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REFRIGERATOR OIL COMPOSITION FOR 
CARBON DIOXIDE COOLANT 

TECHNICAL FIELD 

[0001] The present invention relates to a refrigerator oil 
composition for use With carbon dioxide refrigerant. More 
particularly, the invention relates to a refrigerator oil com 
position for carbon dioxide refrigerant, Which composition 
is employed in a refrigerating system operated in a super 
critical state of carbon dioxide refrigerant. In particular, the 
composition can enhance heat-exchange e?iciency during 
passage of supercritical carbon dioxide through a heat 
exchanger and exhibit excellent durability and lubrication 
performance. 

BACKGROUND ART 

[0002] In general, in a compression refrigeration cycle for 
refrigerators; e.g., a compression refrigerator having a com 
pressor, a condenser, an expansion valve, and an evaporator, 
a ?uid mixture of a refrigerant and a lubricating oil is 
circulated in a closed system. Hitherto, in such a compres 
sion refrigerator, chloro?uorocarbon such as dichlorodi?uo 
romethane (R-l2) or chlorodi?uoromethane (R-22) is 
employed as a refrigerant, and a variety of lubricating oils 
have been produced and employed in combination With such 
a refrigerant. Thus, When the aforementioned chloro?uoro 
compounds that have heretofore been employed as refrig 
erant are released in air, the ozonosphere in the stratosphere 
may be depleted, resulting in environmental pollution. 
Therefore, recently, use of the Flon compound is more and 
more rigorously controlled throughout the World. Under 
such circumstances, hydro?uorocarbons and ?uorocarbons 
such as l,l,l,2-tetra?uoroethane (R-l34a) have become of 
interest as neW refrigerants. Although these hydro?uorocar 
bons and similar compounds are less destructive to the 
oZonosphere, they have a long life in the atmosphere, 
possibly resulting in global Warming. Therefore, in recent 
years, there has been investigated use of naturally occurring 
refrigerant that does not raise the aforementioned problems. 

[0003] Carbon dioxide is an excellent candidate, since it is 
harmless to the environment and is safe to human beings. In 
addition, carbon dioxide has advantages such as easy avail 
ability at any place and considerably loW cost Without 
necessity for recovery. By virtue of being harmless to the 
global environment, being free of ?ammability, and having 
loW toxicity, naturally occurring carbon dioxide coolant has 
attracted attention in recent years. Possible applications of 
carbon dioxide refrigerants include electric air conditioners 
for automobile use, heating apparatuses for use in cold areas, 
and hot-Water supplying systems. 

[0004] Among these applications, hot-Water supplying 
apparatus Will be further described in terms of further 
enhancement of energy conservation and ef?ciency, Which is 
demanded in relation to global environmental issues. One 
advantage of carbon dioxide is that, When carbon dioxide is 
employed in a heat-pump hot-Water supplier, running cost of 
the supplier is reduced to about 1/5 and coefficient of per 
formance (COP) is enhanced to 3.0 or higher, as compared 
With gas-system hot-Water suppliers generally employed as 
domestic hot-Water suppliers. In contrast, When the afore 
mentioned HFC coolant is employed in heat-pump hot-Water 
suppliers, the maximum temperature of Water supplied by 
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the suppliers is limited to about 60° C., because of thermal 
properties of the coolant. In this case, a compressor of 
considerably higher output must be further employed. HoW 
ever, When carbon dioxide is employed as a coolant, hot 
Water at about 90° C. can be supplied by virtue of the 
thermal properties of carbon dioxide. Thus, employment of 
carbon dioxide is advantageous. 

[0005] MeanWhile, refrigerator oil is used in a closed-type 
electric compressor and plays roles including lubrication, 
sealing, cooling, etc. of sliding par‘ts. HoWever, use of 
carbon dioxide as a refrigerant often raises the problem that 
a system employing carbon dioxide therein requires higher 
discharge pressure and has a higher temperature, as com 
pared With the case Where R-l34a or the like is employed. 
As a result, the refrigerator oil in the system is exposed to 
carbon dioxide under supercritical conditions. Therefore, if 
a conventionally used lubricating oil is employed for lubri 
cation, unexpected problems arise. For example, the lubri 
cating oil becomes less stable, failing to ensure long-term 
stable use, and lubrication performance such as Wear resis 
tance becomes poor. 

[0006] Conventionally, synthetic oils having miscibility 
With refrigerant (e.g., polyalkylene glycol and polyol ester) 
are generally employed refrigerator oils for use in a refrig 
eration cycle employing carbon dioxide or a compressor. 

[0007] Speci?cally, Japanese Patent Application Laid 
Open (kokai) Nos. 10-46169 and 2001-153476 disclose a 
lubricating oil composition for refrigerators, Which compo 
sition comprises at least one species selected from polyalky 
lene glycol and polyvinyl ether and Which composition has 
a kinematic viscosity of at least 5 mm2/s at 100° C., a 
refrigerating cycle employing the oil composition, and a 
compressor employing the oil composition. Japanese Patent 
Application Laid-Open (kokai) Nos. 2000-273477 and 
2001-19987 disclose a refrigerator oil composition employ 
ing polyester-polyol. 

[0008] HoWever, some polyalkylene glycols have poor 
insulating performance attributed to the molecular structure 
thereof. Since refrigerating oils employed in a closed-type 
electric compressor are required to serve as electrically 
insulating oil, When such a polyalkylene glycol species is 
employed, a short circuit may occur betWeen hermetic 
terminals provided so as to supply external electric poWer to 
a motor of the compressor. Furthermore, high dielectric 
constant and dielectric tangent result in large leakage cur 
rent, Which may cause accidents by an electric shock. 

[0009] Polyester-polyol, having excessively high miscibil 
ity With carbon dioxide refrigerant, considerably loWers 
viscosity When it is in a compressor and forms a solution 
With carbon dioxide, impairing sealing performance on the 
high-pressure side. In this case, compressing ef?ciency 
loWers, and How of the refrigerating oil into the refrigeration 
cycle increases, possibly causing a drop in heat exchanging 
ef?ciency. 

[0010] Under such circumstances, an object of the present 
invention is to provide a refrigerator oil composition for 
carbon dioxide refrigerant, of Which composition is 
employed in a refrigerating system operated in a supercriti 
cal state of carbon dioxide refrigerant and, particularly, to 
provide such a composition Which can enhance heat-ex 
change ef?ciency during passage of supercritical carbon 
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dioxide through a heat exchanger as Well as Which has 
excellent durability and lubrication performance. 

DISCLOSURE OF THE INVENTION 

[0011] The present inventors have carried out extensive 
studies in order to attain the aforementioned objects, and 
have found that the objects can be attained by a refrigerator 
oil composition dissolves in an amount of a speci?c value or 
more in a supercritical carbon dioxide under speci?c pres 
sure and temperature conditions, and particularly by a refrig 
erator oil composition Wherein, When the composition is 
dissolved to saturation in a supercritical carbon dioxide 
under the above conditions, the resultant mixture exhibits a 
viscosity, a dielectric constant, a density, and a thermal 
conductivity each falling Within a predetermined range. The 
present invention has been accomplished on the basis of this 
?ndings. 
[0012] Accordingly, the present invention provides the 
folloWing: 
[0013] (1) A refrigerator oil composition for use With 
carbon dioxide refrigerant, characterized in that the compo 
sition dissolves in an amount of at least 0.1% by mass in a 
supercritical carbon dioxide at a temperature of 100° C. 
under a pressure of 15 Mpa. 

[0014] (2) A refrigerator oil composition for use With 
carbon dioxide refrigerant as claimed in (1) above, Wherein, 
a mixture of the supercritical carbon dioxide at a tempera 
ture of 1000 C. under a pressure of 15 Mpa and the 
refrigerator oil composition dissolved in the supercritical 
carbon dioxide to saturation has a viscosity of at most 1 
mPa-s. 

[0015] (3) A refrigerator oil composition for use With 
carbon dioxide refrigerant as claimed in (1) above, Wherein, 
a mixture of the supercritical carbon dioxide at a tempera 
ture of 1000 C. under a pressure of 15 Mpa and the 
refrigerator oil composition has a dielectric constant of 1 to 
5. 

[0016] (4) A refrigerator oil composition for use With 
carbon dioxide refrigerant as claimed in (1) above, Wherein, 
a mixture of the supercritical carbon dioxide at a tempera 
ture of 1000 C. under a pressure of 15 Mpa and the 
refrigerator oil composition has a density of 0.1 to 0.9 g/cm3 . 

[0017] (5) A refrigerator oil composition for use With 
carbon dioxide refrigerant as claimed in (1) above, Wherein, 
a mixture of the supercritical carbon dioxide at a tempera 
ture of 1000 C. under a pressure of 15 Mpa and the 
refrigerator oil composition has a thermal conductivity of 
0.0001 to 0.01 W/m-K. 

[0018] (6) A refrigerator oil composition for use With 
carbon dioxide refrigerant as claimed in (1) above, Which 
comprises at least one base oil selected from the groups 
consist of polyoxyalkylene glycol and a derivative thereof, 
polyvinyl ether, polyol ester, poly(0t-ole?n), alkylbenZene, 
and mineral oil, and has a kinematic viscosity of 3 to 1,000 
mm2/s at 400 C. and a hue (ASTM) at most 1. 

[0019] (7) A refrigerator oil composition for use With 
carbon dioxide refrigerant as claimed in (1) above, Which 
comprises at least one member selected from the groups 
consist of an extreme pressure agent, an antioxidant, an 
acidscavenger, and a defoaming agent. 
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[0020] (8) A refrigerator oil composition for use With 
carbon dioxide refrigerant as claimed in (1) above, Which is 
for use in a hot-Water supplying machine, an automobile 
air-conditioner, an air-conditioner, a refrigerator, a heat 
pump, a hot-Water supplying system employed in an auto 
matic vending machine or a shoWcase, or a refrigeration 
heating system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Each of FIGS. 1 to 4 is a ?oW chart shoWing an 
exemplary compression refrigeration cycle to Which the 
refrigerator oil composition of the present invention can be 
applied. 
[0022] FIG. 5 shoWs an essential con?guration of a heat 
pump hot-Water supplying machine, and FIG. 6 is a graph 
shoWing the relationship betWeen the amount of refrigerator 
oil dissolves in CO2 and heat exchange e?iciency. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

[0023] Characteristics of the refrigerator oil composition 
of the present invention for use With carbon dioxide refrig 
erant Will noW be described. 

[0024] The refrigerator oil composition essentially dis 
solves in an amount of at least 0.1% by mass in a super 
critical carbon dioxide at a temperature of 1000 C. under a 
pressure of 15 Mpa. When the refrigerator oil composition 
dissolves in an amount of less than 0.1% by mass, a 
refrigerator ?uid composition containing supercritical car 
bon dioxide and the refrigerator oil composition exhibits 
poor heat exchange e?iciency during passage of the ?uid 
composition through a heat exchanger. The amount is pref 
erably at least 0.3%, more preferably at least 0.5% by mass. 
No particular limitation is imposed on the upper limit of the 
amount, and the amount is generally about 10% by mass. 

[0025] In order for the refrigerator oil composition con 
taining supercritical carbon dioxide and the refrigerator oil 
composition to attain desired heat exchange e?iciency, dura 
bility, and lubrication performance during passage of the 
?uid composition through a heat exchanger, the mixture of 
a 1000 C.-15 MPa supercritical carbon dioxide and the 
refrigerator oil composition dissolved to saturation therein 
preferably exhibits (1) a viscosity of at most 1 mPa-s; (2) a 
dielectric constant of 1 to 5; (3) a density of 0.1 to 0.9 g/cm3; 
and (4) a thermal conductivity of 0.0001 to 0.01 W/m-K. 

[0026] The viscosity is more preferably at most 0.5 mPa-s. 
No particular limitation is imposed on the loWer limit 
thereof, and the loWer limit is generally about 0.02 mPa-s. 
The dielectric constant is more preferably 1 to 2, and the 
density is more preferably 0.2 to 0.7 g/cm3. The thermal 
conductivity is more preferably 0.001 to 0.01 W/m~K. Meth 
ods for determining these properties Will be described here 
inbeloW. 

[0027] Next, the base oil of the refrigerator oil composi 
tion Will be described. 

[0028] No particular limitation is imposed on the base oil 
employed in the refrigerator oil composition of the present 
invention, so long as the base oil provides a refrigerator oil 
composition Which exhibits the aforementioned physical 
properties. For example, at least one species selected from 
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among polyoxyalkylene glycol and a derivative thereof, 
polyvinyl ether, polyol ester, poly(0t-ole?n), alkylbenZene, 
and mineral oil is employed. 

[0029] The polyoxyalkylene glycol or a derivative thereof 
Which may be employed in the invention is, for example, a 
compound represented by the formula (1): 

(wherein R1 represents a hydrogen atom, an alkyl group 
having from 1 to 10 carbon atoms, an acyl group having 
from 2 to 10 carbon atoms, or an aliphatic hydrocarbon 
group having from 1 to 10 carbon atoms and having from 2 
to 6 bonding sites; R2 represents an alkylene group having 
from 2 to 4 carbon atoms; R3 represents a hydrogen atom, an 
alkyl group having from 1 to 10 carbon atoms, or an acyl 
group having from 2 to 10 carbon atoms; n is an integer of 
l to 6; m is a number Which gives an average value of m><n 
of 6 to 80), or a polyoxyalkylene glycol derivative having at 
least one structural unit represented by the formula (11): 

(H) 

[wherein each of R4 to R7 represents a hydrogen atom, a 
monovalent hydrocarbon group having from 1 to 10 carbon 
atoms, or a group represented by the formula (111): 

(111) 
R8 

(Wherein each of R8 and R9 represents a hydrogen atom, a 
monovalent hydrocarbon group having from 1 to 10 carbon 
atoms, or an alkoxyalkyl group having from 2 to 20 carbon 
atoms; R10 represents an alkylene group having from 2 to 5 
carbon atoms, an alkyl-group-substituted alkylene group 
having 2 to 5 carbon atoms in total, or an alkoxyalkyl-group 
substituted alkylene group having from 4 to 10 carbon atoms 
in total; n is an integer of 0 to 20; and R11 represents a 
monovalent hydrocarbon group having from 1 to 10 carbon 
atoms); and at least one of R4 to R7 is represented by the 
formula (111)]. 

[0030] Details of these polyoxyalkylene glycols are dis 
closed in sections [0012] to [0026] of Japanese Patent 
Application Laid-Open (kokai) 2001-49282. 

[0031] Examples of preferred polyoxyalkylene glycols 
represented by the aforementioned formula (1) include 
polypropylene glycol dimethyl ether, polyethylene-polypro 
pylene glycol copolymer dimethyl ether, polypropylene gly 
col monobutyl ether, and polypropylene glycol diacetate. 

[0032] Examples of the polyvinyl ether include a polyvi 
nyl ether compound having a structural unit represented by, 
for example, the formula (IV): 
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(IV) 
R12 R14 

(Wherein R12, R13, and R14, Which may be identical to or 
different from one another, each represent a hydrogen atom, 
a hydrocarbon group having from 1 to 8 carbon atoms; R15 
represents a divalent hydrocarbon group having from 1 to 10 
carbon atoms; R15 represents a hydrocarbon group having 
from 1 to 20 carbon atoms; k is an average number of 0 to 
10; each of R12 to R16 in one structural unit and its coun 
terpart in another structural unit may be identical to or 
different from each other; and When a plurality of R15 Os are 
present, the R15 Os may be identical to or different from one 

another). 
[0033] Alternatively, there may also be employed a poly 
vinyl ether compound forrned of a block or random copoly 
mer having a structural unit represented by the aforemen 
tioned (1V) and a structural unit represented by the formula 
(V) 

(V) 

(wherein R17 to R20, Which may be identical to or different 
from one another, each represent a hydrogen atom or a 
hydrocarbon group having from 1 to 20 carbon atoms; and 
each of R17 to R20 in one structural unit and its counterpart 
in another structural unit may be identical to or different 
from each other). 

[0034] Details of these polyvinyl ethers are disclosed in 
sections [0027] to [0045] of Japanese Patent Application 
Laid-Open (kokai) 2001-49282. 

[0035] Examples of preferred polyvinyl ethers include 
polyethyl vinyl ether and polyethyl vinyl ether-polyisobutyl 
vinyl ether copolymer. 

[0036] Examples of the polyol ester include esteri?cation 
products betWeen a polyhydric alcohol and a saturated or 
unsaturated fatty acid having from 5 to 20 carbon atoms. 
Examples of the polyhydric alcohol include hexamethylene 
glycol, neopentyl glycol, decamethylene glycol, pentaeryth 
ritol, dipentaerythritol, trimethylolethane, and trimethylol 
propane. Examples of the saturated or unsaturated fatty acid 
having from 5 to 20 carbon atoms include pentanoic acid, 
caproic acid, caprylic acid, capric acid, 2-ethylhexanoic 
acid, 3,5,5-trimethylhexanoic acid, lauric acid, myristic 
acid, palmitic acid, stearic acid, eicosanoic acid, and oleic 
acid. 

[0037] Speci?c examples of the polyol esters include 
hexamethylene glycol caprylic acid ester, hexamethylene 
glycol nonanoic acid ester, decamethylene glycol caprylic 
acid ester, trimethylolpropane caproic acid ester, trimethy 
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lolpropane capric acid ester, pentaerythritol 2-ethylhexanoic 
acid ester, and pentaerythritol 3,5,5-trimethylhexanoic acid 
ester. 

[0038] Examples of preferred poly(0t-ole?n) include 
ot-ole?n oligomers, ethylene-ot-ole?n copolymers, and 
hydrogenated products thereof. Among them, ot-ole?n oli 
gomers having from 6 to 14 carbon atoms are particularly 
preferred poly(0t-ole?ns), With 1-decene oligomer being 
particularly preferred. Among ethylene-ot-ole?n copoly 
mers, ethylene-propylene copolymer is preferably 
employed. 
[0039] Examples of the alkylbenZenes include propylben 
Zene and butylbenZene. Examples of the mineral oil include 
paraf?nc mineral oil, naphthenic mineral oil, and interme 
diate mineral oil. Speci?c examples include solvent-re?ned 
or hydrogenated light neutral oil, medium neutral oil, heavy 
neutral oil, and bright stock. 

[0040] In the present invention, preferably, one or more 
base oils to be employed are appropriately selected from the 
aforementioned base oils so that the refrigerator oil compo 
sition having the aforementioned properties can be pro 
duced. The base oil preferably has a kinematic viscosity of 
3 to 1,000 mm2/s at 400 C. and a hue (ASTM) of at most 1. 
When the kinematic viscosity falls Within the above range, 
excellent lubrication performance can be attained. More 
preferably, the kinematic viscosity is 5 to 500 mm2/s at 400 
C., With 5 to 200 mm2/ s at 400 C. being particularly 
preferred. A base oil having a hue (ASTM) of at most 1 
exhibits excellent durability. 

[0041] The refrigerator oil composition may further con 
tain at least one species selected from among an extreme 
pressure agent, an antioxidant, an acidscavenger, and a 
defoaming agent. 

[0042] Examples of the extreme pressure agent include a 
carboxylic acid metal salt. In the present invention, the 
carboxylic acid metal salt is preferably a carboxylic acid 
metal salt having from 3 to 60 carbon atoms, more prefer 
ably a carboxylic acid metal salt having from 3 to 30 carbon 
atoms, particularly preferably a carboxylic acid metal salt 
having from 12 to 30 carbon atoms. The extreme pressure 
agent may be a dimer acid or trimer acid of the fatty acid(s) 
or a dicarboxylic acid metal salt having from 3 to 30 carbon 
atoms. Of these, a fatty acid metal salt having from 12 to 30 
carbon atoms and a dicarboxylic acid metal salt having from 
3 to 30 carbon atoms are particularly preferred. 

[0043] The metal element forming the metal salts is pref 
erably an alkali metal or an alkaline earth meta, With an 
alkali metal being particularly preferred. 

[0044] Examples of the carboxylic acid forming the metal 
salts include variety of carboxylic acid such as an aliphatic 
saturated monocarboxylic acid, an aliphatic unsaturated 
carboxylic acid, an aliphatic dicarboxylic acid, and an 
aromatic carboxylic acid. Speci?c examples of the aliphatic 
unsaturated carboxylic acid include linear saturated acids 
such as caproic acid, caprylic acid, capric acid, lauric acid, 
myristic acid, palmitic acid, stearic acid, arachic acid, 
cerotic acid, and lacceric acid; and branched fatty acids such 
as isopentanoic acid, 2-methylpentanoic acid, 2-methylbu 
tanoic acid, 2,2-dimethylbutanoic acid, 2-methylhexanoic 
acid, 5-methylhexanoic acid, 2,2-dimethylheptanoic acid, 
2-ethyl-2-methylbutanoic acid, 2-ethylhexanoic acid, dim 
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ethylhexanoic acid, 2-n-propyl-pentanoic acid, 3,5,5-trim 
ethylhexanoic acid, dimethyloctanoic acid, isotridecanoic 
acid, isomyristic acid, isostearic acid, isoarachic acid, and 
isohexanoic acid. Speci?c examples of the unsaturated car 
boxylic acid include palmitoleic acid, oleic acid, elaidic 
acid, linoleic acid, linolenic acid; and unsaturated hydroxy 
acids such as ricinoleic acid. Speci?c examples of the 
aliphatic dicarboxylic acid include adipic acid, aZelaic acid, 
and sebacic acid. Speci?c examples of the aromatic car 
boxylic acid include benZoic acid, phthalic acid, trimellitic 
acid, and pyromellitic acid. Alicyclic fatty acids such as 
naphthenic acid may be employed. These carboxylic acids 
may be used singly or in combination of tWo or more 
species. 
[0045] No particular limitation is imposed on the metal 
species forming the carboxylic acid metal salts. Examples 
include alkali metals such as lithium, potassium, and 
sodium; alkaline earth metals such as magnesium, calcium, 
and strontium; and other metals such as Zinc, nickel, and 
aluminum. Among them, alkali metals and alkaline earth 
metals are preferred, With alkali metals being particularly 
preferred. only one metal species or tWo or more metal 
species may be introduced to one carboxylic acid species. 

[0046] The refrigerator oil composition of the present 
invention preferably has a carboxylic acid metal salt content 
of 0.001 to 5% by mass, particularly preferably 0.005 to 3% 
by mass. When the salt content is less than 0.001% by mass, 
Wear resistance is insufficient, Whereas When the salt content 
exceeds 5% by mass, stability may decrease. Needless to 
say, both cases are not preferred. 

[0047] Examples of the extreme pressure agent employed 
in the present invention include a phosphate ester, an acid 
phosphate ester, a phosphite ester, an acid phosphite ester, 
and a phosphorous compound such as an amine salt thereof. 
Examples of the phosphate ester include triaryl phosphates, 
trialkyl phosphates, trialkylaryl phosphates, triarylalkyl 
phosphates, and trialkenyl phosphates. Speci?c examples 
include triphenyl phosphate, tricresyl phosphate, benZyl 
diphenyl phosphate, ethyl diphenyl phosphate, tributyl phos 
phate, ethyl dibutyl phosphate, cresyl diphenyl phosphate, 
dicresyl phenyl phosphate, ethylphenyl diphenyl phosphate, 
diethylphenyl phenyl phosphate, propylphenyl diphenyl 
phosphate, dipropylphenyl phenyl phosphate, triethylphenyl 
phosphate, tripropylphenyl phosphate, butylphenyl diphenyl 
phosphate, dibutylphenyl phenyl phosphate, tributylphenyl 
phosphate, trihexyl phosphate, tri(2-ethylhexyl)phosphate, 
tridecyl phosphate, trilauryl phosphate, trimyristyl phos 
phate, tripalmityl phosphate, tristearyl phosphate, and trio 
leyl phosphate. 

[0048] Examples of the acid phosphate ester include 2-eth 
ylhexyl acid phosphate, ethyl acid phosphate, butyl acid 
phosphate, oleyl acid phosphate, tetracosyl acid phosphate, 
isodecyl acid phosphate, lauryl acid phosphate, tridecyl acid 
phosphate, stearly acid phosphate, and isostearyl acid phos 
phate. 

[0049] Examples of the phosphite ester include triethyl 
phosphite, tributyl phosphite, triphenyl phosphite, tricresyl 
phosphite, tri(nonylphenyl)phosphite, tri(2-ethylhexy 
l)phosphite, tridecyl phosphite, trilauryl phosphite, triisooc 
tyl phosphite, diphenyl isodecyl phosphite, tristearyl phos 
phite, trioleyl phosphite, and 2-ethylhexyl diphenyl 
phosphite. 
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[0050] Examples of the acid phosphite ester include dibu 
tyl hydrogen phosphite, dilauryl hydrogen phosphite, dioleyl 
hydrogen phosphite, distearyl hydrogen phosphite, and 
diphenyl hydrogen phosphite. 

[0051] Examples of the amines Which formamine salts 
With the phosphate esters include monosubstituted amines, 
disubstituted amines, and trisubstituted amines, Which are 
represented by the formula (VI): 

(Wherein R represents an alkyl group or alkenyl group 
having from 3 to 30 carbon atoms, an aryl group or aralkyl 
group having from 6 to 30 carbon atoms, or a hydroxyalkyl 
group having from 2 to 30 carbon atoms; s is 1, 2, or 3; When 
a plurality of Rs are present, these Rs may be identical to or 
different from one another). The alkyl or alkenyl group 
having from 3 to 30 carbon atoms represented by R in 
formula (VI) may be linear, branched, or cyclic. 

[0052] Examples of the monosubstituted amines include 
butylamine, pentylamine, hexylamine, cyclohexylamine, 
octylamine, laurylamine, stearylamine, oleylamine, and ben 
Zylamine. Examples of the disubstituted amines include 
dibutylamine, dipentylamine, dihexylamine, dicyclohexy 
lamine, dioctylamine, dilaurylamine, distearylamine, dio 
leylamine, dibenZylamine, stearylmonoethanolamine, 
decylmonoethanolamine, hexylmonopropanolamine, ben 
Zylmonoethanolamine, phenylmonoethanolamine, and tolyl 
monopropanol. Examples of the trisubstituted amines 
include tributylamine, tripentylamine, trihexylamine, tricy 
clohexylamine, trioctylamine, trilaurylamine, tristeary 
lamine, trioleylamine, tribenZylamine, dioleylmonoethano 
lamine, dilaurylmonopropanolamine, 
dioctylmonoethanolamine, dihexylmonopropanolamine, 
dibutylmonopropaolamine, oleyldiethanolamine, stearyl 
dipropanolamine, lauryldiethanolamine, octyldipropanola 
mine, butyldiethanolamine, benZyldiethanolamine, phe 
nyldiethanolamine, tolyldipronanolamine, 
xylyldiethanolamine, triethanolamine, and tripropanola 
mine. 

[0053] Among these phosphorus compound extreme pres 
sure agents, tricresyl phosphate, tri(nonylphenyl)phosphite, 
dioleyl hydrogen phosphite, and 2-ethylhexyl diphenyl 
phosphite are particularly preferred from the vieWpoint of 
properties such as extreme pressure performance and tribo 
logical characteristics. 

[0054] Other than the aforementioned extreme pressure 
agents, there may be employed sulfur compound extreme 
pressure agents such as sul?diZed fats and oils, sulfuriZed 
fatty acid, sulfuriZed esters, sulfuriZed ole?ns, dihydrocarbyl 
polysul?des, thiocarbamate compounds, thioterpene com 
pounds, and dialkyl thiodipropionate compounds. The sul 
furiZed fats and oils are produced through reaction of a fat 
or an oil (e.g., lard, Whale oil, vegetable oil, or ?sh oil) With 
sulfur or a sulfur-containing compound. Although no par 
ticular limitation is imposed on the sulfur content, the 
content is preferably 5 to 30% by mass. Speci?c examples 
include sulfuriZed lard, sulfuriZed rape seed oil, sulfuriZed 
castor oil, sulfuriZed soy bean oil, and sulfuriZed rice bran 
oil. Examples of the sulfuriZed fatty acids include sulfuriZed 
oleic acid. Examples of the sulfuriZed esters include sulfu 
riZed methyl oleate and sulfuriZed octyl ester of rice bran 
fatty acid. 
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[0055] Examples of the sulfuriZed ole?ns include com 
pounds represented by the folloWing formula (VII): 

(Wherein R21 represents an alkenyl group having from 2 to 
15 carbon atoms, R22 represents an alkyl group or alkenyl 
group having from 2 to 15 carbon atoms; and t is an integer 
of 1 to 8). These compounds are produced through reaction 
betWeen an ole?n having from 2 to 15 carbon atoms or a 
dimer to tetramer thereof and a sul?diZing agent such as 
sulfur or sulfur chloride. Preferred ole?ns are propylene, 
isobutene, and diisobutene. 

[0056] Examples of the dihydrocarbyl polysul?des 
include compounds represented by the folloWing formula 
(V 111): 

RBiSHiRZ“ (vm) 
(Wherein R23 and R24, Which may be identical to or different 
from each other, each represent an alkyl group or cyclic 
alkyl group having from 1 to 20 carbon atoms, an aryl group 
having from 6 to 20 carbon atoms, an alkyl aryl group 
having from 7 to 20 carbon atoms, or an arylalkyl group 
having from 7 to 20 carbon atoms; and u is an integer of 2 
to 8). When each of R23 and R24 is an alkyl group, the 
compound is called alkyl sul?de. 

[0057] Examples of the group represented by R23 or R24 in 
the formula (VIII) include methyl, ethyl, n-propyl, isopro 
pyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl groups, 
hexyl groups, heptyl groups, octyl groups, nonyl groups, 
decyl groups, dodecyl groups, cyclohexyl, cyclooctyl, phe 
nyl, naphthyl, tolyl, xylyl, benZyl, and phenetyl. 

[0058] Examples of preferred dihydrocarbyl polysul?des 
include dibenZyl polysul?des, di-tert-nonyl polysul?des, 
didodecyl polysul?des, di-tert-butyl polysul?des, dioctyl 
polysul?des, diphenyl polysul?des, and dicyclohexyl 
polysul?des. 

[0059] Examples of the thiocarbamate compounds include 
Zinc dithiocarbamate. Examples of the thioterpene com 
pounds include a reaction product of phosphorus pentasul 
?de and pinene. Examples of the dialkyl thiodipropionate 
compounds include dilauryl thiodipropionate and distearyl 
thiodipropionate. 

[0060] In the present invention, the aforementioned 
extreme pressure agents may be used singly or in combina 
tion of tWo or more species. In a preferred embodiment, one 
or more species selected from among carboxylic acid metal 
salts and phosphorus compound extreme pressure agents are 
used in combination. Particularly preferably, a combination 
of a carboxylic acid metal salt and a phosphorus compound 
extreme pressure agent is preferred. In this case, one or more 
carboxylic acid metal salts and one or more phosphorus 
compound extreme pressure agents are used in combination. 

[0061] Generally, the amount of extreme pressure agent(s) 
other than the aforementioned phosphorus compound 
extreme pressure agent incorporated into the composition is 
preferably 0.001 to 5% by mass, particularly preferably 0.01 
to 3% by mass. When the amount is less than 0.001% by 
mass, lubricity may be poor, Whereas When the amount 
exceeds 5% by mass, sludge formation may be promoted. 

[0062] Examples of preferably incorporated antioxidants 
include phenol-based compounds such as 2,6-di-tert-butyl 



US 2007/0272893 A1 

4-methylphenol, 2,6-di-tert-butyl-4-ethylphenol, and 2,2' 
methylenebis(4-methyl-6-tert-butylphenol), and amine 
based compounds such as phenyl-ot-naphthylamine and 
N,N'-diphenyl-p-phenylenediamine. The antioxidant is gen 
erally incorporated into the composition in an amount of 
0.01 to 5% by mass, preferably 0.05 to 3% by mass. When 
the amount is less than 0.01% by mass, the anti-oxidation 
effect may be poor, Whereas When the amount exceeds 5% 
by mass, the effect commensurate With the addition is no 
longer attained. 

[0063] Examples of the acidscavenger include phenyl gly 
cidyl ether, alkyl glycidyl ether, alkylene glycol glycidyl 
ether, cyclohexene oxide, ot-ole?n oxide, and epoxy com 
pounds such as epoxidiZed soy bean oil. Among them, 
phenyl glycidyl ether, alkyl glycidyl ether, alkylene glycol 
glycidyl ether, cyclohexene oxide, and ot-ole?n oxide are 
preferred. 
[0064] The alkyl group of the alkyl glycidyl ether and the 
alkylene group of the alkylene glycol glycidyl ether may be 
branched and, generally, each have 3 to 30 carbon atoms, 
preferably 4 to 24 carbon atoms, particularly preferably 6 to 
16 carbon atoms. The ot-ole?n oxide generally has 4 to 30 
carbon atoms in total, preferably 4 to 24 carbon atoms, 
particularly preferably 6 to 16 carbon atoms. In the present 
invention, the aforementioned acid-scavengers may be used 
singly or in combination of tWo or more species. Generally, 
the acid-scavenger is preferably incorporated into the com 
position in an amount of 0.005 to 5% by mass, particularly 
preferably 0.05 to 3% by mass. When the amount is less than 
0.005% by mass, the effect commensurate With the addition 
may fail to be attained, Whereas When the amount exceeds 
5% by mass, sludge may be formed. Needless to say, both 
cases are not preferred. 

[0065] According to the present invention, the acidscav 
enger incorporated into the composition enhances stability 
of the composition under exposure to supercritical carbon 
dioxide. In the case Where the aforementioned extreme 

pressure agent and antioxidant are used in combination, 
stability of the composition can be further enhanced. 

[0066] Examples of the defoaming agent include silicone 
oil and ?uorosilicone oil. 

[0067] Without impairing the object of the present inven 
tion, into the refrigerator oil composition of the present 
invention, other knoWn additives such as a copper-inacti 
vating agent such as Ni[N,N'-dialkyl(alkyl having from 3 
to 12 carbon atoms)aminomethyl]triaZole may appropriately 
be incorporated. 

[0068] In the present invention, the carbon dioxide refrig 
erant contains carbon dioxide serving as a predominant 
component and may further contain a hydrocarbon refrig 
erant such as propane or isobutane; an ammonia-based 

refrigerant; or a chloro?uoro compound refrigerant (typi 
cally 1,1,1,2-tetra?uoroethane (R-134a)) such as hydro?uo 
rocarbon or ?uorocarbon. In the case of the above refrigerant 

mixtures, the effect of the present invention can be attained, 
so long as each refrigerant contains carbon dioxide as a 

predominant component (particularly preferably at least 
90% by mass). 
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[0069] In a method for lubrication of a refrigerator 
employing the refrigerator oil composition of the present 
invention, the aforementioned carbon dioxide refrigerant 
and the refrigerator oil composition are preferably employed 
at a ratio (refrigerant/refrigerator oil composition) by mass 
of 99/1 to 10/90, more preferably 95/5 to 30/70. When the 
amount of refrigerant is smaller than the above range, 
freeZing performance is impaired, Whereas When the amount 
exceeds the above range, lubrication performance is poor. 
The refrigerator oil composition of the present invention can 
be employed in a variety of refrigerators and is particularly 
suitably employed in a compression refrigeration cycle of a 
compression refrigerator. For example, the refrigerator oil 
composition of the present invention is most effectively 
employed in compression refrigeration cycles having an oil 
separator and/or a hot gas line, Which are shoWn in attached 
FIGS. 1 to 4. In general, a compression refrigeration cycle 
includes a compressor, a condenser, an expansion valve, and 
an evaporator. 

[0070] In FIGS. 1 to 4, numeral 1 denotes a compressor, 
2 denotes a condenser, 3 denotes an expansion valve, 4 
denotes an evaporator, 5 denotes an oil separator, 6 denotes 
a hot gas line, and 7 denotes a hot gas line valve. 

[0071] When the refrigerator oil composition of the 
present invention is employed for lubrication in a refrigera 
tor based on a refrigeration cycle employing the aforemen 
tioned carbon-dioxide-based refrigerant, excellent heat 
exchange ef?ciency can be attained, and the composition 
exhibits excellent stability and lubricity, ensuring long-term 
stable use thereof. 

[0072] The refrigerator oil composition of the present 
invention may be used in, for example, a hot-Water supply 
ing machine, an automobile air-conditioner, an air-condi 
tioner, a refrigerator, a heat pump, a hot-Water supplying 
system employed in an automatic vending machine or a 

shoWcase, or a refrigeration-heating system. 

[0073] Next, the hot-Water supplying system Will be 
described. 

[0074] FIG. 5 shoWs an essential con?guration of a heat 
pump hot-Water supplying machine. As shoWn in FIG. 5, the 
hot-Water supplying system includes a refrigeration cycle in 
Which carbon dioxide refrigerant is circulated, and a heating 
cycle for heating supplied Water. 

[0075] The refrigeration cycle Will be described. A closed 
type electric compressor 11, Which is placed in a sealable 
container or a similar container, compresses refrigerant gas 
(carbon dioxide refrigerant) at loW temperature and pres 
sure, and in turn discharges high-temperature, high-pressure 
refrigerant gas to a Water-coolant heat exchanger 12 (heat 
exchanger for heat radiation). The refrigerant gas fed to the 
Water-coolant heat exchanger 12 gives the heat to loW 
temperature Water through sensible heat exchange. Subse 
quently, the refrigerant passes through a pressure-reducer 
13, to thereby form loW-temperature, loW-pressure refriger 
ant, Which is transferred to a heat exchanger 14 (heat 
exchanger for heat absorption). The refrigerant fed to the 
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heat exchanger 14 absorbs heat to evaporate, and cold air is 
radiated by means of a blowing fan 15. 

[0076] The loW-temperature, loW-pressure refrigerant gas 
is transferred again, from the heat exchanger 14, to the 
compressor 11 through suction. The above cycle is repeated. 
Since carbon dioxide refrigerant can realize a supercritical 
cycle, supercritical conditions are ensured at high pressure. 
Thus, a desired high pressure can be attained, and Water of 
about 100° C. can be readily provided. 

[0077] The Water-heating cycle Will next be described. 
First, loW-temperature Water fed through a Water intake hole 
16 is transferred to the Water-coolant heat exchanger 12, 
Where Water absorbs heat to provide hot Water. The hot Water 
is transferred to a hot Water reservoir tank 17, and supplied 
through a Water outlet hole 18. In order to control Water 

temperature, the supplied Water may be mixed With hot 
Water fed directly through the Water-coolant heat exchanger 
12. 

[0078] The present invention Will next be described in 
more detail by Way of examples, Which should not be 
construed as limiting the invention thereto. 

[0079] The folloWing is the refrigerator oils employed in 
the Examples. 

[0080] Al: Polypropylene glycol dimethyl ether, kine 
matic viscosity (at 400 C.): 42 mm2/s, and hue (ASTM): 
<0.5 

[0081] A2: Polypropylene-polyethylene glycol copolymer 
dimethyl ether, (PO/PE=8/2 (mass)), kinematic viscosity (at 
400 C.): 100 mm2/s, and hue (ASTM): <0.5 

[0082] A3: Polyethyl vinyl ether-polyisobutyl vinyl ether 
copolymer, (EV/BV=1/9 (mass)), viscosity (at 400 C.): 68 
mm2/S, and hue (ASTM): <0.5 

[0083] A4: Polyethyl vinyl ether, viscosity (at 400 C.): 430 
mm2/s, and hue (ASTM): <0.5 

[0084] A5: Pentaerythritol ester of 2-ethylhexanoic acid/ 
3,5,5-trimethylhexanoic acid mixture (1/1 (mass)), kine 
matic viscosity (at 400 C.): 65 mm2/S, and hue (ASTM): 
<0.5 

[0085] A6: poly(0t-ole?n), kinematic viscosity (at 400 C.): 
28 mm2/S, and hue (ASTM): <0.5 

[0086] A7: Paraf?nic mineral oil, hydrogenated product, 
kinematic viscosity (at 400 C.): 32 mm2/ s, and hue (ASTM): 
<0.5 

[0087] A8: Naphthenic mineral oil, kinematic viscosity (at 
400 C.): 56 mm2/s, S content: 0.03% by mass, and hue 
(ASTM): <0.5 

[0088] A9: Polypropylene glycol dimethyl ether, kine 
matic viscosity (at 400 C.): 56 mm2/s, and hue (ASTM): 1.5 

[0089] A10: Polyethyl vinyl ether, kinematic viscosity (at 
400 C.): 570 mm2/s, and hue (ASTM): 1.5 
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[0090] A11: Pentaerythritol ester of 2-ethylhexanoic acid/ 
3,5,5-trimethylhexanoic acid mixture (1/1 (mass)), kine 
matic viscosity (at 400 C.): 65 mm2/s, and hue (ASTM): 2.0 

[0091] A12: Paraf?nic mineral oil, solvent puri?ed, kine 
matic viscosity (at 400 C.): 450 mm2/s, and hue (ASTM): 2.0 

[0092] B1: Polybutene, kinematic viscosity (at 400 C.): 
1,500 mm2/s, and hue (ASTM): <0.5 

[0093] B2: CO2 (single component) 

[0094] Refrigerator oil samples A1 to A6 and B1 Were 
produced under an atmosphere (nitrogen >99% by volume, 
oxygen <1% by volume) through respective methods, and 
refrigerator oil samples A9 to All Were produced under an 
atmosphere (nitrogen 95% by volume, oxygen 5% by vol 
ume) through respective methods. 

EXAMPLES 1 TO 8, COMPARATIVE EXAMPLE 
1, AND REFERENTIAL EXAMPLE 1 

[0095] Characteristic values of the refrigerator oil samples 
shoWn in Table 1 Were determined through the method 
described beloW. Table 1 shoWs the results. FIG. 6 is a graph 
shoWing the relationship betWeen the amount of refrigerator 
oil dissolves in CO2 and heat exchange ef?ciency. 

(1) The amount of refrigerator oil dissolves in 15 MPa-100o 
C. supercritical C02 

[0096] A mixture containing a refrigerator oil dissolved in 
15 MPa-100o C. supercritical CO2 Was sampled and 
Weighed. After removal of CO2, the remaining refrigerator 
oil Was Weighed. From tWo mass values, the amount of 
refrigerator oil dissolves Was calculated. 

(2) Viscosity of Mixtures 

[0097] Viscosity of a mixture containing a refrigerator oil 
dissolved to saturation in 15 MPa-100o C. supercritical CO2 
Was determined by means of a viscometer set in a pressure 

container. 

(3) Dielectric Constant of Mixtures 

[0098] Dielectric constant of a mixture containing a refrig 
erator oil dissolved to saturation in 15 MPa-100o C. super 
critical CO2 Was determined by means of a dielectric con 

stant meter set in a pressure container. 

(4) Density of Mixtures 

[0099] Density of a mixture containing a refrigerator oil 
dissolved to saturation in 15 MPa-100o C. supercritical CO2 
Was determined by means of a density measuring cell. 

(5) Heat Exchange Ef?ciency 

[0100] Heat exchange ef?ciency of a heat exchanger (con 
denser) during operation in a supercritical state employing a 
C02 refrigeration cycle Was determined. The e?iciency is 
represented by an index With respect to 100, Which is a heat 
exchange ef?ciency obtained in the case Where CO2 Was 
used as a single component. 
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TABLE 1 
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The amount of 
refrigerator oil 
dissolved in Viscosity of Dielectric Density of Heat exchange 

Refrigerator supercritical mixture constant of mixture efficiency 
oil CO2 (mass %) (mPa - s) mixture (g/cm3) [index] 

Ex. 1 A1 3.2 0.07 1.9 0.49 99 
Ex. 2 A2 2.1 0.06 1.8 0.48 99 
Ex. 3 A3 3.7 0.07 1.9 0.50 99 
Ex. 4 A4 4.1 0.12 2.2 0.50 99 
Ex. 5 A5 4.3 0.08 2.1 0.51 99 
Ex. 6 A6 0.2 0.02 1.5 i 96 

Ex. 7 A7 0.2 0.03 1.5 i 97 

Ex. 8 A8 0.3 0.04 1.5 i 97 

Comp. Ex. 1 B1 0.05 0.01 1.4 i 93 
Ref. Ex. 1 B2 i 0.01> 1.3 i 100 

EXAMPLES 9 TO 16 

[0101] Each of the refrigerator oils shown in Table 2 (50 
g), CO2 (50 g), and catalytic amounts of Fe, Cu, and Al were 
placed in an autoclave. A durability test of the mixture was 
performed by maintaining the mixture at 25° C. for 10 days. 
Acid value of the oil was determined, and appearance of the 
oil and sludge formation were checked. 

[0102] Heat exchange ef?ciency of a heat exchanger 
employing the oil after completion of the durability test was 
determined in the following manner. 

[0103] Speci?cally, a C02 refrigeration cycle was oper 
ated in a supercritical state for 2,000 hours. Heat exchange 
ef?ciency of the heat exchanger (condenser) during this 
operation was determined, and the ef?ciency is represented 
by an index with respect to 100, which is a heat exchange 
ef?ciency obtained in the case where CO2 was used as a 
single component. 

[0104] The results are shown in Table 2 

TABLE 2 

employed in a refrigerating system operated in a supercriti 
cal state of carbon dioxide refrigerant. In particular, the 
composition can enhance heat-exchange ef?ciency during 
passage of supercritical carbon dioxide through a heat 
exchanger as well as has excellent durability and lubrication 
performance. The a refrigerator oil composition is employed 
in, for example, a hot-water supplying machine, an automo 
bile air-conditioner, an air-conditioner, a refrigerator, a heat 
pump, a hot-water supplying system employed in an auto 
matic vending machine or a showcase, or a refrigeration 
heating system. 

1. A refrigerator oil composition for use with carbon 
dioxide refrigerant, characterized in that the composition 
dissolves in an amount of at least 0.1% by mass in a 
supercritical carbon dioxide at a temperature of 1000 C. 
under a pressure of 15 Mpa. 

2. A refrigerator oil composition for use with carbon 
dioxide refrigerant as claimed in claim 1, wherein, a mixture 

The amount of 
refrigerator oil Refrigerator oil characteristics Heat exchange 
dissolved in after autoclave test efficiency after 

Refrigerator supercritical Acid value Sludge durability test 
oil CO2 (mass %) Appearance (mgKOH/g) formation [index] 

Ex. 9 A1 3.2 Fair 0.01 No 99 
Ex 10 A4 4.1 Fair 0.01 No 99 
Ex 11 A5 4.3 Fair 0.02 No 99 
Ex 12 A7 0.2 Fair 0.01 No 99 
Ex 13 A9 3.2 Brown 0.05 Yes 96 
Ex 14 A10 4.1 Brown 0.04 Yes 97 
Ex 15 A11 4.3 Brown 2.3 Yes 92 
Ex 16 A12 0.2 Brown 0.04 Yes 95 

[0105] As is clear from Table 2, when a refrigerator oil 
exhibiting a hue (ASTM) greater than 1 was used, the 
refrigerator oil assumed brown and exhibited an increase in 
acid value, after the durability test. In addition, sludge was 
formed, resulting in decrease in heat exchange ef?ciency. 

INDUSTRIAL APPLICABILITY 

[0106] The refrigerator oil composition of the present 
invention for use with carbon dioxide refrigerant is 

of the supercritical carbon dioxide at a temperature of 1000 
C. under a pressure of 15 Mpa and the refrigerator oil 
composition dissolved in the supercritical carbon dioxide to 
saturation has a viscosity of at most 1 mPa-s. 

3. A refrigerator oil composition for use with carbon 
dioxide refrigerant as claimed in claim 1, wherein, a mixture 
of the supercritical carbon dioxide at a temperature of 1000 
C. under a pressure of 15 Mpa and the refrigerator oil 
composition has a dielectric constant of 1 to 5. 
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4. A refrigerator oil composition for use With carbon 
dioxide refrigerant as claimed in claim 1, Wherein, a mixture 
of the supercritical carbon dioxide at a temperature of 100° 
C. under a pressure of 15 Mpa and the refrigerator oil 
composition has a density of 0.1 to 0.9 g/cm3. 

5. A refrigerator oil composition for use With carbon 
dioxide refrigerant as claimed in claim 1, Wherein, a mixture 
of the supercritical carbon dioxide at a temperature of 1000 
C. under a pressure of 15 Mpa and the refrigerator oil 
composition has a thermal conductivity of 0.0001 to 0.01 
W/m~K. 

6. A refrigerator oil composition for use With carbon 
dioxide refrigerant as claimed in claim 1, Which comprises 
at least one base oil selected from the groups consist of 
polyoxyalkylene glycol and a derivative thereof, polyvinyl 
ether, polyol ester, poly(0t-ole?n), alkylbenZene, and min 
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eral oil, and has a kinematic viscosity of 3 to 1,000 mm2/ s 
at 400 C. and a hue (ASTM) at most 1. 

7. A refrigerator oil composition for use With carbon 
dioxide refrigerant as claimed in claim 1, Which comprises 
at least one member selected from the groups consist of an 
extreme pressure agent, an antioxidant, an acidscavenger, 
and a defoaming agent. 

8. A refrigerator oil composition for use With carbon 
dioxide refrigerant as claimed in claim 1, Which is for use in 
a hot-Water supplying machine, an automobile air-condi 
tioner, an air-conditioner, a refrigerator, a heat pump, a 
hot-Water supplying system employed in an automatic vend 
ing machine or a shoWcase, or a refrigeration-heating sys 
tem. 


