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Learning ObjectivesLearning Objectivesg jg j
1. Understand the importance of matching the right lubricant and refrigerant to 

optimize system operation, energy consumption and reliability.
2. Describe the important performance properties/criteria for a refrigeration 

lubricant.
3. Describe the difference between miscibility and solubility of 

lubricant/refrigerant mixtures. 
4. Recognize that not all systems are the same when it comes to choosing 

lubricants for a particular refrigerant.
5 U d t d th diff b t th i l GWP f i t5. Understand the differences between the various lower GWP refrigerants.
6. Understand how lubricant-refrigerant interactions affect the overall Life 

Cycle Climate Performance (LCCP).

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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Outline/AgendaOutline/Agendagg
• Accelerating the phase out of HFC 

f i trefrigerants.
• R-22 and R-410A replacements for AC.
• A requirement for new lubricants?
• Can the lubricant improve system COPCan the lubricant improve system COP 

and EER?
• Refrigerant/lubricant miscibility• Refrigerant/lubricant miscibility
• Working fluid solution viscosity
• Conclusions
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2012 Montreal Protocol HFC 2012 Montreal Protocol HFC 
Amendment (NAFTA)Amendment (NAFTA)Amendment (NAFTA)Amendment (NAFTA)



Refrigerant Options for RRefrigerant Options for R--22 and 22 and 
RR--410A Replacement in AC410A Replacement in ACRR--410A Replacement in AC410A Replacement in AC

Refrigerant Type ODP GWP ASHRAE
Safety Group

R-22 HCFC 0.05 1810 A1

R-410A HFC Blend 0 2080 A1

R-32 HFC 0 675 A2LR-32 HFC 0 675 A2L

L41a, L41b, 
ARM-70a, D2Y60, DR-5, 
HPR1D

HFC/HFO or
HFC/CO2/HFC
Blends

0 275-700 A2L*

R 1234R-1234ze
R-1234yf HFO 0 4-6 A2L

R-600a Hydrocarbon 0 3 A2

R-290 Hydrocarbon 0 3 A3

R-744 Natural 0 1 A1



RR--410A Alternatives410A Alternatives



Liquid Composition in a Liquid Composition in a 
Refrigeration CycleRefrigeration CycleRefrigeration CycleRefrigeration Cycle
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Potential Lubricant Related Issues in Potential Lubricant Related Issues in 
Changing from RChanging from R 410A to R410A to R 3232Changing from RChanging from R--410A to R410A to R--3232

Si ifi t h i R 32/l b i t• Significant changes in R-32/lubricant 
miscibility.

• Greater lubricant viscosity dilution by R-32 
refrigerant
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Miscibility Profile of a Miscibility Profile of a 
Traditional POE in RTraditional POE in R 410A410ATraditional POE in RTraditional POE in R--410A410A
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Miscibility Profile of a Miscibility Profile of a 
Traditional POE in RTraditional POE in R 3232
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Could the “gap” result in poor oil return and/or decreased HX efficiency?



Miscibility of an ISO 32 Advanced POEMiscibility of an ISO 32 Advanced POE
with Rwith R 32 Refrigerant32 Refrigerantwith Rwith R--32 Refrigerant32 Refrigerant
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Single Phase

Two Phases

12



Lubricant Viscosity Dilution by Lubricant Viscosity Dilution by 
RefrigerantRefrigerantRefrigerant Refrigerant 
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Measuring Measuring ThermochemicalThermochemical Properties of Properties of 
Refrigerant/Lubricant MixturesRefrigerant/Lubricant MixturesRefrigerant/Lubricant MixturesRefrigerant/Lubricant Mixtures

coeff # Dyn. Visc Press Density Kin. Visc
a1 -1.79446E+01 3.48166E+00 1.27953E+00 -5.10562E+00
a2 1.03941E+01 -1.38944E+02 -1.23123E-03 5.82199E+00
a3 -1.22731E+00 -1.91490E+05 7.29594E-07 -8.20213E-01
4 3 21533E 01 1 09774E 00 6 84895E 02 5 90926E 00a4 -3.21533E+01 -1.09774E+00 -6.84895E-02 -5.90926E+00

a5 1.20719E+01 1.34775E+03 2.44612E-03 2.91606E+00
a6 -1.19664E+00 -2.86484E+05 -4.58195E-06 -3.99393E-01
a7 -1.10460E+02 -5.28900E-01 2.44245E+00 -1.34335E+02
a8 4.18384E+01 2.47810E+02 -1.39472E-02 4.97634E+01
a9 -3.97946E+00 -4.91870E+04 1.88632E-05 -4.64048E+00
rsq 0.9992 0.999709 0.9999 0.9992
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Working Fluid Solution ViscosityWorking Fluid Solution Viscosityg yg y
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Note: Exact conditions for A, B and C are different for R-410A and R-32. Conditions were optimized for each refrigerant.



Working Fluid Solution ViscosityWorking Fluid Solution Viscosityg yg y
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Note: Exact conditions for A, B and C are different for R-410A and R-32. Conditions were optimized for each refrigerant.



ConclusionsConclusions
• Commercial synthetic lubricants used today with R-410A 

have significantly different compatibility with many of the 
alternative refrigerants being considered as low GWP 
replacements.

• R-32 in particular provides a significant lubrication• R-32 in particular provides a significant lubrication 
challenge.

• It may be necessary to use higher viscosity grade 
lubricants which are miscible with R-32 to provide 
equivalent performance and system reliability.

• The impact of the optimized lubricants on system energy• The impact of the optimized lubricants on system energy 
efficiency is under investigation.
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Questions?Questions?
Ed Hessell

Ed.hessell@Chemtura.comEd.hessell@Chemtura.com

The Refrigeration Technical Team
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Naugatuck R&D Center, Connecticut Fords Manufacturing Plant, New Jersey


