are aZeotrope-like compositions of HFC-125/HFC 
134a/n-butane (knoWn by the ASHRAE designation 
R-417A). 
[0017] Refrigeration lubricants of the present invention 
are those Which have been designed for use With hydrof 
luorocarbon refrigerants and are miscible With ?uorocarbons 
of the present invention under compression refrigeration and 
air-conditioning systems’ 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. Typical refrigeration lubricants have 
viscosity of at least 9 centistokes at 40 degrees Celsius. 
Refrigeration lubricants include, but are not limited to, 
polyol esters (POEs), polyalkylene glycols (PAGs), and 
polyvinyl ethers (PVEs). 

[0018] Additives of the present invention comprise poly 
oXyalkylene glycol ethers represented by the formula 
R1[(OR2)XOR3]y, Wherein: X is selected from integers from 
1-3; y is selected from integers 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 3 to 4 carbon 
atoms; R3 is selected from hydrogen and aliphatic and 
alicyclic hydrocarbon radicals having from 1 to 6 carbon 
atoms; at least one of R1 and R3 is said hydrocarbon radical; 
and Wherein said polyoXyalkylene glycol ethers have a 
molecular Weight of from about 100 to about 300 atomic 
mass units and a carbon to oXygen ratio of from about 2.3 
to about 5.0. In the present invention, polyoXyalkylene 
glycol ether additives 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 
3 or 4 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 
preferably from about 125 to about 250 atomic mass units; 
and the polyoXyalkylene glycol ether carbon to oXygen ratio 
is preferably from about 2.5 to 4.0, most preferably from 
about 2.7 to about 3.5. The R1 and R3 hydrocarbon radicals 
having 1 to 6 carbon atoms may be linear, branched or 
cyclic. Representative R1 and R3 hydrocarbon radicals 
include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, tert-pen 
tyl, cyclopentyl, and cycloheXyl. Where free hydroXyl radi 
cals on the present polyoXyalkylene glycol ether additives 
may be incompatible With certain compression refrigeration 
apparatus materials of construction (e.g. Mylar®), R1 and R3 
are preferably aliphatic hydrocarbon radicals having 1 to 4 
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carbon atoms, most preferably 1 carbon atom. The R2 
aliphatic hydrocarbylene radicals having from 3 to 4 carbon 
atoms form repeating oxyalkylene radicals —(OR2)X— that 
include oxypropylene radicals and oxybutylene radicals. 
The oxyalkylene radical comprising R2 in one polyoxyalky 
lene glycol ether additive molecule may be the same, or one 
molecule may contain different R2 oxyalkylene groups. The 
present polyoxyalkylene glycol ether additives preferably 
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 R1 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 R1 aliphatic 
hydrocarbon radicals having three or four bonding sites 
include residues derived from polyalcohols, such as trim 
ethylolpropane, glycerin, pentaerythritol, 1,2,3-trihydroxy 
cyclohexane and 1,3,5-trihydroxycyclohexane, by removing 
their hydroxyl radicals. 

[0019] Representative polyoxyalkylene glycol ether addi 
tives include: 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) (propy 
lene 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 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) (dipropy 
lene 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 (dibuty 
lene glycol n-butyl ether), trimethylolpropane tri-n-butyl 
ether (C2H5C(CH2O(CH2)3CH3)3) and trimethylolpropane 
di-n-butyl ether (CZHSC(CH2OC(CH2)3CH3)2CH2OH). 
[0020] The polyoxyalkylene glycol ether additives gener 
ally have a kinematic viscosity of less than about 5 centis 
tokes at 40° C. For instance, dipropylene glycol dimethyl 
ether (DMM) has kinematic viscosity of 0.90 centistokes at 
40° C. and dipropylene glycol methyl ether has viscosity of 
2.7 centistokes at 40° C. 

[0021] Additives of the present invention further comprise 
amides represented by the formulae R1CONR2R3 and cyclo 
[R4CON(R5)—], Wherein R1, R2, R3 and R5 are indepen 
dently selected from aliphatic and alicyclic hydrocarbon 
radicals having from 1 to 12 carbon atoms, and at most one 
aromatic radical having from 6 to 12 carbon atoms; R4 is 
selected from aliphatic hydrocarbylene radicals having from 
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3 to 12 carbon atoms; and Wherein said amides have a 
molecular Weight of from about 120 to about 300 atomic 
mass units and a carbon to oxygen ratio of from about 7 to 
about 20. The molecular Weight of said amides is preferably 
from about 120 to about 250 atomic mass units. The carbon 
to oxygen ratio in said amides is preferably from about 7 to 
about 16, and most preferably from about 10 to about 14. R1, 
R2, R3 and R5 may optionally include substituted radicals, 
that is, radicals containing non-hydrocarbon substituents 
selected from halogens (e.g., ?uorine, chlorine) and alkox 
ides (e.g. methoxy). R1, R2, R3 and R5 may optionally 
include heteroatom-substituted 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-hydrocar 
bon substituents and heteroatoms, and preferably no more 
than one, Will be present for each 10 carbon atoms in R1‘3 
and R5, and the presence of any such non-hydrocarbon 
substituents and heteroatoms must be considered in applying 
the aforementioned ratio of carbon to oxygen and molecular 
Weight limitations. Preferred amide additives consist of 
carbon, hydrogen, nitrogen and oxygen. Representative R1, 
R2, R3 and R5 aliphatic and alicyclic hydrocarbon radicals 
include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, tert-pen 
tyl, cyclopentyl, cyclohexyl, heptyl, octyl, nonyl, decyl, 
undecyl, dodecyl and their con?gurational isomers. Repre 
sentative R1, R2, R3 and R5 aromatic radicals include phenyl, 
cumenyl, mesityl, tolyl, xylyl, benZyl, phenethyl, thienyl, 
furyl, pyrrolyl and pyridyl. A preferred embodiment of 
amide additives are those Wherein R4 in the aforementioned 
formula cyclo-[R4CON(R5)—] may be represented by the 
hydrocarbylene radical (CR6R7)n, in other Words, the for 
mula: cyclo-[(CR6R7)nCON(R5)—] Wherein: the previ 
ously-stated values for (a) ratio of carbon to oxygen and (b) 
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)nCON(R5)—], 
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. 
[0022] Representative amide additives include: 1-oc 
tylpyrrolidin-2-one, 1-decylpyrrolidin-2-one, 1-octyl-5-me 
thylpyrrolidin-2-one, 1-butylcaprolactam, 1-isobutylcapro 
lactam, 1-cyclohexylpyrrolidin-2-one, 1-cyclohexyl-5 
methylpyrrolidin-2-one, 1-butyl-5-methylpiperid-2-one, 
1-pentyl-5-methylpiperid-2-one, 1-hexylcaprolactam, 
1-hexyl-5-methylpyrrolidin-2-one, 1-heptyl-5-methylpyrro 
lidin-2-one, 1-nonyl-5-methylpyrrolidin-2-one, 1-undecyl 
5-methylpyrrolidin-2-one, 1-dodecyl-5-methylpyrrolidin-2 
one, 5-methyl-1-pentylpiperid-2-one, 1,3-dimethylpiperid 
2-one, 1-methylcaprolactam, 1-butyl-pyrrolidin-2-one, 1,5 
dimethylpiperid-2-one, 1-decyl-5-methylpyrrolidin-2-one, 
1-dodecylpyrrolid-2-one, N,N-dibutylformamide and N,N 
diisopropylacetamide. 
[0023] Additives of the present invention further comprise 
nitriles represented by the formula RlCN, Wherein R1 is 
selected from aliphatic, alicyclic or aryl hydrocarbon radi 
cals having from 5 to 12 carbon atoms, and Wherein said 
nitriles have a molecular Weight of from about 90 to about 
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200 atomic mass units and a carbon to nitrogen ratio of from 
about 6 to about 12. R1 in said nitrile additives is preferably 
selected from aliphatic and alicyclic hydrocarbon radicals 
having 8 to 10 carbon atoms. The molecular Weight of said 
nitrile additives is preferably from about 120 to about 140 
atomic mass units. The carbon to nitrogen ratio in said nitrile 
additives is preferably from about 8 to about 9. R1 may 
optionally include substituted hydrocarbon radicals, that is, 
radicals containing non-hydrocarbon substituents selected 
from halogens (e.g., ?uorine, chlorine) and alkoXides (e.g. 
rnethoXy). R1 may optionally include heteroatorn-substituted 
hydrocarbon radicals, that is, radicals Which contain the 
atoms nitrogen (aZa-), oXygen (keto-, oXa-) or sulfur (thia-) 
in a radical chain otherWise composed of carbon atoms. In 
general, no more than three non-hydrocarbon substituents 
and heteroatorns, and preferably no more than one, Will be 
present for each 10 carbon atoms in R1, and the presence of 
any such non-hydrocarbon substituents and heteroatorns 
must be considered in applying the aforementioned ratio of 
carbon to nitrogen and molecular Weight lirnitations. Rep 
resentative R1 aliphatic, alicyclic and aryl hydrocarbon radi 
cals in the general formula R1CN include pentyl, isopentyl, 
neopentyl, tert-pentyl, cyclopentyl, cycloheXyl, heptyl, 
octyl, nonyl, decyl, undecyl, dodecyl and their con?gura 
tional isorners, as Well as phenyl, benZyl, curnenyl, rnesityl, 
tolyl, Xylyl and phenethyl. 

[0024] Representative nitrile additives include: 1-cyano 
pentane, 2,2-dirnethyl-4-cyanopentane, 1-cyanoheXane, 
1-cyanoheptane, 1-cyanooctane, 2-cyanooctane, 1-cyanon 
onane, 1-cyanodecane, 2-cyanodecane, 1-cyanoundecane 
and 1-cyanododecane. 

[0025] Additives of the present invention further comprise 
chlorocarbons represented by the formula RClX, Wherein; X 
is selected from the integers 1 or 2; R is selected from 
aliphatic and alicyclic hydrocarbon radicals having 1 to 12 
carbon atoms; and Wherein said chlorocarbons have a 
molecular Weight of from about 100 to about 200 atomic 
mass units and carbon to chlorine ratio from about 2 to about 
10. The molecular Weight of said chlorocarbon additives is 
preferably from about 120 to 150 atomic mass units. The 
carbon to chlorine ratio in said chlorocarbon additives is 
preferably from about 6 to about 7. Representative R ali 
phatic and alicyclic hydrocarbon radicals in the general 
formula RCLi include methyl, ethyl, propyl, isopropyl, butyl, 
isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, 
tert-pentyl, cyclopentyl, cycloheXyl, heptyl, octyl, nonyl, 
decyl, undecyl, dodecyl and their con?gurational isorners. 

[0026] Representative chlorocarbon additives include: 
3-(chlorornethyl)pentane, 3-chloro-3-rnethylpentane, 
1-chloroheXane, 1,6-dichloroheXane, 1-chloroheptane, 
1-chlorooctane, 1-chlorononane, 1-chlorodecane, and 1,1,1 
trichlorodecane. 

[0027] Additives of the present invention further comprise 
aryl ethers represented by the formula R1OR2, Wherein: R1 
is selected from aryl hydrocarbon radicals having from 6 to 
12 carbon atoms; R2 is selected from aliphatic hydrocarbon 
radicals having from 1 to 4 carbon atoms; and Wherein said 
aryl ethers have a molecular Weight of from about 100 to 
about 150 atomic mass units and a carbon to oXygen ratio of 
from about 4 to about 20. The carbon to oXygen ratio in said 
aryl ether additives is preferably from about 7 to about 10. 
Representative R1 aryl radicals in the general formula 
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RlOR2 include phenyl, biphenyl, curnenyl, rnesityl, tolyl, 
Xylyl, naphthyl and pyridyl. Representative R2 aliphatic 
hydrocarbon radicals in the general formula RlOR2 include 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl 
and tert-butyl. Representative arornatic ether additives 
include: rnethyl phenyl ether (anisole), 1,3-dirnethyoXyben 
Zene, ethyl phenyl ether and butyl phenyl ether. 

[0028] Additives of the present invention further comprise 
1,1,1-tri?uoroalkanes represented by the general formula 
CF3R1, Wherein R1 is selected from aliphatic and alicyclic 
hydrocarbon radicals having from about 5 to about 15 
carbon atoms, preferably prirnary, linear, saturated, alkyl 
radicals. Representative 1,1,1-tri?uoroalkane additives 
include: 1,1,1-tri?uoroheXane and 1,1,1-tri?uorododecane. 

[0029] Additives of the present invention further comprise 
?uoroethers represented by the general formula 
R1OCF2CF2H, Wherein R1 is selected from aliphatic and 
alicyclic hydrocarbon radicals having from about 5 to about 
15 carbon atoms, preferably prirnary, linear, saturated, alkyl 
radicals. Representative ?uoroether additives include: 
C8H17OCF2CF2H and CGHBOCFZCFZH. 

[0030] Additives of the present invention further comprise 
lactones represented by forrnulas I, II, and III: 

III 

r14 £36 

[0031] These lactones contain the functional group 
—CO2— in a ring of siX (I), or preferably ?ve atorns (II), 
Wherein for I and II, R1 through R8 are independently 
selected from hydrogen or linear, branched, cyclic, bicyclic, 
saturated and unsaturated hydrocarbyl radicals. Each R1 
though R8 may be connected forming a ring With another R1 
through R8. The lactone may have an eXocyclic alkylidene 
group as in formula III, Wherein R1 through R6 are indepen 
dently selected from hydrogen or linear, branched, cyclic, 
bicyclic, saturated and unsaturated hydrocarbyl radicals. 
Each R1 though R6 may be connected forming a ring With 
another R1 through R6. The lactone additives of the present 
invention have a carbon to ester functional group carbonyl 
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oxygen ratio from about 5 to about 15 preferred from about units, preferred from about 80 to about 200 atomic mass 
5 to about 12. Said lactone additives also have a molecular units. Representative lactone additives include the com 
Weight range of from about 80 to about 300 atomic mass pounds listed in the table beloW. 

Molecular Molecular Carbon to Carbonyl 
Additive Molecular Structure Formula Weight (amu) Oxygen Ratio 

yl-dihydro-furan-2-one 

\ 

(E,Z)—3—propylidene—5—meth- O O C8H12O2 140 8 
yl-dihydro-furan-2-one 

\ \ 

(E,Z)—3—butylidene-5-meth- O O C9H14O2 154 9 
yl-dihydro-furan-2-one 

\ V 

(E,Z)—3—pentylidene—5—meth— O O C1UH15O2 168 10 
yl-dihydro-furan-2-one 

\ \/\ 

(E,Z)—3—HeXylidene—5—meth— O O C11H18O2 182 11 
yl-dihydro-furan-2-one 

\ W 

(E,Z)—3—Heptylidene—5—meth— O O CIZHZUO2 196 12 
yl-dihydro-furan-2-one 

E,Z —3—non lidene—5—meth— O C14H24O2 224 14 Y O 
yl-dihydro-furan-2-one 

(E,Z)—3-decylidene—5—meth— O O C15H25O2 238 15 
yl-dihydro-furan-2-one 

(E,Z)-3-(3,5,5-tri- O 0 C14H24O2 224 14 
methylhexylidene)—5—meth— 
yl-dihydrofuran-2-one 

\ 

(E,Z)-3-cyclo- O O clznlgo2 194 12 
hexylmethylidene-S-meth 
yl-dihydrofuran-2-one 
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-continued 

Molecular Molecular Carbon to Carbonyl 
Additive Molecular Structure Formula Weight (amu) Oxygen Ratio 

Hexahydro-isobenzofuran-1-one H O C8H12O2 140 8 

delta-decalactone C1UH18O2 170 10 

O O 

delta-undecalactone C11H20O2 184 11 

O O 

delta-dodecalactone C12H22O2 198 12 

O 0 

mixture of 4-hexyl-di- O C1UH18O2 170 10 
hydrofuran-Z-one and 3-hex 
yl-dihydro-furan-Z-one 

O 

[0032] The lactone additives generally have a kinematic 
viscosity of less than about 7 centistokes at 40° C. For 
instance, gamma-undecalactone has kinematic viscosity of 
5.4 centistokes and cis-(3-hexyl-5-methyl)dihydrofuran-2 
one has viscosity of 4.5 centistokes at 40° C. Lactone 
additives may be available commercially or prepared by 
methods as described in the concurrently ?led U.S. provi 
sional patent application, attorney docket no. CL-2362 US 
PRV, entitled “cis-3,5-Disubstituted-dihydro-furan-2-ones 
and the Preparation and Use Thereof”. The inventors of this 
provisional application are P. J. Fagan and C. J. Branden 
burg. The aforesaid provisional application is incorporated 
herein by reference. 

[0033] Additives of the present invention further comprise 
esters represented by the general formula R1CO2R2, Wherein 
R1 and R2 are independently selected from linear and cyclic, 
saturated and unsaturated, alkyl and aryl radicals. Preferred 
esters consist essentially of the elements C, H and O, have 
a molecular Weight of from about 80 to about 550 atomic 
mass units, and have a carbon to ester functional group 
carbonyl oxygen ratio of from about 5 to about 15. Repre 
sentative esters include: (CH3)2CHCH2OOC(CH2)2_ 
4OCOCH2CH(CH3)2 (diisobutyl dibasic ester), ethyl hex 
anoate, ethyl heptanoate, n-butyl propionate, n-propyl 
propionate, ethyl benZoate, di-n-propyl phthalate, benZoic 
acid ethoxyethyl ester, dipropyl carbonate, “Exxate 700” (a 
commercial C7 alkyl acetate), “Exxate 800” (a commercial 
C8 alkyl acetate), dibutyl phthalate, and tert-butyl acetate. 

[0034] Additives of the present invention further comprise 
croWn compounds With the repeating unit —(CH2—CH2— 
Y)n— joined in a circular structure, Wherein Y is a heteroa 
tom, such as oxygen, nitrogen or sulfur, and n is greater than 
2. Preferred croWn compounds are croWn ethers Wherein Y 
is oxygen and n is greater than 4. Additionally, the croWn 
compounds may be optionally substituted With side groups 
containing carbon, hydrogen, oxygen, nitrogen and/or halo 
gen atoms. CroWn ethers are available commercially from 
chemical supply companies such as Aldrich. Representative 
croWn ethers are 18-croWn-6 ether, 15-croWn-5 ether, and 
12-croWn-4 ether. 

[0035] Additives of the present invention further comprise 
cyclodextrins Wherein the repeating units represented by 
formula IV are connected in a circular structure: 

IV 

OR B 

[0036] In formula IV, each R group is independently 
selected from hydrogen or linear, branched, cyclic, bicyclic, 
saturated and unsaturated hydrocarbyl radicals having up to 
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10 carbon atoms and n is equal to 6 (alpha-cyclodextrin), 7 
(beta-cyclodextrin) or 8 (gamma-cyclodextrin). As an 
example of a substituted cyclodextrin, perhexyl-beta-cyclo 
dextrin is a cyclodextrin compound comprising 7 repeating 
units (n=7) and Wherein all R groups comprise hexyl radi 
cals. 

[0037] Additives of the present invention further comprise 
calixarenes Wherein the repeating units represented by for 
mula V are connected in a circular structure: 

cH2 

[0038] In formula V, each R1 and R2 group is indepen 
dently selected from hydrogen or linear, branched, cyclic, 
bicyclic, saturated and unsaturated hydrocarbyl radicals 
having up to 10 carbon atoms and n=4, 5, 6, 7, or 8. 
Representative calixarenes are calix[4]arene, calix[6]arene, 
and para-tert-butylcalix[4]arene, Wherein n=4, R1 comprises 
hydrogen, and R2 comprises a tert-butyl radical. 

[0039] Additives of the present invention may comprise a 
single additive species or multiple additive species together 
in any proportion. For example, an additive may comprise a 
mixture of compounds from Within a single additive species 
(eg a mixture of polyoxyalkylene glycol ethers) or a 
mixture of compounds chosen from different additive spe 
cies (eg a mixture of a polyoxyalkylene glycol ether With 
an amide). 

[0040] Additives of the present invention may optionally 
further comprise ketones represented by the formula 
R1COR2, Wherein R1 and R2 are independently selected 
from aliphatic, alicyclic and aryl hydrocarbon radicals hav 
ing from 1 to 12 carbon atoms, and Wherein said ketones 
have a molecular Weight of from about 70 to about 300 
atomic mass units and a carbon to oxygen ratio of from 
about 4 to about 13. R1 and R2 in said ketones are preferably 
independently selected from aliphatic and alicyclic hydro 
carbon radicals having 1 to 9 carbon atoms. The molecular 
Weight of said ketones is preferably from about 100 to 200 
atomic mass units. The carbon to oxygen ratio in said 
ketones is preferably from about 7 to about 10. R1 and R2 
may together form a hydrocarbylene radical connected and 
forming a ?ve, six, or seven-membered ring cyclic ketone, 
for example, cyclopentanone, cyclohexanone, and cyclohep 
tanone. R1 and R2 may optionally include substituted hydro 
carbon radicals, that is, radicals containing non-hydrocarbon 
substituents selected from halogens (e.g., ?uorine, chlorine) 
and alkoxides (e.g. methoxy). R1 and R2 may optionally 
include heteroatom-substituted hydrocarbon radicals, that is, 
radicals Which contain the atoms nitrogen (aZa-), oxygen 
(keto-, oxa-) or sulfur (thia-) in a radical chain otherWise 
composed of carbon atoms. In general, no more than three 
non-hydrocarbon substituents and heteroatoms, and prefer 
ably no more than one, Will be present for each 10 carbon 
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atoms in R1 and R2, and the presence of any such non 
hydrocarbon substituents and heteroatoms must be consid 
ered in applying the aforementioned ratio of carbon to 
oxygen and molecular Weight limitations. Representative R1 
and R2 aliphatic, alicyclic and aryl hydrocarbon radicals in 
the general formula RlCOR2 include methyl, ethyl, propyl, 
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, iso 
pentyl, neopentyl, tert-pentyl, cyclopentyl, cyclohexyl, hep 
tyl, octyl, nonyl, decyl, undecyl, dodecyl and their con?gu 
rational isomers, as Well as phenyl, benZyl, cumenyl, 
mesityl, tolyl, xylyl and phenethyl. 
[0041] Representative ketone additives include: 2-bu 
tanone, 2-pentanone, acetophenone, butyrophenone, hex 
anophenone, cyclohexanone, cycloheptanone, 2-heptanone, 
3-heptanone, 5-methyl-2-hexanone, 2-octanone, 3-oc 
tanone, diisobutyl ketone, 4-ethylcyclohexanone, 
2-nonanone, S-nonanone, 2-decanone, 4-decanone, 2-deca 
lone, 2-tridecanone, dihexyl ketone and dicyclohexyl 
ketone. 

[0042] Ketone additives may have an objectionable odor, 
Which can be masked by addition of an odor masking agent 
or fragrance. Typical examples of odor masking agents or 
fragrances may include Evergreen, Fresh Lemon, Cherry, 
Cinnamon, Peppermint, Floral or Orange Peel or sold by 
Intercontinental Fragrance, as Well as d-limonene and 
pinene. Such odor masking agents may be used at concen 
trations of from about 0.001% to as much as about 15% by 
Weight based on the combined Weight of odor masking agent 
and additive. 

[0043] Additives of the present invention may optionally 
further comprise from about 0.5 to about 50 Weight percent 
(based on total amount of additive) of a linear or cyclic 
aliphatic or aromatic hydrocarbon containing from 5 to 15 
carbon atoms. Representative hydrocarbons include pen 
tane, hexane, octane, nonane, decane, Isopar® H (a high 
purity CM to C12 iso-paraf?nic), Aromatic 150 (a C9 to CM 
aromatic), Aromatic 200 (a C9 to C15 aromatic) and Naptha 
140. All of these hydrocarbons are sold by Exxon Chemical, 
USA. 

[0044] Additives of the present invention may optionally 
further comprise polymeric additives. The polymeric addi 
tive may be a random copolymer of ?uorinated and non 
?uorinated acrylates, Wherein the polymer comprises repeat 
ing units of at least one monomer represented by the 
formulae CH2=C(R1)CO2R2, CH2=C(R3)C6H4R4, and 
CH2=C(R5)C6H4XR6, Wherein X is oxygen or sulfur; R1, 
R3, and R5 are independently selected from the group 
consisting of H and Cl-C4 alkyl radicals; and R2, R4, and R6 
are independently selected from the group consisting of 
carbon-chain-based radicals containing C, and F, and may 
further contain H, Cl, ether oxygen, or sulfur in the form of 
thioether, sulfoxide, or sulfone groups. Examples of such 
polymeric additives include those disclosed in US. Pat. No. 
6,299,792, such as Zonyl® PHS sold by E. I. du Pont de 
Nemours & Co., Wilmington, Del., 19898, USA. Zonyl® 
PHS is a random copolymer made by polymeriZing 40 
Weight percent CH2=C(CH3)CO2CH2CH2(CF2CF2)mF 
(also referred to as Zonyl® ?uoromethacrylate or ZFM) 
Wherein m is from 1 to 12, primarily 2 to 8, and 60 Weight 
percent lauryl methacrylate 
(CH2=C(CH3)CO2(CH2)11CH3, also referred to as LMA). 
[0045] Additives of the present invention may optionally 
further contain from about 0.01 to 30 Weight percent (based 
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on total amount of additive) of an additive Which reduces the 
surface energy of metallic copper, aluminum, steel, or other 
metals found in heat exchangers in a Way that reduces the 
adhesion of lubricants to the metal. Examples of metal 
surface energy reducing additives include those disclosed in 
WIPO PCT publication WO 96/7721, such as Zonyl® FSA, 
Zonyl® FSP, Zonyl® ES] and Zonyl® FS62, all products of 
E. I. du Pont de Nemours and Co. In practice, by reducing 
the adhesive forces betWeen the metal and the lubricant (i.e. 
substituting for a compound more tightly bound to the 
metal), the lubricant circulates more freely through the heat 
exchangers and connecting tubing in an air conditioning or 
refrigeration system, instead of remaining as a layer on the 
surface of the metal. This alloWs for the increase of heat 
transfer to the metal and alloWs ef?cient return of lubricant 
to the compressor. 

[0046] 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 refrigeration compressor lubrication, and include 
anti Wear agents, extreme pressure lubricants, corrosion and 
oxidation inhibitors, metal surface deactivators, free radical 
scavengers, foaming and antifoam control agents, leak 
detectants and the like. In general, these additives are 
present only in small amounts relative to the overall lubri 
cant composition. They are typically used at concentrations 
of from less than about 0.1% to as much as about 3% of each 
additives. These additives are selected on the basis of the 
individual system requirements. Some typical examples of 
such additives may include, but are not limited to, lubrica 
tion enhancing additives, such as alkyl or aryl esters of 
phosphoric acid and of thiophosphates. These include mem 
bers of the triaryl phosphate family of EP lubricity additives, 
such as butylated triphenyl phosphates (BTPP), or other 
alkylated triaryl phosphate esters, e.g. Syn-O-Ad 8478 from 
AkZo Chemicals, tricresyl phosphates and related com 
pounds. Additionally, the metal dialkyl dithiophosphates 
(e.g. Zinc dialkyl dithiophosphate or ZDDP, LubriZol 1375) 
and other members of this family of chemicals may be used 
in compositions of the present invention. Other antiWear 
additives include natural product oils and asymmetrical 
polyhydroxyl lubrication additives such as Synergol TMS 
(International Lubricants). Natural or synthetic oil-based 
lubricity enhancing agents may include products such as 
Zerol ICE from Nu-Calgon, Inc. Similarly, stabiliZers such 
as anti oxidants, free radical scavengers, and Water scaven 
gers may be employed. Compounds in this category can 
include, but are not limited to, butylated hydroxy toluene 
(BHT), epoxides, and glycidyl ethers. 

[0047] The present invention further comprises a method 
of producing refrigeration in a compression refrigeration 
system containing a HFC, PFC, HFE, ammonia and/or 
carbon dioxide refrigerant and a refrigeration lubricant 
selected from the group consisting of POEs, PAGs, and 
PVEs. The method comprises the step of contacting said 
lubricant With said refrigerant in the presence of an effective 
amount of the present additive in said compression refrig 
eration system. 

[0048] The present invention further comprises a method 
of lubricating a compressor in a compression refrigeration 
apparatus containing HFC, PFC, HFE, ammonia and/or 
carbon dioxide refrigerant. The method of lubricating com 
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prises the step of adding to said compressor a lubricant and 
additive composition of the present invention. 

[0049] The present invention further comprises a process 
for producing refrigeration in vapor compression refrigera 
tion or air-conditioning systems comprising condensing the 
present refrigerant compositions, and thereafter evaporating 
said compositions in the vicinity of a body to be cooled. 

[0050] The present invention further comprises a process 
for producing heat comprising condensing the present refrig 
erant compositions in the presence of a body to be heated, 
and thereafter evaporating said compositions. 

[0051] The present invention further comprises a method 
for improving the energy efficiency and/or capacity of a 
compression refrigeration apparatus, Which comprises the 
step of using a refrigerant composition of the present inven 
tion in a compression refrigeration apparatus. 

[0052] The present invention further comprises a method 
for reducing deposits and pluggage in a compression refrig 
eration and/or air-conditioning apparatus comprising the 
step of using a composition of the present invention in said 
apparatus. 

[0053] The present invention further comprises a method 
for delivering an additive to a compression refrigeration 
apparatus, comprising the step of adding any of the com 
positions of the present invention to said apparatus. 

[0054] The compositions of the present invention may 
further be used as cleaning agents, expansion agents for 
polyole?ns and polyurethanes, aerosol propellants, heat 
transfer media, gaseous dielectrics, ?re extinguishing 
agents, poWer cycle Working ?uids, polymeriZation media, 
particulate removal ?uids, carrier ?uids, buf?ng abrasive 
agents or displacement drying agents. 

EXAMPLES 

[0055] “POE 22” is used herein as an abbreviation for 
Mobil Oil product Arctic EAL22, a polyol ester lubricant 
having a kinematic viscosity of 22 centistokes at 40° C. 
“DMM” used herein is an abbreviation for dipropylene 
glycol dimethyl ether (CH3O[CH2CH(CH3)O]2CH3). “OP” 
used herein is an abbreviation for 1-octyl pyrrolidin-2-one 
(C12H23NO). “HDFO” used herein is an abbreviation for a 
1:1 mixture of 4-hexyl-dihydrofuran-2-one and 3-hexyl 
dihydrofuran-2-one. DMM, OP, gamma-valerolactone, 
gamma-octalactone, gamma-nonalactone, gamma-decalac 
tone, gamma-undecalactone, tetraglyme, 1-methylcaprolac 
tam, 18-croWn-6 ether, tert-butyl acetate, N-butylpropionate, 
N,N-dibutylformamide, and 2-octanone are available from 
Aldrich Chemical Company (MilWaukee, Wis.). The syn 
thesis of 1-butylcaprolactam may be carried out as described 
in the art. 

Example 1 

[0056] Tests Were conducted to measure temperature rise 
during mixing of HFC and additives of the present inven 
tion. Equal volumes of additives and HFC-43-10mee 
(CF3CF2CHFCHFCF3) Were mixed in an insulated DeWar 
?ask out?tted With a temperature probe. Temperature rise 
Was recorded 5 seconds after mixing. Results are shoWn 
beloW. 
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Example 1 

Temperature Rise 

[0057] 

Initial Final Temp 
T (° C.) T (° C.) Rise (° C.) 

Comparative Example 

tetraglyme 21.7 35 13.9 
Examples 

1-methylcaprolactam 22.15 35.7 13.55 
1-butylcaprolactam 21.1 32.45 11.35 
18-CroWn-6 ether 22.45 33.2 10.75 
n-octyl pyrrolidin-2-one (OP) 20.1 30.75 10.65 
Dipropylene glycol dimethyl ether (DMM) 20.7 29.65 8.95 
gamma-valerolactone 21.35 30.2 8.85 
Tert-butyl acetate 19.7 28.2 8.5 
2-heptanone 20.75 28.15 7.4 
gamma-octalactone 21 28.3 7.3 
N,N—dibutylformamide 22.25 29.1 6.85 
N-butylpropionate 21 27.7 6.7 
2-nonanone 21.00 27.60 6.6 
gamma-nonalactone 21.1 27.5 6.4 
gamma-undecalactone (GUDL) 19.7 25.8 6.1 
HDFO 20.00 25.95 5.95 
2-octanone 19.75 25.5 5.75 
gamma-decalactone 21.15 26.45 5.3 

[0058] Results indicate compositions of the present inven 
tion have signi?cant temperature rise indicating high heat of 
mixing. 

Example 2 

[0059] A refrigerant cylinder and a ?at bottom vessel are 
connected by a short manifold including isolation valves, a 
?ll port, and a pressure transducer. The volume of the entire 
assembly is pre-determined by mass of Water to ?ll. A 
knoWn volume of POE 22 lubricant With or Without additive 
(OP or DMM) is charged into the ?at bottom vessel at 22° 
C. Air is evacuated from the headspace. The isolation valve 
betWeen the tWo cylinders is closed. HFC-134a refrigerant is 
loaded into the other cylinder up to a pressure of 181 kPa. 
The pressure is continuously monitored as the isolation 
valve betWeen the tWo cylinders is opened. Over a period of 
time, the pressure in the system decreases as the refrigerant 
gas is absorbed into the lubricant phase. An equation of state 
Was used to translate the reduced pressure into mass percent 
of refrigerant absorbed into the lubricant/additive mixture. 
Results are shoWn in FIG. 1. The results indicate that 
HFC-134a absorption into POE 22 is signi?cantly improved 
through the addition of additives of the present invention. 
This result is indicative of an improvement in heat of 
vaporiZation. 

Example 3 

[0060] Tests Were conducted to determine if the additive 
could improve performance of R407C (23 Wt % HFC-32 and 
25 Wt % HFC-125, 52 Wt % HFC-134a) and polyol ester 
(POE) oil. Aductless split R22 Sanyo heat pump (evaporator 
Model KHSO951, condenser Model CHO951) Was installed 
in an environmental chamber. The heat pump Was out?tted 

With an R22 Sanyo rotary compressor (C-1R75H2R). The 
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fan-coil unit Was installed in the indoor room of an envi 
ronmental chamber and the outdoor unit Was installed in the 
outdoor room. The system Was charged With about 1200 
grams of R407C and 350 ml of POE oil With a viscosity at 
40° C. of 46 centistokes. Tests Were conducted at ASHRAE 
cooling B conditions Where the indoor room Was controlled 
at 80° F. and 67° F. Wet bulb temperature, the outdoor room 
at 82° F. and 65° F. Wet bulb temperature. Tests Were also 
conducted at ASHRAE heating conditions Where the indoor 
room Was controlled at 70° F. and 60° F. Wet bulb tempera 
ture, the outdoor room at 17° F. and 15° F. Wet bulb 
temperature relative humidity. Air side capacity, energy 
ef?ciency ratio (EER) measurements and oil volume mea 
surements Were made. After the R407C/POE baseline, the 
oil charge Was removed and replaced With additive in POE 
RL68H so that ?nal oil viscosity at 40° C. Was comparable 
to the baseline POE oil. Again, cooling B measurements and 
loW temperature heating measurements Were made. Capac 
ity and energy ef?ciency results are shoWn beloW. 

Example 3 

Cooling B Test 

[0061] 

Viscosity at Capacity 
Oil Composition 40° C. (cs) (Kbtu/H) EER 

R407C/50 Wt % POE 46 5.91 7.59 
Emkarate RL32CF/50 Wt % 
POE RL 68H 
R407C/10% tetraglyme in 37 5.68 7.41 
POE RL68H 
R407C/10 Wt % n-octyl 46 6.51 8.23 
pyrrolidin-2-one in POE 
RL68H 

Example 3 

LoW Temperature Heating Test 

[0062] 

Viscosity at Capacity 
Oil Composition 40° C. (cs) (Kbtu/H) EER 

R407C/50 Wt % POE 46 3.71 4.57 
Emkarate RL32CF/50 Wt % 
POE RL 68H 
R407C/10% tetraglyme in 37 2.92 3.66 
POE RL68H 
R407C/10 Wt % n-octyl 46 4.01 4.81 
pyrrolidin-2-one in POE 
RL68H 

[0063] Results shoW signi?cantly increased energy ef? 
ciency and capacity When n-octyl-pyrrolidin-2-one is added 
to R407C/POE. Performance is surprisingly improved ver 
sus tetraglyme. 

Example 4 

[0064] Tests Were conducted to determine if HFC-134a/ 
POE performance could be improved in a domestic refrig 
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erator (Frigidaire 21 cubic foot, Model FRT21P5) using 
additives of the present invention. The refrigerator Was 
out?tted With pressure and temperature measuring devices 
as Well as poWer measurement to the hermetic reciprocating 
compressor and tWo fans. The compressor Was also ?tted 
With a sight glass to monitor lubricant level during opera 
tion. The refrigerator Was tested in a room controlled at 
322° C. The refrigerated and freeZer compartments Were 
tested at tWo conditions mid-mid and Warm-Warm. The 
compartment temperatures Were monitored and the inte 
grated daily poWer requirement Was calculated. The system 
Was thoroughly ?ushed betWeen runs to remove residual 
lubricant. Results are shoWn beloW. 

Example 4 

Mid-Mid Compartment Temperature Conditions 

[0065] 

Oil Integrated Freezer Refrigerated 
viscosity daily poWer compartment compartment 

Lubricant at 400 requirement temperature temperature 

Composition C. (cs) (kWhr/day) (0 (O R134a/POE 10 10.0 1.49 3.9 37.4 

R134a/10% 9.0 1.49 5.1 37.4 
tetraglyme in 
POE 10 
R134a/15% 9.3 1.47 3.8 37.6 
n-octyl 
pyrrolidin-2-one 
in POE 10 

Example 4 

Warm-Warm Compartment Temperature Conditions 

[0066] 

Integrated Freezer Refrigerated 
Oil daily poWer compartment compartment 

Lubricant viscosity at requirement temperature temperature 

Composition 400 C. (cs) (kWhr/day) (0 (O R134a/POE 10 10.0 1.26 9.6 44.5 

R134a/10% 9.0 1.26 11.0 44.7 
tetraglyme in 
POE 10 
R134a/15% 9.3 1.21 10.0 44.5 
n-octyl 
pyrrolidin-2 
one in 

POE 10 

[0067] Results shoW an improvement in energy efficiency 
When n-octyl pyrrolidin-2-one is added to R134a/POE 10. 
N-octyl pyrrolidin-2-one performance is also surprisingly 
improved versus tetraglyme. 

What is claimed is: 
1.) A composition comprising: 

(a) at least one refrigeration lubricant selected from the 
group consisting of POEs, PAGs, and PVEs; and 
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(b) at least one additive selected from the group consisting 
of polyoxyalkylene glycol ethers, amides, nitriles, chlo 
rocarbons, aryl ethers, 1,1,1-tri?uoroalkanes, ?uoroet 
hers, lactones, esters, croWn compounds, cyclodextrins, 
and calixarenes. 

2.) A composition comprising: 

(a) at least one refrigerant selected from the group con 
sisting of hydro?uorocarbons, per?uorocarbons, 
hydro?uoroethers, ammonia and carbon dioxide; 

(b) at least one refrigeration lubricant selected from the 
group consisting of POEs, PAGs, and PVEs; and 

(c) at least one additive selected from the group consisting 
of polyoxyalkylene glycol ethers, amides, nitriles, chlo 
rocarbons, aryl ethers, 1,1,1-tri?uoroalkanes, ?uoroet 
hers, lactones, esters, croWn compounds, cyclodextrins, 
and calixarenes. 

3.) A composition for use in compression refrigeration 
and air conditioning apparatus containing POE, PAG, or 
PVE lubricant, said refrigerant composition comprising: 

(a) at least one refrigerant selected from the group con 
sisting of hydro?uorocarbons, per?uorocarbons, 
hydro?uoroethers, ammonia and carbon dioxide; and 

(b) at least one additive selected from the group consisting 
of polyoxyalkylene glycol ethers, amides, nitriles, chlo 
rocarbons, aryl ethers, 1,1,1-tri?uoroalkanes, ?uoroet 
hers, lactones, esters, croWn compounds, cyclodextrins, 
and calixarenes. 

4.) The composition of claim 1, Wherein said additive is 
at least one selected from the group consisting of: 

(i) polyoxyalkylene glycol ethers represented by the for 
mula R1[(OR2)XOR3]y, Wherein: x is selected from 
integers from 1 to 3; y is selected from integers from 1 
to 4; R1 is selected from hydrogen and aliphatic hydro 
carbon radicals having 1 to 6 carbon atoms and y 
bonding sites; R2 is selected from aliphatic hydrocar 
bylene radicals having from 3 to 4 carbon atoms; R3 is 
selected from hydrogen, and aliphatic and alicyclic 
hydrocarbon radicals having from 1 to 6 carbon atoms; 
at least one of R1 and R3 is selected from said hydro 
carbon radicals; and Wherein said polyoxyalkylene 
glycol ethers have a molecular Weight of from about 
100 to about 300 atomic mass units and a carbon to 
oxygen ratio of from about 2.3 to about 5.0; 

(ii) amides represented by the formulae R1CONR2R3 and 
cyclo-[R4CON(R5)—], Wherein R1, R2, R3 and R5are 
independently selected from aliphatic and alicyclic 
hydrocarbon 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 120 
to about 300 atomic mass units and a carbon to oxygen 
ratio of from about 7 to about 20; 

(iii) nitriles represented by the formula RlCN, Wherein R1 
is selected from aliphatic, alicyclic or aryl hydrocarbon 
radicals having from 5 to 12 carbon atoms, and Wherein 
said nitriles have a molecular Weight of from about 90 
to about 200 atomic mass units and a carbon to nitrogen 
ratio of from about 6 to about 12; 

(iv) chlorocarbons represented by the formula RClX, 
Wherein; x is selected from the integers 1 or 2; R is 
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selected from aliphatic and alicyclic hydrocarbon radi 
cals having from 1 to 12 carbon atoms; and Wherein 
said chlorocarbons have a molecular Weight of from 
about 100 to about 200 atomic mass units and carbon 
to chlorine ratio from about 2 to about 10; 

(v) aryl ethers represented by the formula R1OR2, 
Wherein: R1 is selected from aryl hydrocarbon radicals 
having from 6 to 12 carbon atoms; R2 is selected from 
aliphatic hydrocarbon radicals having from 1 to 4 
carbon atoms; and Wherein said aryl ethers have a 
molecular Weight of from about 100 to about 250 
atomic mass units and a carbon to oXygen ratio of from 
about 4 to about 20; 

(vi) 1,1,1-tri?uoroalkanes represented by the formula 
CF3R1, Wherein R1 is selected from aliphatic and ali 
cyclic hydrocarbon radicals having from about 5 to 
about 15 carbon atoms; and 

(vii) ?uoroethers represented by the formula 
R1OCF2CF2H, Wherein R1 is selected from aliphatic 
and alicyclic hydrocarbon radicals having from about 5 
to about 15 carbon atoms; 

(viii) a lactone selected from the group consisting of 
compounds represented by formula I, II, and III: 

III 

Wherein, R1 through R8 are independently selected from 
hydrogen, linear, branched, cyclic, bicyclic, saturated 
and unsaturated hydrocarbyl radicals; and Wherein the 
carbon to ester functional group carbonyl oXygen ratio 
is from about 5 to about 15 and the molecular Weight 
is from about 80 to about 300 atomic mass units; 

(iX) esters represented by the general formula R1CO2R2, 
Wherein R1 and R2 are independently selected from 
linear and cyclic, saturated and unsaturated, alkyl and 
aryl radicals; and Wherein said esters have a molecular 
Weight of from about 80 to about 550 atomic mass units 
and a carbon to ester functional group carbonyl oXygen 
ratio of from about 5 to about 15; and 
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(X) croWn compounds With the repeating unit —(CH2— 
CH2—Y)n— joined in a circular structure, Wherein Y is 
a heteroatom, such as oXygen, nitrogen or sulfur, and n 
is greater than 2; 

(Xi) cyclodeXtrins With the repeating unit represented by 
formula IV connected in a circular structure: 

IV 

OR 

Wherein each R group is independently selected from 
hydrogen or linear, branched, cyclic, bicyclic, saturated 
and unsaturated hydrocarbyl radicals having up to 10 
carbon atoms and n is equal to 6, 7, or 8; and 

(Xii) caliXarenes With the repeating unit represented by 
formula V connected in a circular structure: 

CH2 

n 

Wherein each R1 and R2 group is independently selected 
from hydrogen linear, branched, cyclic, bicyclic, satu 
rated and unsaturated hydrocarbyl radicals having up to 
10 carbon atoms and n=4, 5, 6, 7, or 8. 

5.) The composition of claim 2 or 3, Wherein said additive 
is at least one selected from the group consisting of: 

(i) polyoXyalkylene glycol ethers represented by the for 
mula R1[(OR2)XOR3]y, Wherein: X is selected from 
integers from 1 to 3; y is selected from integers from 1 
to 4; R1 is selected from hydrogen and aliphatic hydro 
carbon radicals having 1 to 6 carbon atoms and y 
bonding sites; R2 is selected from aliphatic hydrocar 
bylene radicals having from 3 to 4 carbon atoms; R3 is 
selected from hydrogen, and aliphatic and alicyclic 
hydrocarbon radicals having from 1 to 6 carbon atoms; 
at least one of R1 and R3 is selected from said hydro 
carbon radicals; and Wherein said polyoXyalkylene 
glycol ethers have a molecular Weight of from about 
100 to about 300 atomic mass units and a carbon to 
oXygen ratio of from about 2.3 to about 5.0; 

(ii) amides represented by the formulae R1CONR2R3 and 
cyclo-[R4CON(R5)—], Wherein R1, R2, R3 and Rsare 
independently selected from aliphatic and alicyclic 
hydrocarbon radicals having from 1 to 12 carbon 
atoms; R4 is selected from aliphatic hydrocarbylene 
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radicals having from 3 to 12 carbon atoms; and wherein 
said amides have a molecular Weight of from about 120 
to about 300 atomic mass units and a carbon to oxygen 
ratio of from about 7 to about 20; 

(iii) nitriles represented by the formula R1CN, Wherein R1 
is selected from aliphatic, alicyclic or aryl hydrocarbon 
radicals having from 5 to 12 carbon atoms, and Wherein 
said nitriles have a molecular Weight of from about 90 
to about 200 atomic mass units and a carbon to nitrogen 
ratio of from about 6 to about 12; 

(iv) chlorocarbons represented by the formula RClX, 
Wherein; X is selected from the integers 1 or 2; R is 
selected from aliphatic and alicyclic hydrocarbon radi 
cals having from 1 to 12 carbon atoms; and Wherein 
said chlorocarbons have a molecular Weight of from 
about 100 to about 200 atomic mass units and carbon 
to chlorine ratio from about 2 to about 10; 

(v) aryl ethers represented by the formula R1OR2, 
Wherein: R1 is selected from aryl hydrocarbon radicals 
having from 6 to 12 carbon atoms; R2 is selected from 
aliphatic hydrocarbon radicals having from 1 to 4 
carbon atoms; and Wherein said aryl ethers have a 
molecular Weight of from about 100 to about 250 
atomic mass units and a carbon to oXygen ratio of from 
about 4 to about 20; 

(vi) 1,1,1-tri?uoroalkanes represented by the formula 
CF3R1, Wherein R1 is selected from aliphatic and ali 
cyclic hydrocarbon radicals having from about 5 to 
about 15 carbon atoms; and 

(vii) ?uoroethers represented by the formula 
R1OCF2CF2H, Wherein R1 is selected from aliphatic 
and alicyclic hydrocarbon radicals having from about 5 
to about 15 carbon atoms; 

(viii) a lactone selected from the group consisting of 
compounds represented by formula I, II, and III: 

III 

pen“... 
m 
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Wherein, R1 through R8 are independently selected 
from hydrogen, linear, branched, cyclic, bicyclic, satu 
rated and unsaturated hydrocarbyl radicals; and 
Wherein the carbon to ester functional group carbonyl 
oXygen ratio is from about 5 to about 15 and the 
molecular Weight is from about 80 to about 300 atomic 
mass units; 

(iX) esters represented by the general formula R1CO2R2, 
Wherein R1 and R2 are independently selected from 
linear and cyclic, saturated and unsaturated, alkyl and 
aryl radicals; and Wherein said esters have a molecular 
Weight of from about 80 to about 550 atomic mass units 
and a carbon to ester functional group carbonyl oxygen 
ratio of from about 5 to about 15; 

(X) croWn compounds With the repeating unit —(CH2— 
CH2—Y)n— joined in a circular structure, Wherein Y is 
a heteroatom, such as oXygen, nitrogen or sulfur, and n 
is greater than 2; 

(Xi) cyclodeXtrins With the repeating unit represented by 
formula IV connected in a circular structure: 

IV 

OR 

Wherein each R group is independently selected from 
hydrogen or linear, branched, cyclic, bicyclic, saturated 
and unsaturated hydrocarbyl radicals having up to 10 
carbon atoms and n is equal to 6, 7, or 8; and 

(Xii) caliXarenes With the repeating unit represented by 
formula V connected in a circular structure: 

cH2 

n 

Wherein each R1 and R2 group is independently selected 
from hydrogen linear, branched, cyclic, bicyclic, satu 
rated and unsaturated hydrocarbyl radicals having up to 
10 carbon atoms and n=4, 5, 6, 7, or 8. 

6.) The composition of claim 1, Wherein said lubricant is 
from about 40 to about 99 Weight percent and said additive 
is from about 1 to about 60 Weight percent. 

7.) The composition of claim 1, Wherein said lubricant is 
from about 80 to about 99 Weight percent and said additive 
is from about 1 to about 20 Weight percent. 
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8.)Amethod of producing refrigeration With compression (viii) a lactone selected from the group consisting of 
refrigeration and/or air-conditioning systems containing compounds represented by formula I, II, and III: 
HFCs, PFCs, HFEs, ammonia and/or carbon dioxide refrig 
erant, and a refrigeration lubricant selected from the group 
consisting of POEs, PAGs, and PVEs, Which comprises the I 
step of evaporating said refrigerant With said lubricant in the 
presence of an effective amount of additive, Wherein said 
additive is selected from the group consisting of: 

(i) polyoxyalkylene glycol ethers represented by the for 
mula R1[(OR2)XOR3]y, Wherein: X is selected from 
integers from 1 to 3; y is selected from integers from 1 
to 4; R1 is selected from hydrogen and aliphatic hydro 
carbon radicals having 1 to 6 carbon atoms and y 
bonding sites; R2 is selected from aliphatic hydrocar 
bylene radicals having from 3 to 4 carbon atoms; R3 is 
selected from hydrogen, and aliphatic and alicyclic 
hydrocarbon radicals having from 1 to 6 carbon atoms; 
at least one of R1 and R3 is selected from said hydro 
carbon radicals; and Wherein said polyoxyalkylene 
glycol ethers have a molecular Weight of from about 
100 to about 300 atomic mass units and a carbon to 
oxygen ratio of from about 2.3 to about 5.0; 

(ii) amides represented by the formulae R‘lCONRZR3 and 
cyclo-[R4CON(R5)—], Wherein R1, R2, R3 and R5 are 
independently selected from aliphatic and alicyclic 
hydrocarbon radicals having from 1 to 12 carbon 
atoms; R4 is selected from aliphatic hydrocarbylene 
radicals having from 3 to 12 carbon atoms; and Wherein wherein, R1 through R8 are independently Selected 
said amides have a molecular Weight of from about 120 from hydrogen, linear, branched, eyene, bieyene, Satn_ 
to about 300 atomic mass units and a carbon to oxygen rated and unsatnrated nydroearbyl radicals; and 
ratio of from about 7 to about 20; Wherein the carbon to ester functional group carbonyl 

oxygen ratio is from about 5 to about 15 and the 
molecular Weight is from about 80 to about 300 atomic 

III 

(iii) nitriles represented by the formula R1CN, Wherein R1 
is selected from aliphatic, alicyclic or aryl hydrocarbon 
radicals having from 5 to 12 carbon atoms, and Wherein mass umts; 
said nitriles have a molecular Weight of from about 90 esters represented by the general formula R1CO2R2, 
to about 200 atomic mass units and a carbon to nitrogen Wherein R1 and R2 are independently selected from 
ratio of from about 6 to about 12; linear and cyclic, saturated and unsaturated, alkyl and 

aryl radicals; and Wherein said esters have a molecular 
Weight of from about 80 to about 550 atomic mass units 
and a carbon to ester functional group carbonyl oxygen 
ratio of from about 5 to about 15; and 

(iv) chlorocarbons represented by the formula RClX, 
Wherein; x is selected from the integers 1 or 2; R is 
selected from aliphatic and alicyclic hydrocarbon radi 
cals having from 1 to 12 carbon atoms; and Wherein 

said chlorocarbons have a molecular Weight of from Crown comppllnds with _the repeating unit about 100 to about 200 atomic mass units and carbon CH2—Y)n—]O1ned m a clrcular_structure> WherelnYls 

t0 Chlorine ratio from about 2 t0 about 10; a heteroatom, such as oxygen, nitrogen or sulfur, and n 
is greater than 2; 

(v) aryl ethers represented by the formula R1OR2, 
Wherein: R1 is selected from aryl hydrocarbon radicals 
having from 6 to 12 carbon atoms; R2 is selected from 
aliphatic hydrocarbon radicals having from 1 to 4 
carbon atoms; and Wherein said aryl ethers have a 
molecular Weight of from about 100 to about 250 R0 OR 
atomic mass units and a carbon to oxygen ratio of from 
about 4 to about 20; 

(xi) cyclodextrins With the repeating unit represented by 
formula IV connected in a circular structure: 

IV 

(vi) 1,1,1-tri?uoroalkanes represented by the formula 
CF3R1, Wherein R1 is selected from aliphatic and ali- O 
cyclic hydrocarbon radicals having from about 5 to 
about 15 carbon atoms; 

OR 

(vii) ?uoroethers represented by the formula 
R1OCF2CF2H, Wherein R1 is selected from aliphatic 
and alicyclic hydrocarbon radicals having from about 5 Wherein each R group is independently selected from 
to about 15 carbon atoms; hydrogen or linear, branched, cyclic, bicyclic, saturated 
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and unsaturated hydrocarbyl radicals having up to 10 
carbon atoms and n is equal to 6, 7, or 8; and 

(Xii) caliXarenes With the repeating unit represented by 
formula V connected in a circular structure: 

cH2 

Wherein each R1 and R2 group is independently selected 
from hydrogen linear, branched, cyclic, bicyclic, satu 
rated and unsaturated hydrocarbyl radicals having up to 
10 carbon atoms and n=4, 5, 6, 7, or 8. 

9.) Amethod of lubricating a compressor in a compression 
refrigeration and/or air-conditioning apparatus containing 
HFCs, PFCs, HFEs, ammonia and/or carbon dioXide, com 
prising the step of adding to said compressor the composi 
tion of claim 1. 

10.) A method of improving the energy efficiency and/or 
capacity of a compression refrigeration and/or air-condition 
ing apparatus containing a refrigeration composition com 
prising at least one refrigerant selected from the group 
consisting of hydro?uorocarbons, per?uorocarbons, hydrof 
luoroethers, ammonia and carbon dioXide; and at least one 
refrigeration lubricant selected from the group consisting of 
POEs, PAGs, and PVEs; said method comprises the step of 
adding to said compression refrigeration and/or air-condi 
tioning apparatus at least one additive selected from the 
group consisting of: 

(i) polyoXyalkylene glycol ethers represented by the for 
mula R1[(OR2)XOR3]y, Wherein: X is selected from 
integers from 1 to 3; y is selected from integers from 1 
to 4; R1 is selected from hydrogen and aliphatic hydro 
carbon radicals having 1 to 6 carbon atoms and y 
bonding sites; R2 is selected from aliphatic hydrocar 
bylene radicals having from 3 to 4 carbon atoms; R3 is 
selected from hydrogen, and aliphatic and alicyclic 
hydrocarbon radicals having from 1 to 6 carbon atoms; 
at least one of R1 and R3 is selected from said hydro 
carbon radicals; and Wherein said polyoXyalkylene 
glycol ethers have a molecular Weight of from about 
100 to about 300 atomic mass units and a carbon to 
oxygen ratio of from about 2.3 to about 5.0; 

(ii) amides represented by the formulae R1CONR2R3 and 
cyclo-[R4CON(R5)—], Wherein R1, R2, R3 and R5 are 
independently selected from aliphatic and alicyclic 
hydrocarbon 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 120 
to about 300 atomic mass units and a carbon to oXygen 
ratio of from about 7 to about 20; 

(iii) nitriles represented by the formula R1CN, Wherein R1 
is selected from aliphatic, alicyclic or aryl hydrocarbon 
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radicals having from 5 to 12 carbon atoms, and Wherein 
said nitriles have a molecular Weight of from about 90 
to about 200 atomic mass units and a carbon to nitrogen 
ratio of from about 6 to about 12; 

(iv) chlorocarbons represented by the formula RClX, 
Wherein; X is selected from the integers 1 or 2; R is 
selected from aliphatic and alicyclic hydrocarbon radi 
cals having from 1 to 12 carbon atoms; and Wherein 
said chlorocarbons have a molecular Weight of from 
about 100 to about 200 atomic mass units and carbon 
to chlorine ratio from about 2 to about 10; 

(v) aryl ethers represented by the formula R1OR2, 
Wherein: R1 is selected from aryl hydrocarbon radicals 
having from 6 to 12 carbon atoms; R2 is selected from 
aliphatic hydrocarbon radicals having from 1 to 4 
carbon atoms; and Wherein said aryl ethers have a 
molecular Weight of from about 100 to about 250 
atomic mass units and a carbon to oXygen ratio of from 
about 4 to about 20; 

(vi) 1,1,1-tri?uoroalkanes represented by the formula 
CF3R1, Wherein R1 is selected from aliphatic and ali 
cyclic hydrocarbon radicals having from about 5 to 
about 15 carbon atoms; and 

(vii) ?uoroethers represented by the formula 
R1OCF2CF2H, Wherein R1 is selected from aliphatic 
and alicyclic hydrocarbon radicals having from about 5 
to about 15 carbon atoms; 

(viii) a lactone selected from the group consisting of 
compounds represented by formula I, II, and III: 

III 

r14 r36 

Wherein, R1 through R8 are independently selected 
from hydrogen, linear, branched, cyclic, bicyclic, satu 
rated and unsaturated hydrocarbyl radicals; and 
Wherein the carbon to ester functional group carbonyl 
oXygen ratio is from about 5 to about 15 and the 
molecular Weight is from about 80 to about 300 atomic 
mass units; 
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(ix) esters represented by the general formula R1CO2R2, 
Wherein R1 and R2 are independently selected from 
linear and cyclic, saturated and unsaturated alkyl and 
aryl radicals; and Wherein said esters have a molecular 
Weight of from about 80 to about 550 atomic mass units 
and a carbon to ester functional group carbonyl oxygen 
ratio of from about 5 to about 15; and 

(X) croWn compounds with the repeating unit —(CH2— 
CH2—Y)n— joined in a circular structure, Wherein Y is 
a heteroatorn, such as oxygen, nitrogen or sulfur, and n 
is greater than 2; 

(xii) cyclodextrins With the repeating unit represented by 
formula IV connected in a circular structure: 

RO OR 

OR 

Wherein each R group is independently selected from 
hydrogen or linear, branched, cyclic, bicyclic, saturated 
and unsaturated hydrocarbyl radicals having up to 10 
carbon atoms and n is equal to 6, 7, or 8; and 

(xiii) calixarenes With the repeating unit represented by 
formula V connected in a circular structure: 

CH2 

Wherein each R1 and R2 group is independently selected 
from hydrogen linear, branched, cyclic, bicyclic, satu 
rated and unsaturated hydrocarbyl radicals having up to 
10 carbon atoms and n=4, 5, 6, 7, or 8. 

11.) A process for producing refrigeration, cornprising 
condensing a composition of claim 2, 3, or 5, and thereafter 
evaporating said composition in the vicinity of a body to be 
cooled. 

12 Aprocess for producing heat, cornprising condensing 
a composition of claim 2, 3, or 5 in the vicinity of a body to 
be heated, and thereafter evaporating said composition. 

13.) The composition of claim 1, 2, 3, 4, or 5, Wherein: 

(i) in the polyoxyalkylene glycol ethers represented by the 
formula R1[(OR2)XOR3]y x is selected from the integers 
1 or 2, y is 1, R1 and R3 are independently selected from 
hydrogen and aliphatic hydrocarbon radicals having 
from 1 to 4 carbon atoms, R2 is selected from aliphatic 
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hydrocarbylene radicals having 3 carbon atoms, and 
Wherein said polyoxyalkylene glycol ethers have a 
molecular Weight of from about 100 to about 250 
atomic mass units and a carbon to oxygen ratio of from 
about 2.5 to about 4.0; 

(ii) said arnides have a molecular Weight of from about 
120 to about 250 atomic mass units and a carbon to 
oxygen ratio of from about 7 to about 16; 

(iii) in the nitriles represented by the formula R1CN, R1 
is selected from aliphatic and alicyclic hydrocarbon 
radicals having from 8 to 10 carbon atoms, and Wherein 
said nitriles have a molecular Weight of from about 120 
to about 140 atomic mass units and a carbon to nitrogen 
ratio of from about 8 to about 9; 

(iv) said chlorocarbons have a molecular Weight of from 
about 120 to 150 atomic mass units and a carbon to 
chlorine ratio of from about 6 to about 7; and 

(v) said aryl ethers have a carbon to oxygen ratio of from 
about 7 to about 10. 

14.) The method of claim 8, 9 or 10, Wherein: 

(i) in the polyoxyalkylene glycol ethers represented by the 
formula R1[(OR2)XOR3]y x is selected from the integers 
1 or 2, y is 1, R1 and R3 are independently selected from 
hydrogen and aliphatic hydrocarbon radicals having 
from 1 to 4 carbon atoms, R2 is selected from aliphatic 
hydrocarbylene radicals having 3 carbon atoms, and 
Wherein said polyoxyalkylene glycol ethers have a 
molecular Weight of from about 100 to about 250 
atomic mass units and a carbon to oxygen ratio of from 
about 2.5 to about 4.0; 

(ii) said arnides have a molecular Weight of from about 
120 to about 250 atomic mass units and a carbon to 
oxygen ratio of from about 7 to about 16; 

(iii) in the nitriles represented by the formula R1CN, R1 
is selected from aliphatic and alicyclic hydrocarbon 
radicals having from 8 to 10 carbon atoms, and Wherein 
said nitriles have a molecular Weight of from about 120 
to about 140 atomic mass units and a carbon to nitrogen 
ratio of from about 8 to about 9; 

(iv) said chlorocarbons have a molecular Weight of from 
about 120 to 150 atomic mass units and a carbon to 
chlorine ratio of from about 6 to about 7; and 

(v) said aryl ethers have a carbon to oxygen ratio of from 
about 7 to about 10. 

15.) The process of claim 11 or 12, Wherein: 

(i) in the polyoxyalkylene glycol ethers represented by the 
formula R1[(OR2)XOR3]y x is selected from the integers 
1 or 2, y is 1, R1 and R3 are independently selected from 
hydrogen and aliphatic hydrocarbon radicals having 
from 1 to 4 carbon atoms, R2 is selected from aliphatic 
hydrocarbylene radicals having 3 carbon atoms, and 
Wherein said polyoxyalkylene glycol ethers have a 
molecular Weight of from about 100 to about 250 
atomic mass units and a carbon to oxygen ratio of from 
about 2.5 to about 4.0; 

(ii) said arnides have a molecular Weight of from about 
120 to about 250 atomic mass units and a carbon to 
oxygen ratio of from about 7 to about 16; 
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(iii) in the nitriles represented by the formula R1CN, R1 
is selected from aliphatic and alicyclic hydrocarbon 
radicals having from 8 to 10 carbon atoms, and Wherein 
said nitriles have a molecular Weight of from about 120 
to about 140 atomic mass units and a carbon to nitrogen 
ratio of from about 8 to about 9; 

(iv) said chlorocarbons have a molecular Weight of from 
about 120 to 150 atomic mass units and a carbon to 
chlorine ratio of from about 6 to about 7; and 

(v) said aryl ethers have a carbon to oxygen ratio of from 
about 7 to about 10. 

16.) The composition of claim 1, 2, 3, 4, or 5, Wherein in 
the polyoXyalkylene glycol ethers represented by the for 
mula R1[(OR2 XOR3]y, X is selected from the integers 1 or 
2, y is 1, R1 and R3 are independently selected from hydro 
gen and aliphatic hydrocarbon radicals having from 1 to 4 
carbon atoms, R2 is selected from aliphatic hydrocarbylene 
radicals having 3 carbon atoms, and Wherein said polyoXy 
alkylene glycol ethers have a molecular Weight of from 
about 125 to about 250 atomic mass units and a carbon to 
oXygen ratio of from about 2.5 to 4.0. 

17.) The method of claim 8, 9 or 10, Wherein in the 
polyoXyalkylene glycol ethers represented by the formula 
R1[(OR2)XOR3]y, X is selected from the integers 1 or 2, y is 
1, R1 and R3 are independently selected from hydrogen and 
aliphatic hydrocarbon radicals having from 1 to 4 carbon 
atoms, R2 is selected from aliphatic hydrocarbylene radicals 
having 3 carbon atoms, and Wherein said polyoXyalkylene 
glycol ethers have a molecular Weight of from about 125 to 
about 250 atomic mass units and a carbon to oXygen ratio of 
from about 2.5 to 4.0. 

18.) The process of claim 11 or 12, Wherein in the 
polyoXyalkylene glycol ethers represented by the formula 
R1[(OR2)XOR3]y, X is selected from the integers 1 or 2, y is 
1, R1 and R3 are independently selected from hydrogen and 
aliphatic hydrocarbon radicals having from 1 to 4 carbon 
atoms, R2 is selected from aliphatic hydrocarbylene radicals 
having 3 carbon atoms, and Wherein said polyoXyalkylene 
glycol ethers have a molecular Weight of from about 125 to 
about 250 atomic mass units and a carbon to oXygen ratio of 
from about 2.5 to 4.0. 
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19.) The composition of claim 1, 2, 3, 4, or 5, Wherein said 
amides are represented by the formula cyclo 
[(CR6R7)nCON(R5)—], Wherein n is selected from integers 
from 3 to 5, R6 and R7 are hydrogen or contain a single 
saturated hydrocarbon radical among the n methylene units, 
and R5 is selected from saturated hydrocarbon radicals 
containing from 1 to 12 carbon atoms, and Where said 
amides have a molecular Weight of from about 160 to about 
250 atomic mass units and a carbon to oXygen ratio of from 
about 7 to about 16. 

20.) The method of claim 8, 9 or 10, Wherein said amides 
are represented by the formula cyclo 
[(CR6R7)nCON(R5)—], Wherein n is selected from integers 
from 3 to 5, R6 and R7 are hydrogen or contain a single 
saturated hydrocarbon radical among the n methylene units, 
and R5 is selected from saturated hydrocarbon radicals 
containing from 1 to 12 carbon atoms, and Where said 
amides have a molecular Weight of from about 160 to about 
250 atomic mass units and a carbon to oXygen ratio of from 
about 7 to about 16. 

21.) The process of claim 11 or 12, Wherein said amides 
are represented by the formula cyclo 
[(CR6R7)nCON(R5)—], Wherein n is selected from integers 
from 3 to 5, R6 and R7 are hydrogen or contain a single 
saturated hydrocarbon radical among the n methylene units, 
and R5 is selected from saturated hydrocarbon radicals 
containing from 1 to 12 carbon atoms, and Where said 
amides have a molecular Weight of from about 160 to about 
250 atomic mass units and a carbon to oXygen ratio of from 
about 7 to about 16. 

22.) Amethod for delivering an additive to a compression 
refrigeration apparatus, comprising the step of adding the 
composition of claim 1, 2, 3, 4, or 5 to said apparatus. 

23.) A method for reducing deposits and pluggage in a 
compression refrigeration and/or air-conditioning apparatus 
comprising the step of adding a composition of claims 1, 2, 
3, 4, or 5 to said compression refrigeration and/or air 
conditioning apparatus. 


