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ASHRAE is a Registered Provider with The American Institute of Architects 

Continuing Education Systems.  Credit earned on completion of this program 

will be reported to ASHRAE Records for AIA members.  Certificates of 

Completion for non-AIA members are available on request. 

 

This program is registered with the AIA/ASHRAE for continuing professional 

education.  As such, it does not include content that may be deemed or 

construed to be an approval or endorsement by the AIA of any material of 

construction or any method or manner of handling, using, distributing, or 

dealing in any material or product.   

 

Questions related to specific materials, methods, and services will be 

addressed at the conclusion of this presentation. 
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Transition of Refrigerants and Lubricants 

Ref. R22 R410A 

R1234yf   

Oil MO PVE, POE PVE, POE 
Ref. R22 

Oil MO 

Ref. R22/R502 R404A CO2 

Oil MO PVE, POE PAG 

Ref. 

Oil 

Ref. R12 R134a R600a 

Oil MO POE MO 

Ref. R12 R134a 

R32, R1234yf 

Oil MO PAG PAG 
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Air-Conditioner 
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Vender Machine 
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1.Miscibility   

2.Solubility 

3.Mixture Viscosity 

4.Lubricity 

5.Volumetric Resistivity 

6.Stability 

 Requirement for Refrigeration Oil 

Refrigerants 

Four-way  

valve 

Expansion 

Valve 

Exchanger Exchanger 

Compressor 

Outdoor 

 unit 

Indoor unit 
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Properties of Refrigerants 

R410A R32 R1234yf

Molecular

structure

CH2F2 / CF3CHF2

50 / 50
CH2F2 CF3CF=CH2

ODP 0 0 0

GWP 2088 675 4

M.W. (g/mol) 52 / 120 52 114

Tc (℃) 72.0 78.1 94.7

Pc (MPa) 5.0 5.8 3.4



Lubricant PVE-1A PVE-2A

Refrigerant R410A R32

Viscosity @40℃ (mm
2
/s) 66.57 68.41

Viscosity @100℃ (mm
2
/s) 8.037 8.316

Viscosity Index 84 88

Density @15℃ (g/cm
3
) 0.9369 0.9440

Acid Number (mgKOH/g) 0.01> 0.01>

PVE type PVE1 PVE2

antiwear include include

antioxidant include include

acid catcher include include

additive
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 Specification of PVEs for R410A and R32 

Chemical Structure of PVE2 was modified 

H - (CH - CH - 

O-R1 

- (CH - CH2) m - - - H 

O-R2 

(CH - CH (CH - CH2) n 

m/n=a’/b’ 

 ⇒A 
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Refrigerants 

Four-way  

valve 

Expansion 

Valve 

Exchanger Exchanger 

Compressor 

Outdoor 

 unit 

Miscibility of PVEs for R32 

Indoor unit 

1.Miscibility   

2.Solubility 

3.Mixture Viscosity 

4.Lubricity 

5.Volumetric Resistivity 

6.Stability 
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 Miscibility of PVE-1A with R410A, R32 
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PVE-1A/R32 was less miscible than that of PVE-1A/R410A. 
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 Miscibility of PVE-2A with R32 
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Miscibility of PVE-2A/R32 was improved. 
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Refrigerants 

Four-way  

valve 

Expansion 

Valve 

Exchanger Exchanger 

Compressor 

Outdoor 

 unit 

Indoor unit 

 Solubility and Mixture Viscosity of PVEs for R32 

1.Miscibility   

2.Solubility 

3.Mixture Viscosity 

4.Lubricity 

5.Volumetric Resistivity 

6.Stability 
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 Solubility & Mixture Viscosity 

up 

down 

Viscometer 

Magnet 

Iron 

Oil/Ref Mixture 

Sapphire Tube 
Photo sensor 

Pressure 

Solubility (Xr) is determined as follows :                                                                    

       Xr = (Wr-dVg)／(Wo+Wr-dVg) 

Wo ; the mass of oil 

Wr   ; the mass of refrigerant 

 d     ; the refrigerant vapor density 

Vg   ; gas volume at the experimental temperature 

Detect and Calculation 

 ・Viscosity 

 ・Pressure 

 ・Solubility 

at constant 

Temp. 
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 Daniel Chart of PVE-2A 

100℃, 1.5MPa 

PVE-1A/R410A PVE-2A/R32 

Lubricants Refrigerants
Solubility

(wt%)

Viscosity

(mm
2
/s)

PVE-1A R410A 4.6 5.7

PVE-2A R32 3.5 5.2
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Refrigerants 

Four-way  

valve 

Expansion 

Valve 

Exchanger Exchanger 

Compressor 

Outdoor 

 unit 

Indoor unit 

1.Miscibility   

2.Solubility 

3.Mixture Viscosity 

4.Lubricity 

5.Volumetric Resistivity 

6.Stability 

Lubricity of PVEs for R32 
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Hermetic Type Block-on-Ring Tester 

Ring 

Refrigerant 

Load 

Block 

Thermocouple 

 Lubricity 

Condition Test

Temperature (℃) 100

Test Time (min) 60

Oil (g) 250

Refrigerant (MPa) 1.5

Test Piece (Ring) FC250

Test Piece (Block) SKH51

Load (N) 1400

Speed (rpm) 1400

  Lubricity Test Condition 
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 Lubricity of PVE-2A 

PVE-1A 

R410A 

PVE-2A 

R32 

Lubricity is good. 
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Refrigerants 

Four-way  

valve 

Expansion 

Valve 

Exchanger Exchanger 

Compressor 

Outdoor 

 unit 

Indoor unit 

1.Miscibility   

2.Solubility 

3.Mixture Viscosity 

4.Lubricity 

5.Volumetric Resistivity 

6.Stability 

Volumetric Resistivity of PVEs for R32 
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 Volumetric Resistivity 

Electrode 

Oil / Ref Mixture 

Sapphire Tube 

Pressure 

Resistance 

Meter 

I =        E 
１ 

ρ 

I  : Current density (A / m2) 

E : Electrostatic strength (V / m) 

ρ : Volumetric Resistivity (Ω･m) 
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 Volumetric Resistivity of PVE-2A 

Volumetric Resistivity is good. 
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Refrigerants 

Four-way  

valve 

Expansion 

Valve 

Exchanger Exchanger 

Compressor 

Outdoor 

 unit 

Indoor unit 

 Stability of PVEs for R32 

1.Miscibility   

2.Solubility 

3.Mixture Viscosity 

4.Lubricity 

5.Volumetric Resistivity 

6.Stability 
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 Autoclave Tester 

  Stability Test Condition 

Oil  & 

Refrigerant Catalyst 

( Fe,Cu,Al) 

 Stability 

Condition Test 1 Test 2

Temperature (℃) 175 175

Test Time (day) 14 14

Oil (g) 30 30

Refrigerant (g) 30 30

Water (ppm) 50> 500

Air (Torr) 5> 140

Catalyst Fe / Cu / Al Fe / Cu / Al

Condition of Test 1 is for Thermal Stability 

Condition of Test 2 is for Hydrolytic & Oxidation Stability 
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 Stability of PVE-2A 

PVE-1A 

R410A 

PVE-2A 

R32 

Target 

Stability is good. 
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 Good Lubricants with R32 

Refrigerants R32 

Lubricants PVE-1A PVE-2A 

Miscibility Poor Good 

Volumetric Resistivity Good Good 

Stability Good Good 

PVE-2A was selected. 
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Refrigerants 

Four-way  

valve 

Expansion 

Valve 

Exchanger Exchanger 

Compressor 

Outdoor 

 unit 

  Refrigerants 

(1) R1234yf 

(2) R1234yf / R32  

    (50wt% / 50wt%) 

Indoor unit 

1.Miscibility   

2.Solubility 

3.Mixture Viscosity 

4.Lubricity 

5.Volumetric Resistivity 

6.Stability 

Stability of PVEs for R1234yf 
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 Stability of PVE-1A 

R410A 

R1234yf 

R1234yf / R32 

Target 

R1234yf and R1234yf / R32 showed higher AN. 

⇒ Stability of R1234yf was less than that of R410A. 



Lubricant PVE-1A PVE-1B

Refrigerant R410A R1234yf

Viscosity @40℃ (mm
2
/s) 66.57 66.86

Viscosity @100℃ (mm
2
/s) 8.037 8.073

Viscosity Index 84 84

Density @15℃ (g/cm
3
) 0.9369 0.9370

Acid Number (mgKOH/g) 0.01> 0.01>

PVE type PVE1 PVE1

antiwear include include

antioxidant include include

acid catcher include include

New compound - include

additive
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 Specification of PVE-1B 

PVE-1B was included additive of the New compound. 

 ⇒B 
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 Stability of PVE-1B 

R410A 

R1234yf 

R1234yf / R32 

Target 

R410A 

R1234yf 

R1234yf / R32 

ANs of PVE-1Bs met with the Target. 

Test 1 

Test 2 
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 Conclusion(1) 

PVE-2A for A/C System with R32 

Good Miscibility 

Good Stability 

Good Lubricity 

Good Volumetric Resistivity 

&  

The development of PVE-2A for R32 

changed the monomer ratio of the PVE side chain. 

H - (CH - CH - 

O-R1 

- (CH - CH2) m - - - H 

O-R2 

(CH - CH (CH - CH2) n 

m/n=a’/b’ 
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 Conclusion(2) 

&  

The development of PVE-1B 

for R1234yf, R1234yf / R32 

included additive of the New-Compound. 

PVE-1B for A/C System 

with R1234yf, R1234yf / R32 

Good Miscibility 

Good Stability 

Good Lubricity 

Good Volumetric Resistivity 
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30  Specification of PVE-3A 

For cold area with R32 

Chemical Structure of PVE3 was modified 

Miscibility of PVE-3A was improved. 

Lubricant PVE-2A PVE-3A

Refrigerant R32 R32

Viscosity @40℃ (mm
2
/s) 68.41 65.01

Viscosity @100℃ (mm
2
/s) 8.316 8.030

Viscosity Index 88 88

Density @15℃ (g/cm
3
) 0.9440 0.9542

Acid Number (mgKOH/g) 0.01> 0.01>

PVE type PVE2 PVE3

antiwear include include

antioxidant include include

acid catcher include include

additive



Questions ? 
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Thank you ! 

Tomoya Matsumoto - Idemitsu Kosan – Japan 

EMAIL:   tomoya.matsumoto@idemitsu.com 

 

Yasuhiro Kawaguchi  - Idemitsu Kosan – Japan 

EMAIL:   yasuhiro.kawaguchi@idemitsu.com 

 

Eric Schweim - Idemitsu Lubricants America 

EMAIL:    eschweim@ilacorp.com  

PHONE:    (248) 455 - 1456 
 


