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(R) R-12 (CFC-12), R-134a (HFC-134a), R-1234yf (HFO-1234yf),
R-744, and R-152a (HFC-152a)
Technician Training for Service and Containment of
Refrigerants Used in Mobile A/C Systems

RATIONALE

This SAE Standard is intended to identify the requirements for service technicians to be professionally trained when required
to service MAC systems that use refrigerant. Updates are being made to add R-152a and revise some requirements for
other refrigerants.

1. SCOPE

Mobile air conditioning (MAC) systems used in passenger cars and light duty trucks are covered by these SAE Standards
when servicing the refrigerant system. Technician training is required to ensure that recommended procedures are used for
service and repair of MAC systems using R-12, R-134a, R-1234yf, R-744, and R-152a refrigerants. Unique requirements
for each refrigerant are detailed within this standard. Technicians may be trained in any or all refrigerants. The technician
shall be trained to recognize which refrigerant is being handled and how to handle it safely, and be equipped with the
essential information, proper equipment, and tools which are unique to these refrigerants. This standard outlines minimum
content requirements for such training programs. Training programs designed in accordance with this standard are not
intended to ensure or assess the technical skills of technicians regarding the diagnosis and repair of motor vehicle air
conditioners. Rather, the goal of such programs is to provide information to technicians about safely handling refrigerants
and control of emissions during service.

2. REFERENCES
2.1 Applicable Documents

The following publications form a part of this specification to the extent specified herein. Unless otherwise indicated, the
latest issue of SAE publications shall apply.

2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

21.1.1  System Design Guidelines

SAE J639 Safety and Design Standards for Motor vehicle Refrigerant Vapor Compression Systems

SAE Executive Standards Committee Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and
suggestions.

Copyright © 2021 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of SAE. .
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SAE J2912

SAE J2913

SAE J2927
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System Components

Coupled Automotive Refrigerant Air Conditioning Hose Assemblies
Service Hose for Automotive Air Conditioning
HFC-134a (R-134a) Service Hose Fittings for Automotive Air Conditioning Service Equipment

R-1234yf and R744 Design Criteria and Certification for OEM Mobile Air Conditioning Evaporator and
Service Replacements

Automotive Refrigerant Air Conditioning Hose Requirements

Technician Service Procedures

Technician Procedures for Refrigerant Leak Detection in Service of Mobile Air Conditioning Systems
Recommended Service Procedure for the Containment of CFC-12 (R-12)
Recommended Service Procedure for the Containment of HFC-134a (R-134a)

Ultraviolet Leak Detection: Procedure for Use of Refrigerant Leak Detection Dyes for Service of Mobile Air
Conditioning Systems

Service Equipment

Criteria for Refrigerant Identification Equipment for Use with Mobile Air Conditioning Systems
Retest of Refrigerant Container

Ultraviolet Leak Detection: Stability and Compatibility Criteria of Fluorescent Refrigerant Leak Detection
Dyes for Mobile R-134a and R-1234yf (HFO-1234yf) Air Conditioning Systems

Ultraviolet Leak Detection: Performance Requirements for Fluorescent Refrigerant Leak Detection Dye
Injection Equipment for Aftermarket Service of Mobile Air Conditioning Systems

Stability and Compatibility Criteria for Additives and Flushing Materials Intended for Aftermarket Use in
R-134a (HFC-134a) and R-1234yf (HFO-1234yf) Vehicle Air Conditioning Systems

HFC-134a Refrigerant Electronic Leak Detectors, Minimum Performance Criteria
R-1234yf Service Hose, Fittings, and Couplers for Mobile Refrigerant Systems Service Equipment

Performance Requirements for R-134a and R-1234yf Refrigerant Diagnostic Identifiers (RDI) for Use with
Mobile Air Coniditoning Sysystems

R-1234yf [HFO-1234yf] Refrigerant Electronic Leak Detectors, Minimum Performance Criteria

R-1234yf Refrigerant Identifier Installed in Recovery and Recycling Equipment for Use with Mobile A/C
Systems

Minimum Performance Requirements for Non-Refrigerant Tracer Gasses and Electronic Tracer Gas Leak
Detectors
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SAE J1732
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SAE J2209
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SAE J2810

SAE J2843

SAE J2851
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SAE J1657
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SAE J2099

SAE J2683

SAE J2776

SAE J2844
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Recovery/Recycle Equipment

HFC-134a (R-134a) Refrigerant Recovery Equipment for Mobile Automotive Air Conditioning Systems
Recovery and Recycle Equipment for Mobile Automotive Air Conditioning Systems

CFC-12 (R-12) Refrigerant Recovery Equipment for Mobile Automotive Air Conditioning Systems
HFC-134a (R-134a) Recovery/Recycle/Recharging Equipment for Mobile Air Conditioning Systems
HFC-134a (R-134a) Refrigerant Recovery Equipment for Mobile Automotive Air Conditioning Systems

R-1234yf (HFO-1234yf) Recovery/Recycling/Recharging Equipment for Flammable Refrigerants for Mobile
Air Conditioning Systems

Recovery Equipment for Contaminated R-134a or R-1234yf Refrigerant from Mobile Automotive Air
Conditioning Systems

Automotive Refrigerant Recovery/Recycling/Recharging Equipment Intended for Use with Both R-1234yf
and R-134a

Replacement Refrigerant Requirements

Selection Criteria for Retrofit Refrigerants to Replace CFC-12 (R-12) in Mobile Air Conditioning Systems

Vehicle Testing Requirements for Replacement Refrigerants for CFC-12 (R-12) Mobile Air Conditioning
Systems

Standard of Purity for Use in Mobile Air Conditioning Systems

Standard of Purity for Recycled R-134a (HFC-134a) and R-1234yf (HFO-1234yf) for Use in Mobile Air
Conditioning Systems

Refrigerant Purity and Container Requirements for Carbon Dioxide (CO2 R-744) Used in Mobile Air
Conditioning Systems

Refrigerant Purity and Container Requirements for New HFC-134a 1,1,1,2 - Tetrafluoroethane Refrigerant
Used in Mobile Air Conditioning Systems

R-1234yf (HFO-1234yf) New Refrigerant Purity and Container Requirements Used in Mobile Air
Conditioning Systems

Publication Certification

Procedure for Certification that Requirements for Mobile Air Conditioning System Components, Service
Equipment, and Service Technician Training Meet SAE J Standards

2.1.2 1SO Publications

Copies of these documents are available online at http://webstore.ansi.org/.

ISO 13043

Road Vehicles - Refrigerant Systems Used in Mobile Air Conditioning Systems (MAC) - Safety
Requirements
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2.1.2.1  ISO Standard 13043
States that technicians shall be trained in recommended practices as described in SAE J2845 for R-744 and R-1234yf:

e Seven design requirements for service and manufacturing.

R -134a service equipment according to SAE J2788.

R -1234yf service equipment according to SAE J2843.

R -152a service equipment according to future SAE standards.
2.1.3 Other Publications
ASHRAE 34  Designations and Safety Classification of Refrigerants

“Certification Training Manual Including Refrigerant Recycling and Service Procedures for Mobile Air Conditioning
Technicians and Best Service Practices,” Mobile Air Conditioning Society, Lansdale, PA.

R-12 MSDS (available from the chemical suppliers)

R-744 MSDS (available from chemical suppliers)

R-1234yf MSDS (available from chemical suppliers)

R-152a MSDS (available from chemical suppliers)

R-134a MSDS (available from chemical suppliers)

3. TECHNICIAN TRAINING SHALL COVER THE FOLLOWING REGARDING REFRIGERANTS

3.1 Refrigerants may be referred to with a prefix denoting their specific class or their common class. For this standard,
the following shall be considered interchangeable: CFC-12 = R-12, HFC-134a = R-134a, HFO-1234yf = R-1234yf,
CO2 = R-744, and HFC-152a = R-152a.

3.2 The U.S. EPA’s Significant New Alternatives Policy (SNAP) program reviews and lists refrigerants as acceptable,
subject to use conditions, or unacceptable for use in mobile air conditioning systems. In general, the use conditions
may identify if specific design criteria are required for the system applications. These use conditions are in addition
to the servicing requirements of MAC systems that identify refrigerants requiring non-venting and use of service
procedures and equipment that is covered in this SAE J2845 document. These SAE Standards are based upon the

U.S. EPA Section 609 mobile air conditioning systems and may be required by other international regulatory agencies.

3.3 Below are refrigerants that have been used internationally in MAC systems and refrigerants that EPA (SNAP) has
listed as acceptable for use in MAC systems not requiring design use conditions.

3.3.1 CFC-12
3.3.1.1  Generally used in production vehicles prior to MY 1995.
3.3.1.1.1 If available, EPA SNAP allows R-12 to be used to service the original R-12 MAC systems.

3.3.1.1.2 R-134a has been used to retrofit R-12 systems.
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3.32 R-134a

3.3.2.1  Generally, first used in production vehicles in MY 1992.

3.4 Refrigerants the U.S. EPA has Listed Acceptable for Use in MAC Systems Requiring Design Use Conditions
341 R-1234yf

3.4.1.1  Firstused in production vehicles in MY 2012.

3.4.1.1.1 R-1234yf—after a 4-year SAE International Cooperative Research Project—identified it as a low global warming
potential (GWP) refrigerant for use in MAC systems.

3.4.1.1.2 R-1234yf—currently in production MAC systems—cannot be used in R-12 or R-134a, direct expansion
refrigerant systems, and shall meet the EPA’s design use requirements. This is due to the ASHRAE 2L mildly
flammable rating that requires system refrigerant circuit designs that are different than those that are used in
R-134a MAC systems. Due to its mildly flammable status, there are special guidelines when servicing R-1234yf
systems.

3.4.1.1.3 Due to its mildly flammable status, R-1234yf shall meet U.S. EPA system use design requirements.

342 R-152a

3.4.21 R-152a is not currently used in production vehicles in North America. This refrigerant, due to flammability
(ASHRAE AZ2), shall not be used in a direct expansion MAC systems refrigerant system without meeting EPA
design use requirements.

3.4.21.1 Based upon the EPA rule, it shall not be used as a replacement refrigerant in a production R-12, R-134a, or
R-1234yf mobile air conditioning system.

3.4.2.1.2 Due to its A2 flammability classification, R-152a shall meet U.S. EPA’s system use design requirements.

3.4.21.3 EPA suggests a secondary loop system design that uses a small R-152a refrigerant charge and coolant-based
cooling circuit can comply with the EPA use conditions.

343 R744

3.4.3.1 R744 (carbon dioxide) is currently in a limited number of production MAC systems in Europe. In 1998, nine
European partner organizations published the 3-year RACE study (Refrigeration and Automotive Climate
Systems Under Environmental Aspects).

3.4.3.1.1 The U.S. EPA has listed R-744 as acceptable for use in MAC systems requiring design use conditions.

3.5 Refrigerants Not Acceptable for Use in MAC Systems (According to U.S. EPA SNAP Listing)

3.5.1 At this time, there are no other chemical replacements for use as a refrigerant in the U.S. for MAC systems.

3.5.2 Hydrocarbon products are highly flammable and are illegal to use as defined by the U.S. EPA and pose a safety
concern, both for the service technician and the vehicle occupants.

3.5.3 Aftermarket products are sold to consumers under various names. These products are sold in aerosol applications
and as a direct charging replacement refrigerant for R-12 and R-134a systems but have not been approved by EPA
and/or vehicle manufacturers.

3.5.3.1  The containers can contain R-152a or hydrocarbons, including propane and butane, resulting in highly flammable
products.
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3.5.4 Inspection of product safety data sheet may have danger hazard statements (GHS-US).
3.5.4.1 H220—Extremely flammable gas.
3.5.4.2 H280—Contains gas under pressure; may explode if heated.

3.5.5 Using other refrigerants in a MAC system can result in system cooling performance loss due to incorrect refrigerant
control settings, such as TXV, pressure controls, and compressor failure due to incorrect lubricant.

4. MINIMUM GENERAL TECHNICAL AND SAFETY REQUIREMENTS TO BE COVERED IN TRAINING

4.1 Some of the practices, techniques, and procedures—as well as the information, tools, and equipment which have
been commonly used in mobile air conditioning system diagnosis and service of R-12, R-134a, or other refrigerants—
will be different for MAC systems using R-744, R-1234yf, or R-152a. Modifications and adjustments will have to be
made based on the individual characteristics of each refrigerant. No technician may perform service or repair on a
mobile air conditioning system using R-12, R134a, R-744, R-1234yf, or R-152a without being trained for the refrigerant
being handled.

4.2 Service technicians shall be trained to always wear proper personal protective equipment while handling/servicing
systems that contain any refrigerant.

4.3 Service technicians shall read and follow the appropriate material safety data sheets, which provide information on
safety and the proper personal protective equipment to use. These include, but may not be limited to, the following
items.

4.3.1  All contact with liquid or gaseous refrigerant shall be avoided.

4.3.2 Goggles with side protection and gloves (insulated against heat loss and impermeable to refrigerant) shall be worn
while working with the refrigerant circuit.

4.3.3 Exposure of the skin to refrigerant may result in frostbite, in which case rub affected area with lukewarm water. A
physician shall be consulted immediately regarding the affected skin areas.

4.3.4 A physician shall be consulted immediately in the event of complaints following exposure to high refrigerant
concentrations. Complaint symptoms may include increased breathing rate, breathlessness, headache, accelerated
pulse, and dizziness.

4.3.5 Avoid breathing A/C refrigerant and lubricant vapor or mist. To remove refrigerant from the A/C system, use service
equipment designed for recovery of that refrigerant which is certified to meet the requirements of the appropriate
SAE Standards.

4.3.6 Specific requirements for proper handling of flammable refrigerants to be covered in training.

4.4  Training shall include appropriate information regarding refrigerant cylinders.

4.4.1 All compressed gases in cylinders or portable tanks in motor vehicle service area shall be stored, handled, and
transported in accordance with Compressed Gas Association Pamphlet P-1 or other regulatory bodies.

4.4.2 Storage of multiple containers of refrigerant may be subject to local, state, or federal rules or regulations.

4.4.3 In general, do not expose any compressed gas cylinders (R-134a, R-1234yf, CO2, R-152a, etc.) to temperatures in
excess of 52 °C (125 °F), as this may result in cylinders becoming liquid full. Excessive temperatures may cause
cylinders to rupture and cause injuries to personnel and/or damage to property.

4.4.4 Refrigerant cylinders shall not be:

4441 Exposed to direct sunlight or any other heat source.
Documents
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4.4.4.3 Stored in shafts (below ground surfaces/enclosed areas) or in front of cellar windows.

4.4.4.4 Filled in the workshop or by workshop personnel.

4.4.4.5 Filled with any refrigerant other than that for which it was originally intended.

4446 Transported without being securely stowed.

4.5 Training shall discuss standard, hybrid electric and other commercialized alternative propulsion vehicles in the context
of safety and performance of mobile A/C related issues (i.e., proper operation of the mobile air conditioning and
cooling systems in a hybrid vehicle is important not only for passenger comfort, but for the optimal operation of
on-board computers and battery packs). Training shall include coverage of plug-in hybrid or battery electric vehicles
battery packs that use the A/C system in conjunction with a liquid cooling system for battery pack cooling. Chillers in
a secondary loop should also be discussed, including service related to the coolant loop of these secondary loops.
Due to the complexity of modern thermal system controls, training shall include exposure to the various types of
control systems and how these systems can be used for diagnosis.

4.6 Technician training shall include:

4.6.1 Training shall discuss key differences between equipment and tools designed for each refrigerant and stress the
use of proper equipment with designated refrigerant.

4.6.2 Differences between R-744, R-152a, and R-1234yf as compared to R-134a (see Appendix A).
4.6.3 Identification of unique fittings and labels for each refrigerant along with refrigerant tank requirements.
4.6.4 Instructions on how to use refrigerant identification equipment.

4.6.5 Instructions on how to use SAE-certified electronic leak detection equipment and/or fluorescent dyes to identify
leaks with each refrigerant. Refer to SAE J1628.

4.6.6 Instructions on how to contain and limit the use of each refrigerant based on vehicle specifications to promote
technician safety and minimize the environmental impact of mobile air conditioning by using the appropriate
SAE-certified recovery, recycling, and charging equipment.

4.6.7 System servicing procedures as detailed in this standard and vehicle manufacture’s specified procedures.

4.6.8 General safety best practices and specific safety best practices for each refrigerant. Technicians shall also have a
good understanding of the safety requirements as defined in SAE J639.

4.7 Training shall incorporate pertinent information about equipment, tools, and procedures specific to each refrigerant.
4.8 Technicians shall be advised of specific issues related to hybrids and plug-in electric cars (BEVs) with high-voltage
A/C systems. Training shall incorporate appropriate MAC procedures, including those related to safety, and the

importance and general description of procedures for disabling a high-voltage system.

4.9 Training shall include pertinent information from the U.S. EPA regarding the retrofitting of refrigerants in vehicles
including retrofitting that is permitted and retrofitting that is prohibited under the U.S. EPA guidelines.

4.9.1 Under EPA regulations R-12 MVAC systems can only be retrofitted by using R-134a refrigerant.

4,92 R-1234yf MVAC systems cannot retrofitted with any other refrigerant. The use of R-134a in a vehicle manufactured
to use R-1234yf is a violation of Section 203 of the Clean Air Act.
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