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Abstract —This study investigates alternative refrigerants and refrigerant oils as well as the tendency of pro-
tecting the global environment in view of automobile air-conditioning systems. Since decades, the R12 refrig-
erant is not used in automobile air-conditioners because of the ozone depletion potential (ODP) problem, and for
the last 20 years, the ODP-free R134a refrigerant is leading the new automotive air-conditioning market. How-
ever, owing to its high global warming potential (GWP), the R134a refrigerant use in automobile air-conditioning
system is also prohibited by law, and alternative refrigerants with a low GWP need to be proposed. Therefore,
recently, the application of R1234yf, R152a, or other alternative refrigerants has started worldwide. By contrast,
natural refrigerant R744 was introduced in the market several years ago by VDA (Verband Der Automo-
bilindustrie), which is a German association in the automotive industry. This study also deals with refrigerant oils.
For a long time, polyalkylene glycol (PAG) oil has been traditionally used with automobile air-conditioners, and
polyolester (POE) oil is suitable for HEV, PHEV, and EV air-conditioning systems, where it is used by the elec-
trically driven compressor owing to its excellent electrical insulation properties. Finally, PAG is an excellent
lubricant for all the R134a, R152a, R1234yf, and R744 refrigerants, and has the advantage that it can be applied
rapidly to alternative refrigerant air-conditioning systems.
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Tablel. Thermodynamic properties of R12 and R134a
refrigerants[28, 29]

Refrigerant R12 R134a
Chemical formula CCIsF, |CH.FCF;
Molecular weight 1209 | 102.3
Freezing point (°C) -158 -101
Normal point (°C) —29.8 | 265
Critical temperature (°C) 112.1 101.1
Critical pressure (kPa) 412 4067
Critical density (kg/m’) 558.1 | 5122

Liquid density (kg/cm®) 1304.7 | 1201.1
Vapor pressure at 10°C (kPa) 423.5 | 4146
Specific heat of liquid at 26.7°C

0.871 1.431
(kI/kg'K)
Specific heat of vapor at 1 atm
(kIke K) 0.590 | 0.854
Heat of vaporization at NBP (kJ/kg) | 167.2 | 217.8
Flammability limits (Vol.%) None | None
Ozone depletion potential 1 0
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Table 2. Thermodynamic properties alternative refrigerants
[24]
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Table 3. Comparison of general properties of automotive
refrigerant oils

Oils Mineral | PAG PVE POE

Viscosity] 40C | 977 | 482 | 664 | 875
mm¥s) | 100°c | 1158 | 1024 | 810 | 986

Viscosity Index 106 207 84 92

Density (g/cm®) | 0.8701 | 0.9954 | 0.9369 | 0.9631

Flash point (°C) 272 246 204 230

Pour point (C) | —20 | -40 | -37 | -37
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Table 4. Evolution trends of refrigerants and refrigerant oils

Before Presents Future
Refrigerant R410A R32, R1234yf
Room A/C - - -
Refrigerant oil Mineral PVE, POE PVE, POE
. Refrigerant R407¢ R744
Vender Machine - - -
Refrigerant oil Mineral PVE, POE PAG
Refrigerant R22, R502 R404a R744
Show case - - -
Refrigerant oil Mineral PVE, POE PAG
. Refrigerant R134a R600
Refrigerator - - - -
Refrigerant oil Mineral POE Mineral
Car A/C Refrigerant R134a, R1234yf R1234yf, R744, AC6
ar
Refrigerant oil Mineral PAG, POE PAG, POE
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