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ABSTRACT

Various refrigerants have been proposed as countermeasures against global warming and climate change.
Fluorine-containing refrigerants, techniques have been developed to reduce their global warming potential. However,
maintaining the stability of such refrigerants within a refrigeration cycle remains a challenge. Hydrocarbon refrigerants,
which inherently have low global warming potential, require safety measures due to their flammability. This report
presents recent studies on the responce of refrigeration oils to these emerging refrigerant trends.
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INTRODUCTION

Currently, efforts to maintain and improve global
environments are being made in various industrial fields,
and in the field of refrigeration and air conditioning,
energy saving of various devices and facilities and
switching to refrigerants having a low global warming
potential (GWP) are being promoted in order to suppress
global warming and climate change. In addition, there is
a possibility that R1234yf (2333 - tetrafluoropropene),
which is a hydrofluoroolefin (HFO) refrigerant that is a
main component of a low GWP refrigerant, cannot be
adopted in some regions due to strengthening of

regulations on chemical substances throughout the world.

In particular, in Europe, hydrocarbon refrigerants
containing no fluorine have been attracting attention
because of considering the legislation of PFAS
regulations for strengthening the regulation of fluorine
compounds has been studied since the last year.
Although the hydrocarbon-based refrigerant has very
high combustibility, R600a (isobutane), which is a
hydrocarbon-based refrigerant, has been adopted in the
field of household refrigerators in the past and is
currently the mainstream refrigerant in Europe and Asia.
And R290 (propane), which has a slightly higher
saturated vapor pressure than R600a, has also been used
as an environment-friendly refrigerant in the field of
small-sized air conditioning, the field of freezing and
refrigeration, and the field of hot water heating in recent
years, but there is a technical problem that it is necessary
to reduce the amount of the refrigerant to be sealed as
much as possible as a part of ensuring safety against high
combustibility.

In order to contribute to such a problem from the
viewpoint of the refrigeration oil, there is a means of
suppressing the solubility with the refrigerant. Since R12
(dichlorodifluoromethane) started to be used as a
refrigerant in 1930, the fact that the refrigerant and the
refrigeration oil are easily dissolved in each other has
become the center of the technology of the refrigeration
oil in the refrigeration cycle, in view of the fact that the

solubility with the naphthenic mineral oil, which is the
main refrigeration oil at that time, was good. But the
solubility between the refrigerant and the refrigeration
oil was not considered before that, and even today, a
combination of R717, which is operated all over the
world, and the naphthenic mineral oil or white oil, which
are not dissolved in each other, shows that. "> In addition,
a combination of a hydrofluorocarbon (HFC) refrigerant
such as R410A (difluoromethane / penta-fluoroethane)
or R32 (difluoromethane) and an alkyl-benzene oil, a
combination of R32 and a polyolester (POE) oil for
R410A, and the like, which are adopted by some
manufacturers in household air conditioners, are the
same, and it is shown that the operation is possible even
with a combination in which the refrigerant and the
refrigeration oil are not easily dissolved depending on
the use, the cycle design, and the control.

The reason why solubility between refrigeration oil and
refrigerant is required, is said to be due to the “*oil return"
performance, in which the small amount of refrigeration
oil discharged from the compressor along with the
refrigerant returns to the compressor through the
refrigeration cycle. 4

However, the refrigerant returning to the compressors is
basically vaporized, and returning in a liquid state is
considered to be a specific operation condition such as
defrosting depending on the application. Therefore, it is
considered that the "low solubility" that has started to be
required for the operation of the flammable refrigerant
can be effectively utilized by grasping not only the "two
phase separation temperature", which is the ratio and
temperature at which the liquid refrigerant and the
refrigeration oil are uniformly dissolved, but also the
relationship between the refrigerant and the refrigeration
oil in the environment of returning from the evaporator
to the compressor, and the difference in solubility
between the refrigeration oil and the refrigerant is
reported on the basis of several evaluation items.
Furthermore, the compatibility between an HFO -based
mixed refrigerant containing the latest R-1132 (E) and a



refrigeration oil is also introduced.

REFRIGERANT SOLUBILITY OF REFRIGER-
ATION Oil

REFRIGERANT AND REFRIGERATION OIL

First, the evaluation of the refrigerant solubility of
the refrigeration oil will be described. As the refrigerant,
the R32 of the HFC refrigerant for air conditioning and
the R1234yf of the HFO refrigerant for vehicular air
conditioning, cold insulation cars, and turbo refrigerators
were taken up from the "fluorine-containing refrigerant"
such as the HFC refrigerant and the HFO refrigerant, and
the R290 was selected from the "hydrocarbon-based
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with the target refrigerant and an oil that was hardly
compatible with the target refrigerant were selected from
the refrigerator oils applied to the respective refrigerants.
The refrigeration oils to be combined with the R32 were
“POE for R32” having high solubility, “POE for R410A”
having low solubility, and “Development Oil” ¢-® having
poor solubility. The refrigeration oils to be combined
with the R1234yf were “PAG for R1234yf” used for
vehicular air conditioning, “POE for R410A” and
“Development Oil” having poor solubility with HFC
refrigerants and HFO refrigerants, such as R1234yf R32
as described above. Table 1 lists the respective properties.
As the refrigeration oil to be combined with the R290,
naphthenic mineral oils and POE for R410A, which have
very high solubility, and PAG, which has low solubility

refrigerant” containing no fluoride. with R290, were selected. Table 2 lists the respective

As the evaluation oil, an oil that was easily compatible properties.
Table 1 Properties of Test Oils
POE VG68 POE VG68 PAG VG46 Developed
for R32 for R410A for R1234yf 0Oil VG46
Density, @15°C g/em? 0.986 0.960 1.013 0.925
Color, ASTM LO0.5 LO0.5 LO0.5 L1.0
Flash Point, COC °C 264 256 220 190
Pour Point, °C -40 -40 -42.5 -40
Kinematic Viscosity, @40°C mm?/s 62.6 66.2 46.5 41.5
Kinematic Viscosity, @100°C mm?/s 8.01 8.19 9.06 5.67
Acid Number, mgKOH/g 0.01 0.01 0.01 0.01
Water Content, ppm 35 35 100 30
Volume Resistivity, @25°C Q-cm 2x1013 5x10' 5x10'0 4x1013
Table 2 Properties of Test Oils

Naphthenic Mineral POE VG68 PAG VG60

0Oil VG100 for R290 for R410A for R290
Density, @15°C, g/cm® 0.919 0.960 1.012
Color, ASTM L1.5 LO0.5 LO0.5
Flash Point, COC, °C 234 256 234
Pour Point, °C -27.5 -40 -40
Kinematic Viscosity, @40°C, mm?/s 96.3 66.2 63.9
Kinematic Viscosity, @100°C, mm?/s 8.97 8.19 10.3
Acid Number, mgKOH/g 0.01 0.01 0.01
Water Content, ppm 20 35 100
Volume Resistivity, @25°C Q-cm 1x101 5x10M" 1x101°




COMPARISON RESULTS

Two phase separation temperature (critical solution

temperature)

Table 3 shows the two phase separation temperature
at an oil fraction of 20% by weight, which is close to the
lower critical solution temperature of each refrigeration
oil.

It can be seen that a combination which is easily
compatible shows a low value, but a combination which
is hardly compatible shows a high value or shows two
phase separation.

However, actually, since the refrigerant has already been
vaporized on the suction side of the compressor, the oil
fraction is usually high. For example, the two phase
separation temperature at an oil fraction of 90% by
weight is shown in Table 4. Even in a combination in
which the refrigerant is separated into two phases at an
oil fraction of 20% by weight, the two phase separation
temperature is a somewhat low value at an oil fraction of
90% by weight, and it can be seen that the refrigerant is
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dissolved in the refrigeration oil.

Pressure temperature solubility / temperature viscosity
solubilit

Although the conditions vary depending on the
application and the apparatus, the solubility of
refrigeration oil with refrigerant and its viscosity at that
time when the pressure at the outlet of the evaporator is
set to 0.1 MPa and the temperature is set to -20 ° C. are
shown in Table 5. When the viscosities of the respective
combinations are compared with each other, it can be
seen that the viscosity is not so large even in a
combination in which the refrigerant and the
refrigeration oil are hardly compatible with each other.
In particular, the viscosity of the combination with R32,
which is a refrigerant that is not easily dissolved in the
refrigeration oil, shows the equivalent value for all
refrigeration oils, and if the oil return to the compressor
is sufficient with this viscosity, it is considered that
sufficient oil return is ensured even with other
combinations.

Table 3 Two Phase Separation Temperature (Lower Temp. side)

POE VG68 for R32 POE VG68 for R410A  Developed Oil VG46
0il/R32, Oil Rate 20 mass%, °C +15 Separate Separate
POE VG68 for R410A PAG VGA6 for
or i
R1234yf Developed Oil VG46
Oil/R1234yf, Oil Rate 20 mass%, °C <-60 <-60 Separate
Naphthenic Mineral
. POE VG68 for R410A  PAG VG60 for R290
0Oil VG100 for R290
0il/R290, Oil Rate 20 mass%, °C <-60 <-60 Separate

Table 4 Two Phase Separation Temperature (Lower Temp. side, High Oil Fraction)

POE VG68 for R32 POE VG68 for R410A  Developed Oil VG46
0il/R32, Oil Rate 90 mass%, °C <-60 <-60 +10
PAG VG46 for .
POE VG68 for R410A Developed Oil VG46
R1234yf
Oil/R1234yf, Oil Rate 90 mass%, °C <-60 <-60 -24
Naphthenic Mineral Oil

VG100 for R290

POE VG68 for R410A  PAG VG60 for R290

0il/R290, Oil Rate 90 mass%, °C <-60

< -60 <-60
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Table 5 Solubility and Viscosity at 0.1MPa and -20°C
POE VG68 for R32 POE VG68 for R410A  Developed Oil VG46
Solubility, R32 mass% in Oil 3.8 3.2 1.2
Viscosity, mPa-s 2300 3000 3500
PAG VG46 for .
POE VG68 for R410A Developed Oil VG46
R1234yf
Solubility, R1234yf mass% in Oil 13.0 15.0 4.2
Viscosity, mPa-s 700 220 4100
Naphthenic Mineral Oil

VG100 for R290

POE VG68 for R410A PAG VG60 for R290

Solubility, R290 mass% in Oil 6.2

4.8 4.0

Viscosity, mPa-s 1000

1000 930

From the above, it was found that even when there is a
large difference in the solubility between the refrigerant
and the refrigeration oil, it is unlikely to have a large
influence on the oil return.

COMPATIBILITY BETWEEN HFO-BASED
MIXED REFRIGERANTS AND REFRIGER-
ATION Oil

R-1132 (E), which is one of the HFO refrigerant
components, has an extremely low global warming
potential and a saturation pressure close to that of R32,
and thus is useful as a refrigerant used in air conditioners
in terms of physical properties.
However, since there is a risk of occurrence of a
continuous decomposition reaction called '"self-
decomposition reaction" when used alone, a mixed
refrigerant has been studied.
This time, evaluation results of the compatibility of R474
that is currently being considered for use in car air
conditioners and other air conditioning equipment and
R474B that is being considered for use in the field of
food freezing and refrigeration, which are HFO-based
mixed refrigerants containing R1132(E), with “POE
VG68 for R410A” that is a current refrigeration oil for
HFCs are reported.

EVALUATION ITEMS

The basic suitability was assessed by the two phase
separation temperature (critical solution temperature) at
an oil content of 20% and the thermochemical and
hydrolytic stability.

In addition, the mixed volume resistivity of the
refrigerant and the refrigeration oil was measured, and
the electrical insulation property in a compressor with a
built-in electric motor widely used as a refrigerant
compressor was confirmed.

For the thermochemical and hydrolytic stabilities, only
R474A was the target refrigerant, and the test method
used was a sealed tube test in which a refrigeration oil
and a refrigerant, and an iron wire, a copper wire, and an
aluminum wire having a polished surface as a catalyst
for promoting a chemical reaction were sealed in a test
tube made of pressure-resistant glass and heated at 175 °
C. for 14 days.

To use R1234yf that is current HFO refrigerant for a car
air conditioner as a standard, a comparative test was
conducted with R474A and R474B.

EVALUATION RESULTS

Two phase separation temperature (critical solution

temperature)

The results of the measured two phase separation
temperature are shown in Table 6. It was confirmed that
these HFO refrigerant have very good solubility in the
POE refrigeration oil similarly to other HFO refrigerants.

Table 6 Two Phase Separation Temperature (Lower
Temp. side)

POE VG68

for R410A
0il/R474A, Oil Rate 20 mass%, °C <-60
0il/R474B, Oil Rate 20 mass%, °C <-60

When the solubility is too good, the refrigeration oil
causes a decrease in viscosity due to refrigerant dilution,
and therefore, it is necessary to select a base oil having
an appropriate dynamic viscosity or to reinforce by
adding an additive.
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Thermochemical Stability / Hydrolytic Stability Table 8 Hydrolytic Stability
Table 7 shows the test results of the thermochemical Oil POE VG68 for R410A
stability, and Table 8 shows the test results of the Refrigerant R474A
hydrolytic stability. Temp. / Term 175°C / 336hrs
It is considered that there is a high possibility that the Vacuum, Pa <13
existing POE refrigeration oil can also be applied to an Oil / Refrigerant, g 5/1
HFO-based mixed refrigerant containing R-1132 (E). Moisture, ppm <100 500
Table 7 Thermal-Chemical Stability Color (ASTM) L0.5 L0.5
Acid Number,
0il POE VG68 for R410A mgKOH/g 0.03 0.02
Refrigerant R474A Catalyst Surface
Fe Good Good
Temp. / Term 175°C / 336hrs Cu Good Good
Vacuum, Pa <13 Al Good Good
Moisture, ppm <100 Precipitation None None
Oil / Refrigerant, mL 1/1
Volume resistivity
Color (ASTM) LO0.5
Catalyst Surface The volume resistivity, which is one of the indices of
Fe Good electrical insulating properties, was measured in a mixed
Cu Good state with a refrigeration oil, and the adaptability to a
Al Good compressor with a built-in electric motor was evaluated,
Precipitation None and the results are shown in Figure 1. As compared with
the mixed volume resistivity of the existing refrigerant
R1234yf and the refrigeration oil POE VG68, both
R474A and R474B showed good results, and it could be
confirmed that there is no problem with the electrical
insulating properties in this combination.
Volume Resistibity of Oil / Refrigerant Mixture
1E+15
1E+14 — — R474A/POEVG68
R474B/POE VG638
16413
--------- R1234yf/POE VG68
1E+12
1E+11
1E+10
1E+09
100000000
0.0 20.0 40.0 60.0 80.0 100.0
Fig. 1 Volume Resistivity of Refrigeration Oil and Refrigerants
COCLUSIONS cycle differ depending on the application and the device,

In the present study, as one approach regarding the
oil return, there was shown a possibility that the oil
returnability cannot be evaluated only by the two phase
separation temperature at an oil fraction of 20% from the
viscosity of the refrigeration oil of the portion returning
to the compressor.

As a matter of course, the conditions of the refrigeration

and it can be easily assumed that factors other than the
pressure and the temperature also become large.
However, it is considered that, by increasing the range of
selection of the refrigeration oil in an application in
which the pipe is not so long, an air-conditioning
application dedicated to cooling, or the like, and
intentionally selecting a combination in which the



solubility between the refrigerant and the refrigeration
oil is low, it is possible to reduce the risk due to the
flammability of the refrigerant, and to suppress a
decrease in the refrigeration performance due to
excessive dissolution of the refrigerant in the
refrigeration oil.

In addition, the compatibility of the HFO-based mixed
refrigerant containing R-1132 (E), which is the latest
refrigerant, with the existing refrigeration oil for HFC
could be shown, and the basis of the application policy
of the refrigeration oil to such a refrigerant could be
shown.

As a member of a group of companies that have been
involved in this industry through refrigeration oils since
the early days of refrigerating machines, they want to
contribute to the development of the refrigerating and
air-conditioning industry from the viewpoint of
refrigeration oils.
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Various refrigerants have been proposed as countermeasures against global warming and climate change.
Fluorine-containing refrigerants, techniques have been developed to reduce their global warming potential. However,
maintaining the stability of such refrigerants within a refrigeration cycle remains a challenge. Hydrocarbon refrigerants,
which inherently have low global warming potential, require safety measures due to their flammability. This report
presents recent studies on the responce of refrigeration oils to these emerging refrigerant trends.
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Table 1 Properties of Test Oils
POE VG68 POE VG638 PAG VG46 Developed
for R32 for R410A for R1234yf 0Oil VG46
Density, @15°C g/em’ 0.986 0.960 1.013 0.925
Color, ASTM LO0.5 LO0.5 LO0.5 L1.0
Flash Point, COC °C 264 256 220 190
Pour Point, °C -40 -40 -42.5 -40
Kinematic Viscosity, @40°C mm?/s 62.6 66.2 46.5 41.5
Kinematic Viscosity, @100°C mm?/s 8.01 8.19 9.06 5.67
Acid Number, mgKOH/g 0.01 0.01 0.01 0.01
Water Content, ppm 35 35 100 30
Volume Resistivity, @25°C Q-cm 2x10"3 5x10M 5x101° 4x10"
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Table 2 Properties of Test Oils

Naphthenic Mineral POE VG68 PAG VG60

0il VG100 for R290 for R410A for R290
Density, @15°C, g/cm? 0.919 0.960 1.012
Color, ASTM L1.5 L0.5 L0.5
Flash Point, COC, °C 234 256 234
Pour Point, °C -27.5 -40 -40
Kinematic Viscosity, @40°C, mm?/s 96.3 66.2 63.9
Kinematic Viscosity, @100°C, mm?/s 8.97 8.19 10.3
Acid Number, mgKOH/g 0.01 0.01 0.01
Water Content, ppm 20 35 100
Volume Resistivity, @25°C Q-cm 1x101 5x10M" 1x101°
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ERENHLIGETH, MEVICKEREEL
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Table 3 Two Phase Separation Temperature (Lower Temp. side)

POE VG68 for R32 POE VG68 for R410A  Developed Oil VG46
0il/R32, Oil Rate 20 mass%, °C +15 Separate Separate
POE VG68 forR4I0A 0 Va6 Tor
" .
Y R1234yf Developed Oil VG46
0il/R1234yf, Oil Rate 20 mass%, °C <-60 <-60 Separate
Naphthenic Mineral

POE VG68 for R410A  PAG VG60 for R290

0Oil VG100 for R290

0il/R290, Oil Rate 20 mass%, °C

<-60

<-60 Separate
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Table 4 Two Phase Separation Temperature (Lower Temp. side, High Oil Fraction)
POE VG68 for R32 POE VG68 for R410A  Developed Oil VG46
Oil/R32, Oil Rate 90 mass%, °C <-60 <-60 +10
PAG VG46 for .
POE VG68 for R410A Developed Oil VG46
R1234yf
Oil/R1234yf, Oil Rate 90 mass%, °C <-60 <-60 -24
Naphthenic Mineral Oil
POE VG68 for R410A  PAG VG60 for R290
VG100 for R290
Oil/R290, Oil Rate 90 mass%, °C <-60 <-60 <-60
Table 5 Solubility and Viscosity at 0.1MPa and -20°C
POE VG68 for R32 POE VG68 for R410A  Developed Oil VG46
Solubility, R32 mass% in Oil 3.8 3.2 1.2
Viscosity, mPa-s 2300 3000 3500
PAG VG46 for )
POE VG68 for R410A Developed Oil VG46
R1234yf
Solubility, R1234yf mass% in Oil 13.0 15.0 4.2
Viscosity, mPa-s 700 220 4100
Naphthenic Mineral Oil
POE VG68 for R410A  PAG VG60 for R290
VG100 for R290
Solubility, R290 mass% in Oil 6.2 4.8 4.0
Viscosity, mPa-s 1000 1000 930
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Table 6 Two Phase Separation Temperature (Lower

Temp. side)
POE VG638
for R410A
0il/R474A, Oil Rate 20 mass%, °C <-60
0il/R474B, Oil Rate 20 mass%, °C <-60
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Table 7 Thermal-Chemical Stability

Oil POE VG68 for R410A
Refrigerant R474A
Temp. / Term 175°C / 336hrs
Vacuum, Pa <13
Moisture, ppm <100

Oil / Refrigerant, mL 1/1
Color (ASTM) L0.5
Catalyst Surface

Fe Good

Cu Good

Al Good
Precipitation None

Table 8 Hydrolytic Stability

Oil POE VG68 for R410A
Refrigerant R474A
Temp. / Term 175°C / 336hrs
Vacuum, Pa <13

Oil / Refrigerant, g 5/1
Moisture, ppm <100 500
Color (ASTM) L0.5 L0.5
Acid Number, mgKOH/g 0.03 0.02
Catalyst Surface

Fe Good Good
Cu Good Good
Al Good Good
Precipitation None None

- IRRRIEHTR
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Volume Resistibity of Oil / Refrigerant Mixture
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