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Table C–5 . Saturation Pressure–Temperature Chart  
for Common Refrigerants  

Temp 
(°F) 

                                Pressure (PSIG) 

R-12 R-22 R-134a R-404A 
R-404A 
Liquid 

R-407C 
Liquid R-407C R-410A R-500 

–15 2.4 13.2 –0.02 19.3 20.5 17.6 9.4 31.7 5.6 

–10 4.52 16.49 2.02 23.2 24.6 21.3 12.5 36.8 7.85 

–5 6.7 20.1 4.1 27.5 28.9 25.4 15.9 42.5 10.6 

0 9.2 24 6.5 33.5 33.7 28.3 18.9 48.9 13.3 

5 11.8 28.2 9.1 38.6 38.8 33.0 22.9 55.7 16.4 

10 14.6 32.8 11.9 44.0 44.3 38.0 27.3 62.9 19.7 

15 17.7 37.7 15.0 49.9 50.2 43.5 32.0 70.8 23.4 

20 21.0 43 18.4 56.2 56.6 49.3 37.2 79.2 27.3 

25 24.6 48.8 22.1 63.0 63.4 55.7 42.7 86.3 31.5 

30  28.4 54.9 26.0 70.3 70.7 62.5 48.7 98.0 36.0 

35 32.6 61.5 30.3 78.1 78.6 69.8 55.2 108.4 40.9 

40  37.0 68.5 34.9 86.4 86.9 77.6 62.1 119.4 46.1 

45 41.7 76.0 39.9 95.2 95.8 86.0  69.5 131.3 51.6 

50  46.7 84.0 45.3 104.7 105.3 94.9  77.5 143.9 57.6 

55 52.0 92.6 51.0 114.7 115.3 104.5  86.0 157.3 63.9 

60  57.7 101.6 57.2 125.3 126.0 114.6  95.1 171.7 70.6 

65 63.8 111.2 63.8 136.6 137.3 125.4  104.8 186.8 77.8 

70 70.2 121.4 70.8 148.6 149.3 136.9  115.2 202.8 85.4 

75 77.0 132.2 78.3 161.2 162.0 149.1  126.2 219.9 96.8 

80 84.2 143.6 86.3 174.6 175.4 162.1  137.8 237.9 102.0 

85 91.8 155.7 94.8 188.8 189.5 175.8  150.2 256.9 111.0 

90 99.8 168.4 103.8 203.7 204.5 190.2  163.4 277.0 120.5 

95 108.2 181.8 113.3 219.4 220.2 205.5  177.4 298.2 130.6 

100 117.2 195.9 123.5 235.9 236.8 221.6  192.1 320.5 141.1 
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Flushing agents are excellent for removing oil from line sets, but they should 
never be blown through a compressor because the flushing agent removes all 
lubricating oil from the sliding surfaces of the compressor, causing the 
compressor to seize.  

Never flush the agent into a filter drier because the large number of 
particulates reduces its filtering capacity. Thermostatic expansion valve 
(TXV) apertures and capillary tubes would be clogged as well. These 
concerns aren’t major because in a burnout/cleanup procedure, the compressor 
and filter drier are already removed from the system before flushing.  

Checking for Acid 

Another good practice for both burnouts and retrofits is to follow up the final 
assembly of the system with a QwikCheck® acid check on the operating 
system (Figure C–11). 

 
Figure C–11. QwikCheck® testing for acid on an operating system 

If acid is present, there are two types of acid removers:  

• Neutralizing products that introduce an alkaline base to neutralize 
the acid 
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• QwikShot® Refrigerant and Oil Treatment, which removes acid and 
moisture by flushing the acid to the filter drier without neutralizing 
and without leaving residue or byproducts 

QwikShot® Refrigerant and Oil Treatment is recommended because it leaves 
no residue like the neutralizing process. Any residue is a contaminant that can 
eventually damage the system. Also, if an acid neutralizer is used and too 
much is added, the system becomes basic, which is also corrosive. If too little 
neutralizer is added, all of the acid isn’t neutralized.  

Because the exact acid level is never known, you never know how much 
neutralizer to add to properly balance the acid present. Clearly, QwikShot® 
Refrigerant and Oil Treatment is a better approach. QwikShot® is added to an 
operating system using a QwikInjector® as shown in Figure C–12. 

 
Figure C–12. QwikShot® added to a system with a QwikInjector® 

Preparing for Leak Checking 

As a last step before leak checking, always change the liquid-line filter drier 
(anytime the system is opened). After a burnout, you should also add a 
suction-line filter drier to catch any residual acid in the system that might be 
sent back into the suction inlet of the compressor. This suction line filter drier 
should be located just upstream of the compressor inlet.  

Leak Detection 

This section describes several ways to find a leak in your system. 
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Oil Residue 

Sometimes the simplest way to find the source of a refrigerant leak is to look 
for traces of oil on the exterior surface of an operating system (or a system 
that has been operating recently). This method is especially good for small 
systems that you can inspect closely. At the site of a refrigerant leak, the 
refrigerant vaporizes and enters the air while any entrained refrigerant oil is 
left at the surface of the leak because the oil can’t vaporize.  

One method to detect very small leaks is to use a fluorescent dye indicator 
such as QwikGlowPRO® (QT2310). The dye can make the oil residue at the 
leakage site more noticeable. This technique is useful on small, hard-to-find 
leaks when you can look for the leak the next time the unit is serviced. 

If a visual dye is used, you can see the dye with the naked eye. If an ultra-
violet (UV) dye is used, you need a UV light to see the dye. This method 
doesn’t work well in bright sunlight.  

In either case, these techniques aren’t useful for finding an immediate leak 
because after you add the dye to the system, you have to wait for an extended 
operating period until enough dye accumulates at the leak site. This approach 
is only recommended for detecting very small leaks that could not be found 
with other means. 

Leak Testers 

According to the EPA, the most effective way to detect the general area of a 
small leak is to use an electronic or ultrasonic tester.  

Electronic Leak Detector 

An electronic leak detector can detect leak rates of about 0.5 oz per year. After 
sampling the air, the electronic leak detector makes a sound or lights up if 
refrigerant is detected. Figure C–13 shows a typical leak detector.  
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Figure C–13. Electronic leak detector 

This type of electronic leak detector works by drawing the vapor into the 
system and heating it. When the refrigerant vapor is heated, the positive ion 
concentration changes, affecting the electrical conductivity. To draw the air 
into the leak tester and test for trace amounts of refrigerant, a small air pump 
is used to draw the air into the leak tester probe. As the air sample is heated, 
the electrical conductivity increases, which is indicated by an increased 
clicking noise.  

 

Caution  
Electronic leak detectors are very sensitive, and the probe can 
be easily damaged by too much exposure to refrigerant in high 
concentrations. Never put the electronic leak detector probe 
near a high concentration of refrigerant, such as the direct 
refrigerant stream from a refrigerant bottle, to verify the 
detector is working. This can destroy the probe. 

Soap Bubble Test 

For small systems where you can coat all the potential leakage sites, a soap 
bubble test along with the use of dry nitrogen to pressurize the system can be 
effective. You coat the exterior surfaces where a leak is suspected with a 
liquid-soap solution and then look for signs of bubbles indicating the source of 
the leak. 
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Nitrogen Gas 

Another way to check for leaks is to pressurize the system with dry nitrogen 
gas. Nitrogen is a colorless, odorless gas that makes up 78 percent of the air 
we breathe. It’s nonflammable and won’t support combustion. Although 
nitrogen is a relatively stable gas, it’s not inert and reacts with oxygen to form 
nitric oxide and nitrogen dioxide. Nitrogen can also react with hydrogen to 
form ammonia and with sulfur to form nitrogen sulfide. 

Nitrogen is available as both a gas and liquid. When supplied as a gas 
(sometimes referred to as GN or GN2), nitrogen is shipped in a high-pressure 
cylinder. When supplied as a liquid (referred to as LN or LN2), nitrogen is 
supplied as a liquid in a cryogenic Dewar. 

For refrigeration applications, only use nitrogen gas with a nitrogen regulator 
to safely reduce the pressure of the gas to a controlled level.  

Whenever you are pressurizing a system to check for leaks, always use dry 
nitrogen, which has very low water content. Nitrogen, like many substances, 
is available in various purity levels, and the higher the purity, the higher the 
cost. However, you need to ensure that the nitrogen you are using for flushing 
and leak testing is dry nitrogen and not contaminated with water vapor 
because water is easily absorbed by the synthetic oil, especially under 
pressure, and is very difficult to remove from a system. 

After recovering refrigerant from a sealed system, you can use nitrogen to 
pressurize for leak checking or blow debris out of the system, but you should 
only use nitrogen vapor. Nitrogen may be vented to the atmosphere because 
nitrogen is a natural part of the atmosphere.  

Never use compressed air, which contains oxygen that can explode (when mixed 
with compressor oil and some refrigerants) and contains lots of moisture. 

It is legal to add a small quantity of the system refrigerant into the system 
before you pressurize it with nitrogen, and this leak check gas doesn’t have to 
be recovered. However, using nitrogen without any refrigerant added is of 
course better for the environment.  



66 Core Section 

 

Tip  
After evacuating a system, never leave the system under a 
vacuum. An evacuated system could draw air, moisture, and other 
contaminants into the system when service valves are connected 
or if the system has a leak. Either charge the system immediately 
or store the system under a positive pressure with nitrogen.  

Dry nitrogen causes essentially no damage to the environment 
when it is later vented because the atmosphere already contains 
approximately 78 percent nitrogen. 

 

Caution  
Do not use oxygen or compressed air to pressurize appliances to 
check for leaks because when mixed with compressor oil or 
some refrigerants, the oxygen can cause an explosion. 
Compressed air is also loaded with moisture. 

Pressure Decay Leak Test 

Another leak-checking procedure is a pressure decay leak test, also referred to 
as a static pressure decay leak test or standing pressure test, which is described 
in this section. 

Why Not Use a Vacuum Test for Leak Checking? 

Never use the system evacuation as a leak test. A vacuum test isn’t the best 
method of leak testing a system for many reasons: 

• A vacuum test allows air and moisture to enter the system if there is 
a leak.  

• When you’re working on a system, you can’t determine from the 
vacuum where the leak is located, only the existence of a leak. 

• When you check for a leak using a vacuum, you use a reverse 
pressure, which is the atmosphere trying to get into the system, of only 
14.7 psi. However, under normal operating conditions, the system 
could be operating under an operating pressure of several hundred 
psig, which is 10 to 20 times the vacuum pressure difference. 

• A vacuum test could actually hide a leak. For example, if a pin-sized 
hole is in a solder connection that has a flux buildup on it, the vacuum 
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could pull the flux into the pinhole so that a deep vacuum is achieved. 
However, when pressure is applied to the system, the flux will blow 
out of the pinhole, and the leak will be back. 

Using a Pressure Decay Leak Test 

Before you evacuate a system, you need to use a pressure decay leak test to 
verify no leaks exist. A simple method to determine the existence of a leak in 
the system is to pressurize using a pressure source that won’t change an 
appreciable amount with temperature changes. Dry nitrogen is a good gas to 
use. If you plan to use an electronic leak detector, add a small amount of the 
system’s normal refrigerant  to the system before pressurizing with nitrogen, 
creating a leak trace gas. 

Mixtures of nitrogen and the system refrigerant used as holding charges or as 
leak-test (leak trace) gases aren’t subject to the EPA venting prohibition 
because in these cases the ozone-depleting compound isn’t used as a 
refrigerant. However, you may not avoid recovering refrigerant by adding 
nitrogen to a charged system!  

 

Caution  
Before nitrogen is added, you MUST evacuate the system to the 
required level. Otherwise, the refrigerant–nitrogen mixture is 
considered a refrigerant, and its release is a violation of the 
EPA regulation and subject to a fine. 

Never use mixtures of refrigerant, air, or oxygen to leak check 
a system. If you mix one refrigerant with a different refrigerant, 
the mixture could become combustible under pressure. The 
same thing could happen if you mix a refrigerant with air 
or oxygen. 

The safest way to check a system for a leak is to use dry nitrogen gas or other 
inert gases that you know are dry and clean. Again, never use compressed air 
because of the risk of explosion with some refrigerants and the risk of system 
contamination. Compressed shop air is quite wet and contains trace amounts 
of mineral oil, which is incompatible with the newer synthetic oils. 

With the pressure decay leak test, you pressurize the system to the pressure 
indicated on the system nameplate, record the pressure, and watch for pressure 
degradation over a sufficient time period. 

The question is how long is sufficiently long? On a small appliance with a 
normal charge of five pounds or less, a sufficiently long time could be a lunch 
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You need to know if excessive air or other non-condensable gases exist in the 
recovery cylinder because you don’t want to put refrigerant contaminated with 
non-condensable gases back into the appliance.  

Because you know non-condensable gas causes the pressure to rise, if you 
knew what the pressure was supposed to be and you could measure what the 
actual pressure was, you might be able to tell if non-condensable gases were 
in the system. One simple method of checking for non-condensables is to use 
the pressure–temperature chart (Table C–5) for the refrigerant. 

If you know the room temperature where the appliance or recovery cylinder 
is located and this temperature is stable and represents the temperature of the 
system, you can find out what the pressure should be if no non-condensables 
were in the system. Then you can compare that pressure with the actual 
pressure. If the actual pressure is higher, non-condensables could be present.  

If you measure a pressure that is lower than the pressure indicated on the 
pressure–temperature chart, one of the following three reasons could be 
the cause: 

1. The temperature or pressure readings are incorrect because of unstable 
conditions or measurement devices that are out of calibration. Allow 
the cylinder temperature to stabilize at room temperature before taking 
pressure readings. 

2. The refrigerant is contaminated with another refrigerant.  

3. The refrigerant is a blend that has fractionated and the more volatile 
component has leaked off.  

When contamination, fractionalization, or the presence of non-condensables is 
suspected, don’t use the refrigerant. The refrigerant must be reclaimed by a 
certified reclaimer or destroyed by an approved disposal company. The 
refrigerant can’t be recycled.  

 

Tip  
When in doubt, don’t use the refrigerant. 

Lubricants and Evacuation Procedures 

The evacuation procedures today have to be much better than in the past 
because of the new lubricants that are used with the HFC refrigerants. In the 
past, CFC and HCFC systems used mineral oil, which has a much lower water 
saturation limit than the new synthetic oils, which absorb much greater 
concentrations of water (at least 100 times more). With the potential for so 
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much more water in the system, you have to avoid moisture entry into the 
system, and you have to follow evacuation methods rigorously. 

Before recharging a refrigeration system and after adding a new filter drier 
and leak checking a system, evacuate the system to at least 500 microns to 
dehydrate the system (to remove any liquid water and/or water vapor). If you 
are working with flammable refrigerants, the recovery unit, the refrigerant 
cylinder, and the system must be grounded to avoid a potential explosion 
caused by an electrical spark. Triple evacuation of a system is the best method 
of dehydration.  

Although the EPA claims the most effective way to detect the general area of 
a small leak is to use an electronic or ultrasonic tester, a standing-pressure 
leak check at the maximum system pressure is the best way to verify a system 
is leak free. 

General Safety 

The safety concerns usually associated with refrigerants are displacement of 
the oxygen in a room (asphyxia), toxicity, flammability, frostbite, and 
explosion (due to the high pressure or combustion of flammable refrigerants). 
All refrigerants pose one or more of these safety concerns but only if the 
refrigerant escapes the container or the system. You can safely use refrigerants 
if you consistently follow safety guidelines, use proper equipment, and know 
what to do if the refrigerant does escape.  

Safety Concerns 

Asphyxia 

When refrigerants are released into the air, they displace the oxygen in the 
area (asphyxia) without you realizing it. Most refrigerants are heavier than air, 
odorless, tasteless, and invisible. Before you begin working with any 
refrigerant, ensure the area has adequate ventilation. The area should have at 
least four air changes per hour.  

 

Caution  
Avoid prolonged breathing of refrigerant vapors or mist. 
Inhaling refrigerant in high concentrations for prolonged 
periods is extremely dangerous and could cause heart 
irregularities or unconsciousness. Death can occur without 
warning.  
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In most refrigerant accidents where death occurs, the major cause is oxygen 
deprivation because the refrigerant displaced the air.  

Non-toxic refrigerants (such as R-22) can still can cause asphyxia because, 
like other refrigerants, they are heavier than air and displace the air. 

Preventing Asphyxia 

If someone is overcome in a space with inadequate oxygen due to a high 
concentration of refrigerant, move the person into fresh air, seek medical help, 
and give oxygen if needed. Remember, unlike smoke, refrigerant vapor is 
generally heavier than air, so if the ventilation is poor, the vapor will 
concentrate in low areas. 

If there is a large release of any refrigerant in a contained area, you must 
either use a self-contained breathing apparatus (SCBA) or vacate and ventilate 
the spill area. Ventilate closed spaces before you enter and avoid low areas as 
you leave. 

If a large leak of refrigerant occurs, such as from a filled cylinder in an 
enclosed area, and no SCBA is available, evacuate the area at once. 

Toxicity 

ASHRAE 34 divides refrigerant compounds into either low-toxicity or high-
toxicity groups. The toxicity group is assigned depending on the permissible 
exposure limit (PEL) of the compound (see Figure C–16).  

• Refrigerants with lower toxicity have PELs of more than 400 parts per 
million (ppm) and are classified as type A. 

• Refrigerants with higher toxicity have PELs of less than 400 ppm and 
are classified as type B.  

Older refrigerants, such as CFC-11 and HCFC-22, have very high safe 
exposure limits, as does the alternative refrigerant HFC-134a. One popular 
alternative refrigerant, HCFC-123, has a very low allowable exposure limit 
(30 ppm) and is classified along with ammonia and sulfur dioxide as higher in 
toxicity. Although R-245fa is currently classified as A1, this classification is 
provisional and will be reviewed as additional data becomes available. 

Excessive heat can cause the refrigerant to decompose, potentially forming 
toxic vapors. 

Flammability 

The ASHRAE Standard 34 also classifies refrigerants according to their 
flammability. To indicate flammability, a number from 1 to 3 is assigned:  
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• The number 1 is given to refrigerants with no flame propagation. 
Class 1 refrigerants don’t show flame propagation when tested in air at 
70 °F and atmospheric pressure (21°C and 101 kPa).  

• The number 2 is given to refrigerants with low flammability. Class 2 
refrigerants have a lower flammability limit of more than 0.10 kg/m3 
at 70 °F and atmospheric pressure and a heat of combustion of less 
than 19 kJ/kg.  

• The number 3 is given to refrigerants with high flammability. Class 3 
refrigerants are highly flammable as defined by a lower flammability 
limit of less than or equal to 0.10 kg/m3 at 70 °F and atmospheric 
pressure or a heat of combustion greater than or equal to 19 kJ/kg.  

A refrigerant with an ASHRAE refrigerant safety classification of A-1 
would be the safest, meaning both low toxicity (A) and non-flammable (1), 
such as R-134a. Figure C–16 shows the flammability vs. toxicity of 
common refrigerants.  

 
Figure C–16. ASHRAE safety classifications  

with some example refrigerants 

Hydrocarbon Refrigerants 

Hydrocarbon refrigerants are components of oil and natural gas that are found 
in nature. Although hydrocarbon refrigerants have excellent environmental, 
thermodynamic, and thermo-physical properties, these refrigerants are highly 
flammable. Some common hydrocarbon refrigerants are R-50 (methane), 
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R-170 (ethane), R-290 (propane), R-441a (3% ethane, 55% propane, 
42% isobutane), R-600 (n-butane), R-600a (isobutane), R601a (isopentane), 
R-1150 (ethylene, propylene). 

Hydrofluoroolefin Refrigerants 

HFO refrigerants are unsaturated HFCs that are heavily promoted as the next 
generation of refrigerants because of their environmental friendliness, 
although they aren’t as green as the HC refrigerants. Although most HFO 
refrigerants are still flammable, they are less flammable than HC refrigerants. 
Because HFO refrigerants, like the HFC refrigerants, contain fluorine atoms, 
these fluorine atoms reduce the flammability.  

Refrigerant manufacturers developed numerous HFO blends tailored to 
specific applications. HFO-1234yf, HFO-1234ze, and HFO-1233zd are 
furthest along in development. HFO-1234yf, HFO-1234ze are all classified as 
A2L, meaning they are “slightly” flammable (L for low) and HFO-1233zd is 
classified as A1(non-flammable).  

Flammability Safety Precautions 

Flammability risks are of particular concern to the EPA because, unlike 
Europe, refrigeration appliances in the United States traditionally have used 
refrigerants that aren’t flammable. Without proper training, the risks posed by 
flammable refrigerants would be higher than those posed by non-flammable 
refrigerants because individuals might not be aware that their actions could 
cause a fire. Flammable Refrigerant Training is available at www.epatest.com. 

Before you begin working on any refrigeration equipment, check the area for 
spilled or open containers of any flammable liquid or vapor such as gasoline and 
thinners. Don’t operate any system where flammable liquids or vapors are 
present unless the system and any used tools are specifically designed for 
operation in flammable vapor locations. The sparks from contactors, relays, and 
motors in the system or the tools and equipment could cause a fire or explosion. 

 

Caution  
Never use lubricants containing silicone or silicate, which 
are often used as anti-foaming additives, because these 
lubricants aren’t compatible with HC or HFO refrigerants.  

Never use any leak-sealing or moisture-drying compounds 
with HC or HFO refrigerants because these compounds 
typically contain silicates. 



Core Section  81 

Never use EPDM (ethylene propylene diene monomer), 
natural rubbers, and silicone rubbers in HC or HFO 
refrigerant systems. These materials aren’t compatible. 

Marking of Systems Containing Flammable Refrigerants 

Appliances containing flammable hydrocarbon refrigerants must have red 
marking on the area where the refrigerant will be accessed. The red marking is 
required at all service ports and where service puncturing or otherwise creating 
an opening from the refrigerant circuit to the atmosphere would be expected to 
occur. The red color must extend a minimum of 1 inch in both directions from 
such locations.  

This color is the same color specified in AHRI Guideline N-2008, Assignment 
of Refrigerant Container Colors, to identify containers of flammable 
refrigerant, such as propane, isobutane, and R-441A. The purpose of the 
colored section of tubing is to inform the service technician that the system is 
charged with a flammable refrigerant so you can take additional precautions 
(e.g., reducing the use of sparking equipment) as appropriate to avert 
accidents, and particularly if refrigerant charge labels are no longer legible. 
Adding red coloring on tubing inside the appliance provides additional 
assurance that you will be aware that a flammable refrigerant is present. 

This doesn’t mean that the entire hose or process tube must be red. For 
process tubes, the tube must be red for at least one inch extending from the 
compressor as shown in Figure C–17. This way, if the process tube is cut for 
service, the red marking still remains after the tube is welded back together. 

 
Figure C–17. Red tubing to inform the technician of a  

flammable refrigerant 

If further servicing would leave the colored portion of the process tube less than 
1 inch long, you must extend the red marking to at least 1 inch. If there isn’t 
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enough room to extend the marking at least 1 inch, you need to install a new 
process tube with at least 1 inch of red marking. For other locations—for 
example, if a service port or refrigerant access valve is added to the system—the 
red mark must extend at least 1 inch in both directions from the port or valve. 

 

Note  
UL Standards referenced in this rule don’t allow the inclusion of 
service ports in finished products using flammable refrigerants; 
however, service ports can be added during servicing and the red 
marking requirement would still apply. 

The red coloring must always be present (not just applied initially at 
installation) even when tubing is replaced or removed.  

You can use a colored sleeve as long as the requirements of the use condition (red 
color, location, and dimension) are met. However, to remain in compliance with 
the use condition, if you remove a sleeve during servicing, you must replace that 
sleeve on the serviced tube with another sleeve.  

Notification is necessary to alert technicians and personnel who dispose of or 
recycle appliances that a refrigerant has the potential to ignite if a sparking 
source is nearby. Labeling provides a warning of the presence of a flammable 
refrigerant. Danger and Caution labels must be permanently attached at 
specified locations on household and retail appliances that are using 
hydrocarbon refrigerants. The lettering must be ¼" (6.4 mm) to make it easier 
for technicians, consumers, retail store owners, and emergency first 
responders to see the warning labels (see Shipping Labels on page 90). 

All refrigerant containers that contain a flammable refrigerant or a refrigerant 
blend that could become flammable if there is a leak, must have a red band on the 
shoulder or top of the container.  

Service ports aren’t allowed in new household refrigerators or standalone 
retail food refrigerators that use flammable refrigerants, but Clean Air Act 
regulations still require a process tube when a service fitting isn’t being used. 
This process tube must have at least a one-inch-long red marking on the tube 
to indicate flammable refrigerant, and if this marking is removed or shortened, 
it must be replaced with a new red mark that is at least one inch long.  

If a service port or access valve is installed after manufacture (it is legal to 
install one), it must have the red flammable marking applied at least one inch 
in both directions from the valve. Such fittings, if installed, should be 
designed specifically for flammable refrigerants. 
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Caution  
When working with flammable refrigerants, always follow 
these safety precautions: 

• Never apply an open flame or live steam to a 
refrigerant cylinder. 

• Don’t cut or weld any refrigerant line when 
refrigerant is in the unit. 

• Always refit the valve cap when the cylinder isn’t 
in use. 

• To avoid any static electrical spark, ensure that the 
refrigeration cylinder, recovery unit, and system are 
grounded before beginning any service or refrigerant 
recovery. 

• Ensure the threads are clean and undamaged. 
• Never use oxygen or compressed air to purge the lines 

or pressurize the system. 
• Store and use cylinders in dry well-ventilated areas 

away from any fire risk. 
• Keep cylinders away from sources of heat. 
• Don’t modify cylinders or cylinder valves. 
• Never roll cylinders along the ground. 
• Weigh the cylinder to ensure the cylinder is empty.  
• Only use dedicated recovery cylinders specifically 

designed and marked (red stripe) for use with 
flammable refrigerants. 

• Don’t use EPDM, natural rubbers, or silicone 
rubbers in HC or HFO refrigerant systems. These 
materials aren’t compatible. 

Frostbite 

If the gas comes into contact with your skin, it could cause burns and frostbite. 
To avoid frostbite, always wear personal protective equipment when you work 
with refrigerants, the systems, and the cylinders that contain them. 

Explosion 

For flammable refrigerants, never use any equipment that isn’t rated to handle 
flammable refrigerants. Only use recovery or recycling equipment that has 
been tested and EPA certified for use with the specific flammable HFO or HC 
refrigerant being recovered. These recovery units have been specifically 
designed to provide additional safeguards to avoid explosion and fire hazards.  
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Flammable refrigerants could pose an increased safety hazard if handled 
incorrectly. When the concentration of a flammable refrigerant is at any 
concentration above the lower flammability limit (LFL) and below the upper 
flammability limit (UFL) in the presence of an ignition source, an explosion 
or fire could occur. The ignition could come from many sources: a static 
electric spark resulting from closing a door, use of a torch during servicing, 
the spark from a contactor opening, nearby operation of a motor or switch 
that isn’t explosion proof, or a short circuit in wiring that controls the motor 
of a compressor.  

If you are working with flammable refrigerants, you must ground the recovery 
unit, the refrigerant tank, and the system to avoid a potential explosion caused 
by an electrical spark.  

Never store refrigerant cylinders near highly flammable substances because 
they can explode and or discompose if there is a fire. Never heat any 
refrigerant storage tank with an open flame because the heat can over-
pressurize the tank, resulting in refrigerant vented to the atmosphere or 
explosion of the tank, causing serious injury to people nearby.  

Safety Data Sheets 

Solvents, chemicals, and refrigerants come with a safety data sheet (SDS), 
which provides important information on the physical/chemical characteristics 
and first aid procedures. Always review the SDS information before working 
with any solvents, chemicals, or refrigerants. 

Proper Equipment 

Personal Protective Equipment 

Given the risk that refrigerants could escape during a procedure, always wear 
personal protective equipment when you work with refrigerants, the systems, 
and the cylinders that contain them. 

• Wear splash-proof safety glasses to guard against liquid refrigerant 
freezing the moisture of your eyes and causing permanent blindness. If 
you get refrigerant in your eyes, flush the area with water for at least 
15 minutes. 

• Wear protective gloves and shoes to guard against frostbite. If you 
get refrigerant on your skin, flush the area with water for at least 
15 minutes. 

• If you get refrigerant on your clothes, take your clothes off and flush 
your skin for at least 15 minutes. 

In addition to protecting your body with protective gear, read and follow all 
safety precautions for the equipment you are using. Always read the safety 
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data sheet for any substance you are working with including the refrigerants, 
lubricants, and any flushing or cleaning solutions. 

 

Caution 
Always follow these safety precautions: 

• Never apply an open flame or live steam to a 
refrigerant cylinder. 

• Don’t cut or weld any refrigerant line when 
refrigerant is in the unit. 

• Don’t use oxygen or compressed air to purge lines or 
to pressurize a system. Use dry nitrogen gas only and 
use always use a pressure regulator and downstream 
pressure relief device. 

System Equipment 

Before you maintain, service, or use any refrigeration equipment, inspect the 
equipment for signs of damage, rust, corrosion, or deterioration. Don’t use any 
equipment with questionable integrity or any equipment that could be faulty. 
This equipment includes the compressor; all gauges, hoses, fittings, and 
valves; all cylinders and tanks; and all tools. 

Cylinders 

As you learned earlier in this study guide, the cylinders that are used to ship 
and store refrigerants must be DOT approved, and they must be handled 
carefully to prevent the refrigerant from leaking or the container from 
rupturing. Any time you use a cylinder, carefully inspect it. Refrigerant 
cylinders should be free of rust and damage, they must hold a current 
hydrostatic (pressure) test certification, and they must be secured. 

The cylinders are also color coded to indicate the refrigerant contained. 
For example, sky blue is used for R-134a or rose for R-410A. A complete list 
of the color codes for cylinders of new or reclaimed refrigerant is shown in 
Table C–6.  

In June of 2016, the AHRI declared that they will be doing away with color 
coding of refrigerant containers by the year 2020. This is unfortunate because 
color coding not only saves time but can help avoid accidently using the 
wrong refrigerant.  

Approved refrigerant recovery cylinders are color coded with a gray body and 
a yellow top to indicate that the cylinder is designed to hold recovered 
refrigerant. The cylinder must also be labeled with the refrigerant it contains. 
Before adding refrigerant to a recovery cylinder, ensure the container is 
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labeled and optionally also color coded for the refrigerant you are adding to 
the cylinder. 

 

Caution 
You may never use a disposable cylinder to recover 
refrigerant. Disposable refrigerant containers are used for 
supplying virgin or reclaimed refrigerant only and are only 
to be filled by the refrigerant manufacturer or EPA-certified 
reclaimer. 

When using a recovery unit, you can control the fill level of the recovery 
cylinder by using a mechanical float switch or electronic shut-off device, or 
by weighing the cylinder on a scale. 
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Table C–6. Refrigerant Tank Color Coding 
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Because any refrigerant cylinder could be shipped from one location to 
another, the Department of Transportation (DOT) has regulations you must 
follow, and all cylinders (including recovery cylinders) must meet these DOT 
regulations (as discussed in Shipping starting on page 90).  

If you are recovering refrigerant, you can only use portable refillable tanks 
(cylinders or containers) that meet DOT standards and are designated 
“refillable” by DOT for transporting recovered pressurized refrigerant.  

The DOT also requires that any pressure vessel, including refrigerant 
cylinders that normally have a pressure above 15 psig at room temperature, 
must be hydrostatically tested and date stamped every 5 years.  

When heated, refrigerants used in systems or stored in tanks can build up very 
high pressures with the potential of causing serious injury. 

 

Caution 
Never fill a refillable refrigerant cylinder above 80 percent 
of its capacity by weight at 77 °F (24 °C). If you fill a 
cylinder more than 80 percent and then put the cylinder in 
an area that gets hot, the internal pressure of the cylinder 
could rise and vent the refrigerant through the pressure 
relief valve or rupture the burst disk. Either way, the 
refrigerant is lost to the environment. 

 

Tip  
Although R-410A is a high-pressure refrigerant, you can store it 
in the back of your service van as long as the temperature inside 
the vehicle doesn’t exceed 125 °F. This is the same guidance 
given for R-22 and other common refrigerants. 

If a refrigerant cylinder is overfilled with liquid refrigerant and the pressure 
relief value doesn’t operate properly, the cylinder could rupture and cause an 
explosion. This is because as the liquid expands due to the increase in 
temperature, if there is insufficient vapor space, the expanding liquid has no 
room to expand, resulting in excessive pressures that can burst the cylinder.  

Similarly, you must ensure no liquid is ever trapped in any space that isn’t 
protected by a pressure relief valve. If the liquid expands in an unprotected, 
confined space, such as in refrigerant hoses, the expanding liquid will rupture 
the container, leading to an explosion of rapidly expanding vaporizing liquid.  
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These two-phase flashing refrigerant explosions are more violent than the 
explosion of an air cylinder, for example. This is because, as the pressure in 
the space drops due to the rupture, the compressed liquid refrigerant flashes 
(evaporates almost immediately) into vapor. The explosion is more violent 
because the liquid refrigerant continues to flash into a stream of vapor. 

Shipping 

Department of Transportation Regulations 
Portable refillable recovery tanks or containers used to store or ship 
refrigerants obtained with recovery equipment must meet DOT standards to 
ensure they are safe.  

If you want to ship any refrigerant,  you have to follow the DOT standards to 
prepare the cylinders for shipping:  

• Fill the cylinder only up to 80 percent of its capacity or less, which is 
the same as the EPA standard.  

• Check the hydrostatic test inspection label on the cylinder and ensure 
the cylinder was certified within the last five years.  

• Ensure the cylinder is rated for the refrigerant it contains and is 
properly labeled and color coded.  

Shipping Labels 
When transporting cylinders containing used refrigerant, you must attach DOT 
classification tags. A refrigerant recovery cylinder with a DOT classification tag 
is shown in Figure C–18. Place the refrigerant label directly on the refrigerant 
cylinder to be shipped. DOT regulations require the number of refrigerant 
cylinders of each refrigerant to be recorded on the shipping papers.  

The DOT classification tag and shipping paperwork provide vital information 
to first responders after an accident by identifying the involved refrigerants so 
proper protective actions can be taken.  

The shipping document contains the proper shipping name of the refrigerant, 
the hazard class, and the 4-digit United Nations Identification number 
preceded by the letters UN. The shipping document also displays a 24-hour 
emergency response telephone number.  



Core Section  91 

 
Figure C–18. Photo of DOT classification tag 

You must also properly complete the shipping paperwork as shown in Figure 
C–19.  

 
Figure C–19. Typical shipping paperwork 

Cylinder Loading 

It is a legal requirement that when you load the cylinders into the vehicle for 
shipping, you must place the refrigerant cylinders in an upright position and 
secure the cylinders so they can’t move during transport.  
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Type I—Small Appliance Certification 

Type I Technician Requirements 

This section will prepare you for the EPA Type I Certification online exam for 
technicians working with small appliances. 

If you maintain, service, or repair small appliances (including the recovery of 
refrigerant), you must be properly certified by the EPA as a Section 608 
Type I technician or Universal technician. The sale of refrigerants to service 
or install refrigeration and air conditioning equipment is restricted to 
technicians who are EPA certified in refrigerant recovery. 

Regardless of the system charge, a motor vehicle air conditioner (MVAC) or 
MVAC-like air conditioner does not meet the requirements for Section 608 
Type I certification. To service MVAC systems, EPA Section 609 MVAC 
certification is required (see www.EPAtest.com for Section 609 training and 
testing). To service MVAC-like equipment, either EPA Section 609 MVAC 
certification or Section 608 Type II (or Universal) certification is required. 

What is a Small Appliance? 

EPA defines a small appliance as a product that is fully manufactured, 
charged, and hermetically sealed in a factory with five pounds or less of 
refrigerant. The following is a list of common small appliances: 

• Refrigerators and freezers designed for home use 

• Room air conditioners (including window air conditioners and 
packaged terminal air conditioners[PTACs]) 

• Packaged terminal heat pumps 

• Dehumidifiers 

• Under-the-counter ice makers 

• Vending machines 

• Drinking water coolers 

More than 8 million refrigerators, freezers, air conditioners, dehumidifiers, 
and other vapor compression small appliances are discarded each year in the 
United States, releasing an estimated four million pounds of refrigerant into 
the atmosphere annually. EPA believes that these releases contribute to one of 
today’s greatest environmental threats—the destruction of the stratospheric 
ozone layer. 
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Household refrigerators and other small cooling appliances that combine to 
make up the small appliance category have very small charges and are rarely 
serviced. The relatively low cost of these units typically does not justify 
repair, and the equipment owner usually just replaces the item. When this 
equipment is disposed, it generally enters the waste stream with the charge 
intact. The charge must be removed before it is ultimately discarded. 

EPA has special safe disposal requirements for small appliances, which have 
been enacted to ensure that the final person in the disposal chain (e.g., a scrap 
metal recycler) is responsible for properly recovering the refrigerant before 
the final disposal of the equipment. Anyone along the disposal chain can 
recover the refrigerant, but the final person in the disposal chain has the 
responsibility to ensure the refrigerant has been properly recovered. 

Flammable Refrigerants 

EPA Rules on Flammable Refrigerants 

Hydrocarbon refrigerants are components of oil and natural gas that are found in 
nature. Although hydrocarbon refrigerants have excellent environmental, 
thermodynamic, and thermo-physical properties, these refrigerants are highly 
flammable.  

EPA found that using R-600a (isobutane), R-290 (propane), and R-441A in 
household refrigeration is acceptable. The use of HFC-32 (difluoromethane) is 
acceptable in room air conditioning units.  

R-450A is a zeotropic blend of R-134a and HFO-1234ze designed to serve as 
an alternative to R-134a, offering similar performance but with a lower global 
warming potential of only 547 (a reduction of almost 60% of GWP). 

EPA established the following use conditions for flammable refrigerants: 

• These specific flammable refrigerants may be used only in new 
equipment designed specifically and clearly identified for the 
refrigerant. None of these substitutes may be used as a conversion or 
retrofit refrigerant for existing equipment designed for other 
refrigerants. 

• These refrigerants may be used only in refrigerators or freezers that 
meet the EPA requirements for household refrigeration or retail food 
refrigeration end uses.  

• The charge size limitations are 57 g (2.0 ounces weight) for household 
refrigeration and 150 g (5.3 ounces weight) for retail food refrigeration 
end uses. For vending machines, the flammable refrigerant charge is 
limited to 150 g (5.3 ounces by weight). The charge size limitation 
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applies to each individual isolated refrigerant circuit in the device, not 
the charge in the entire appliance.  

• Refrigeration units using HC refrigerants must be clearly labeled.  

• To denote the system charge is a flammable refrigerant, all pipes, 
hoses, or other devices through which the refrigerant passes and where 
service puncturing or otherwise creating an opening from the 
refrigerant circuit to the atmosphere might be expected must have red 
markings. The color must be present at all locations through which the 
refrigerant is serviced (e.g., process tubes). In addition, the red 
coloring must be in place at all times and be replaced if removed.  

• EPA recommends unique fittings at service apertures.  

 

Note 
UL Standards referenced in this rule don’t allow the inclusion 
of service ports in finished products using flammable 
refrigerants; however, you can add service ports during 
servicing. If you do, the red line marking requirement still 
applies.  

The EPA does not prohibit the sale of hydrocarbon 
refrigerants in containers designed to contain less than 
5 pounds (2.3 kg) of refrigerant. 

Odorization of Flammable Refrigerants 

Odorization is one way to alert manufacturing or servicing personnel of the 
presence of a hydrocarbon refrigerant. EPA’s final rule does not prohibit the 
introduction of an odorant into isobutane, propane, or R-441A refrigerants as 
long as the refrigerant remains within purity specifications.  

According to the EPA, however, the red exterior markings and adherence to 
UL Standards are designed to alert manufacturers, service personnel, and 
customers of the presence of a flammable refrigerant without the need to 
add odorant. 

Tube Marking  

Appliances containing hydrocarbon refrigerants must have red marked pipes, 
hoses, and other devices through which the refrigerant passes to indicate the 
use of a flammable refrigerant. The color is required at all service ports and 
where service puncturing or otherwise creating an opening from the 
refrigerant circuit to the atmosphere would be expected to occur. The color 
must extend a minimum of 1 inch in both directions from such locations.  
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The purpose of the colored hoses and tubing is to enable service technicians to 
identify the use of a flammable refrigerant and to take additional precautions 
(e.g., reduce the use of sparking equipment) as appropriate to avert accidents. 
The red color is particularly important if labels are no longer legible. Adding 
red coloring on tubing inside the appliance provides additional assurance that 
technicians are aware that a flammable refrigerant is present. 

This does not mean that the entire hose or process tube must be colored. For 
process tubes, the tube must be colored red for at least one inch extending 
from the compressor. This way, if the process tube is cut for service, the red 
marking still remains after the tube is welded back together. 

If further servicing would leave the colored portion of the process tube less than 
1 inch long, the red marking must be extended to at least 1 inch. If there isn’t 
enough room to extend the marking at least 1 inch, you need to install a new 
process tube with at least 1 inch of red marking. For other locations—for 
example, if a service port or refrigerant access valve is added to the system—the 
red mark must extend at least 1 inch in both directions from the service port. 

UL Standards referenced in this rule don’t allow the inclusion of service ports 
in finished products using flammable refrigerants; however, as stated 
previously, you can add service ports during servicing and the red line 
marking requirement would still apply. 

The red coloring must always be present (not just applied initially at 
installation) even when a hose or piping is replaced or removed.  

You can use a colored sleeve or cap as long as you meet the requirements of 
the use condition (red color, location, and dimension). However, to remain 
in compliance with the use condition, if you remove a red sleeve or red 
marking during servicing, you are required to replace the red marking on the 
serviced tube.  

Labeling 

Notification is necessary to alert technicians and personnel who dispose of or 
recycle appliances that a refrigerant has the potential to ignite if a sparking 
source is nearby. This is particularly true until those involved in the disposal 
chain become familiar with flammable refrigerants. Labeling provides a 
warning of the presence of a flammable refrigerant.  

Any small appliance that is using a flammable refrigerant must have Danger 
and Caution labels permanently attached at specified locations (on or near 
any evaporator, near the machine compartment, near any exposed refrigerant 
tubing, and on the exterior of the refrigerator). The lettering must be 1⁄4 inch 
(6.4 mm) to make it easier for technicians, consumers, retail store owners, and 
emergency first responders to see the warning labels. 
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The following label must be placed on or near any evaporator that could be 
contacted by the consumer. 

DANGER 
Risk of Fire or Explosion. 

Flammable Refrigerant Used. 
Do Not Use Mechanical Devices To Defrost Refrigerator. 

Do Not Puncture Refrigerant Tubing. 

The following two labels must be placed near the machine compartment. 

DANGER 
Risk of Fire or Explosion. 

Flammable Refrigerant Used. 
To Be Repaired Only By Trained Service Personnel. 

Do Not Puncture Refrigerant Tubing. 

 

CAUTION 
Risk of Fire or Explosion. 

Flammable Refrigerant Used. 
Consult Repair Manual/Owner’s Guide Before Attempting  

To Service This Product. 
All Safety Precautions Must be Followed. 

The following label must be placed on the exterior of the refrigerator. 
 

CAUTION 
Risk of Fire or Explosion. 

Dispose of Properly In Accordance With  
Federal or Local Regulations. 
Flammable Refrigerant Used. 

The following label must be placed near exposed refrigerant tubing. 

CAUTION 
Risk of Fire or Explosion Due To Puncture  

of Refrigerant Tubing; 
Follow Handling Instructions Carefully. 

Flammable Refrigerant Used. 
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Refrigerant Containers 

All flammable refrigerant containers must have a red band on the shoulder or 
top of the container. The EPA does not require unique fittings on the 
refrigerant cylinders.  Of course, as stated previously, flammable refrigerants 
are used only in appliances specifically designed for flammable refrigerants.  

 

Caution  
Non-refrigerant-grade hydrocarbons should never be used as 
refrigerants because the impurities in the lower grade can cause 
serious problems. The contaminants are typically not removed by 
the filter drier and can cause the lubricant to thicken, resulting in 
increased wear or passage clogging.  

Training Requirements 

Only technicians specifically trained in handling flammable refrigerants may 
service refrigerators and freezers containing these refrigerants. To become a 
Type I certified technician, you must also understand the techniques and 
service practices that are used to minimize the risk of fire and understand how 
to use flammable refrigerants safely.  

Training is an important way for you to learn about the safe handling of 
flammable refrigerants and become certified. Other countries where 
hydrocarbon refrigerants are currently in wide use have long-standing training 
programs on flammable refrigerants. The use of hydrocarbon refrigerants, and 
training on such use, is in its infancy in the United States and is generally tied 
directly to specific products or applications, rather than generally to multiple 
types of products.  

Since the inception of the SNAP program and the Section 608 refrigerant 
management program, the EPA has continued to list a variety of new 
refrigerants as acceptable. The EPA does not require that certified technicians 
be recertified as a result of the listing of the additional refrigerants. 
Furthermore, the goal of the Section 608 technician certification program is to 
reduce emissions during servicing, maintenance, repair, and disposal.  

EPA certification training isn’t a substitute for the proper training that is 
normally provided through trade schools, apprenticeships, or other industry 
mechanisms. Although some limited flammable refrigeration training has 
been incorporated into this Mainstream EPA training course, far more 
information is available. The limited training in this course is meant to give 
you an awareness of the regulations, not give you a complete training program 
in the safe use of flammable refrigerants.  
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Although EPA does not require training as a use condition for these 
flammable substitutes, to ensure that the flammable refrigerants can be used as 
safely as other available refrigerants, you should also obtain field training on 
the safe handling of hydrocarbon refrigerants. Certification training is 
available at www.EPAtest.com. 

Recovery Requirements 

Small Appliance Evacuation Requirements 

If you are opening small appliances for maintenance, service, or repair, 
the relative quantity of refrigerant you must recover depends on whether 
the compressor in the appliance is working or not. When you open a 
small appliance for maintenance, service, or repair, you must do one of 
the following:  

• Recover 90 percent of the refrigerant in the appliance when the 
compressor in the appliance is operating (90 percent of the name plate 
charge)  

• Recovery 80 percent of the refrigerant in the appliance when the 
compressor in the appliance isn’t operating (80 percent of the name 
plate charge) 

• Evacuate the small appliance to 4 inches of mercury vacuum, 
regardless of the operating condition of the compressor 

You must meet one of these recovery requirements regardless of the type of 
recovery machine (passive or active) that you use. If the compressor of the 
system is functional, you can use the compressor to pump the refrigerant out 
of the system to meet the evacuation requirement of 90 percent or four inches 
of mercury vacuum.  

A recovery bag can be used instead of a recovery tank. A recovery bag 
inflates as refrigerant is introduced so the pressure does not build up in the 
bag, allowing greater amounts of refrigerant to be recovered into the bag 
without a pressure increase.  

If the compressor of the system is broken, the required amount of refrigerant 
recovery is lower (only 80 percent) because only the pressure difference 
between the system and the recovery vessel (typically a recovery bag or 
evacuated recovery tank) is available to force the refrigerant out of the system. 
In this case, you might need to cool the recovery vessel and heat the system to 
get the necessary recovery mass removed.  
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Example  
You are changing out the compressor of a system containing three 
pounds of R-410A and the compressor of the system being 
recovered does not function. You must recover at least 80 percent 
of the refrigerant charge from the system (3 x 0.8 = 2.4 lbs.) or 
recover to a 4-inch of mercury vacuum. 

Recovery Devices 

Recycling and recovery equipment must be tested by an EPA-approved third 
party and be equipped with low-loss fittings. The low-loss fittings can be 
either manually closed or automatically closed when disconnected to prevent 
loss of refrigerant from hoses. The recovery equipment does not need to have 
an oil separator or be able to handle more than one refrigerant. As stated 
earlier in this manual, AHRI 740 has two equipment classifications, system-
dependent equipment and self-contained equipment.  

System-Dependent Equipment 

System-dependent equipment depends on the operation of components of the 
system where the refrigerant is being recovered and can only be used on 
appliances with 15 pounds or less of refrigerant. You can use a system-
dependent recovery device for refrigerant recovery from any small appliance 
because small appliances only have a charge of five pounds or less. You can’t 
use a system-dependent recovery device for larger appliances (more than 
15 pounds of charge) such as a centrifugal air conditioner, a reciprocating 
liquid chiller, or a large commercial walk-in freezer unless the system-
dependent equipment is permanently attached to the appliance as a 
pump-down unit.  

You can use a passive recovery device to recover refrigerant from small 
appliances. A passive recovery device is a subset of a system-dependent 
recovery device that captures the refrigerant in a non-pressurized container or 
recovery bag without the use of the system compressor to transfer the 
refrigerant. A passive recovery device can use heat (to raise the pressure in the 
system) or cooling of the recovery tank (to lower the recovery tank pressure).  

Because passive recovery systems don’t rely on the system compressor, you 
can use a passive recovery device on systems with an inoperative compressor. 
When using a passive recovery process with an inoperative compressor, you 
need to connect both the high and low side of the system to the passive 
recovery tank or bag to achieve maximum refrigerant recovery.  
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Tips  
If you are recovering refrigerant into a non-pressurized container 
from a household refrigerator with an inoperative compressor, 
heating and striking the compressor with a rubber mallet is 
helpful. The vibration helps dislodge refrigerant from under the 
oil in the compressor crankcase.  

If you open an appliance containing a refrigerant for maintenance, 
service, or repair, you must have at least one self-contained recovery 
machine available. The exception to this rule is if you’re working on 
small appliances or systems with a charge of less than 15 pounds. 
For these systems, you can use system-dependent recovery devices. 

Self-Contained Equipment 

Self-contained recovery or recycling equipment does not require the help 
from or operation of any components in the system where the refrigerant is 
being recovered or recycled.  

If you only hold a Type I certification, you don’t need to have any certified 
recovery equipment. You can rely on system-dependent recovery, for example, 
using the system compressor if it works and refrigerant bags or an evacuated 
recovery tank. However, if you hold any EPA certification other than just Type I 
certification, you must have at least one piece of certified, self-contained 
recovery or recycling equipment available at your place of business.  

 

Tip  
Self-contained active recovery devices recover the refrigerant 
faster and can be configured to clean the refrigerant at the same 
time as you recover the refrigerant. Therefore, active recovery 
devices might be economically justified. 

Many technicians use a self-contained recovery unit instead of wasting time 
with system-dependent recovery units for the following reasons: 

• The recovery unit doesn’t risk harming the system compressor due to 
overheating. You can connect the unit and leave it alone, which allows 
you to do other work without risking damage to the compressor 
during recovery. 

• Recovery is simpler. You only need one service connection, so you 
only need to install one piercing access valve. 
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• Recovery is faster. 

• Recovery is possible when the appliance has a leak. Recover to 4 "Hg, 
and you are done. You don’t need to try to achieve 80 or 90 percent 
recovery (of the nameplate charge) when the charge is actually below 
that value because of leakage.  

 

Example  
If the system has leaked 30% of the charge, it would be impossible 
to recover 80% of the nameplate charge because only 70% of the 
nameplate charge is in the system. 

 

Static Electricity Concerns  

As shown in Figure I–1, when the concentration of a flammable refrigerant 
reaches or exceeds the lower flammability limit (LFL) and is below the upper 
flammability limit (UFL) an explosion or fire can occur if an ignition source 
such as a spark, open-flame, or other very hot surface exists. A static 
electricity spark can be this ignition source.  

 

Example  
For flammable refrigerant shown in Figure I–1, if the concentration 
is below the lower flammability level of approximately 2%, the 
concentration isn’t high enough for combustion. If the concentration 
is above the upper flammability level of approximately 10%, 
insufficient oxygen prohibits combustion. 

 
Figure I–1. Example of flammability limits of a  

possible hydrocarbon refrigerant 
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Caution 
When recovering flammable refrigerants, always ensure 
that the refrigeration system, recovery unit, and recovery 
tank are all properly grounded.  

Never apply an open flame to a charged system or a 
refrigerant cylinder. 

 

Tip  
If you smell a pungent odor during recovery and/or repair of a 
system, acid is probably in the system as a result of a compressor 
burnout, and a new compressor is necessary. This refrigerant is 
most likely highly acidic and can’t be recycled; therefore, don’t 
reuse this refrigerant.  

If there was a compressor burnout, look for signs of contamination 
in the oil when recovering the refrigerant. If the oil is contaminated 
and you are planning to repair the system, you need to flush the 
system. Flush the remaining system components (not the compressor 
or expansion device) with a commercial flushing solution such as 
Qwik System Flush®. Then install a new liquid-line filter drier and 
a suction-line filter drier (to keep contaminates from returning to 
the oil sump of the new replacement compressor). 

Table I–1. Saturation Data for Potential Small Appliance Refrigerants 

Temp 
(°F) 

                                Pressure (PSIG) 

R-32 R-134a R-290 
 

R-404A 
 

R-410A R-441A R-1234yf 
0 49 6 24 34 48 20 9 
5 56 9 28 39 55 24 12 

10 63 12 32 44 62 27 15 
15 71 15 36 50 70 31 18 
20 80 18 41 57 79 35 22 
25 89 22 46 63 88 39 25 
30  99 26 52 71 97 44 29 
35 110 30 58 79 108 49 34 
40  121 35 64 87 119 54 38 
45 133 40 71 96 131 60 43 
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Temp 
(°F) 

                                Pressure (PSIG) 

R-32 R-134a R-290 
 

R-404A 
 

R-410A R-441A R-1234yf 
50  146 45 78 105 143 65 49 
55 160 51 85 115 157 71 54 
60  174 57 93 126 171 78 61 
65 189 64 101 137 186 85 67 
70 206 71 110 149 202 92 74 
75 223 79 120 162 219 99 81 
80 241 87 129 174 238 107 89 
85 261 95 140 190 255 116 97 
90 281 104 151 204 275 124 106 
95 303 114 162 220 296 134 115 

100 326 124 174 237 319 143 125 

Equipment Certification 

The recovery or recycling equipment you use for the maintenance, service, or 
repair of small appliances must have a label stating it was tested by an 
EPA-approved testing laboratory to ensure the equipment can achieve the 
required results.  

For small appliances, your equipment must be certified to be capable of one of 
the following: 

• Recovering 90 percent of the refrigerant in the system when the 
compressor of the system is operating, or recovering 80 percent of the 
refrigerant from the system when the compressor of the system isn’t 
operating  

• Achieving a 4-inch vacuum based on AHRI Standard 740 

Refrigerants Not Recovered with EPA-Approved Recovery 
Devices 

Some older appliances use refrigerants such as R-717 (ammonia), R-764 
(sulfur dioxide), methyl chloride, and methyl formate, which can’t be 
recovered with the recovery/recycling machines regulated by the EPA and 
don’t have to be recovered. These substances are toxic and/or potentially 
carcinogenic. Therefore, you must use different types of equipment, 
procedures, and safety precautions. You also must take precautions to avoid 
inhalation of these substances.  

For refrigerators, if the refrigerant is ammonia or sulfur dioxide, the 
thermodynamic cooling process typically is heat-driven absorption, not vapor 
compression. These systems can be heat powered, from natural gas for 
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example, and could be both heat- or electrically driven (where either the fuel 
or the electric energy is converted to heat). Look on the back of the unit for a 
natural gas hookup.  

Training to work with these refrigerants is outside the scope of this 
manual. See the specific equipment manufacturer for additional 
information and training. 

Fortunately, very few of these units remain in the field. If you have to service 
one, however, read the safety data sheet (SDS) for the working fluid, and 
consult with the manufacturer for recovery, repair, or disposal methods. For 
these refrigerants, you don’t need to use equipment currently regulated by the 
equipment certification requirements of the EPA under Section 608. 

Hydrogen and water can also be present as components of refrigerants used in 
small appliances in campers or other recreational vehicles. These refrigerants 
don’t need to be recovered either, and they also can’t be recovered with 
current EPA-approved recovery devices.  

 

Caution  
Hydrogen is very explosive, so contact the equipment 
manufacturer for specific training and proper procedures. Do not 
use vacuum pumps or recovery machines on equipment that 
contains hydrogen unless the equipment is rated explosion-proof 
and rated for use with hydrogen. Never vent hydrogen in an 
enclosed space. 

Small Appliance Equipment 

Fittings, Connections, and Ports 

EPA regulations require that all air conditioning and refrigeration equipment 
containing more than one pound of refrigerant be provided with a servicing 
aperture to facilitate removal of refrigerant when the unit is serviced or 
disposed of. For small appliances, this service port typically is a straight piece 
of tubing that is sealed at the end and typically referred to as a process stub or 
process tube as shown in Figure I–2. 

Service ports are not allowed in new household refrigerators or standalone 
retail food refrigerators that use flammable refrigerants, but Clean Air Act 
regulations require a process tube because a service fitting isn’t being used.  

This process tube must have at least a one-inch-long red marking on the tube 
to indicate flammable refrigerant, and if this marking is removed or shortened, 
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it must be replaced with a new red mark that is at least one-inch long. If a 
service port or access valve is installed after manufacture, which is allowable, 
the required red flammable marking must be applied at least one inch in both 
directions from the valve. Such fittings, if installed, should be designed 
specifically for flammable refrigerants. 

 
Figure I–2. Process stub on a small appliance  

with flammable refrigerant 

The process stub is punctured with a piercing-type (or saddle) access valve 
that attaches temporarily, facilitating refrigerant recovery and recharging. The 
access valve shown in Figure I–3 is essentially clamped to the process stub 
tube (as far out on the tube as possible to allow subsequent attachments). The 
valve uses an O-ring face seal against the tube to prevent leakage.  

 
Figure I–3. Piercing-type access valve on a small appliance  

with nonflammable refrigerant 



Type I  107 

When attached, the valve core punctures a small hole in the tube, allowing 
access to the refrigerant. You might be tempted to keep the access valve in 
place for future use, but this would be a mistake because the valve isn’t a 
perfect seal. In time, all of the refrigerant will leak from the system. The 
proper procedure is to crimp the process tube up-stream of the valve 
essentially to seal the tube. Then remove the access valve and braze the 
crimped tube closed to ensure a leak-tight seal.  

Graduated Charging Cylinders 

A graduated charging cylinder is designed to be filled with refrigerant and 
used to charge a system accurately with refrigerant. Today, most technicians 
use a portable scale and the refrigerant tank to determine how much 
refrigerant has been added to a system. However, another accurate method is 
to use a charging cylinder. Graduated charging cylinders are able to hold only 
a relatively small amount of refrigerant, so they typically are only used with 
small appliance applications.  

Graduated charging cylinders have a clear glass column running from the top 
to the bottom of the cylinder so you can see the refrigerant inside as shown in 
Figure I–4. They also have a pressure gauge at the top of the cylinder.  

 
Figure I–4. Graduated charging cylinder 

You can see the volume of liquid refrigerant in the cylinder through the glass 
column. By using the saturation pressure displayed by the pressure gauge, 
you can use the saturation temperature and the density of the refrigerant to 
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convert the volume of refrigerant to the mass of refrigerant in the cylinder. 
Various scales are located on the clear glass column to make this task easy. 
When filled to the desired charge, you can use the electric heater in the 
graduated cylinder to pressurize the refrigerant and force it into the system 
being charged. 

Because charging cylinders are designed to be refilled, you can use them 
to store recovered refrigerant temporarily during a service call and then 
recharge the refrigerant into the system.  

 

Caution  
Do not leave refrigerant in a charging cylinder for extended 
periods of time.  

Never transport refrigerant in a charging cylinder.  

 

Tip  
Because small appliances have very small refrigerant charges, 
you can use the charging cylinder to store refrigerant during the 
service or maintenance until you return the refrigerant to the 
system after the service. 

If you are going to use a graduated cylinder, be sure you use one 
that is large enough for the job. Also remember that when you fill 
a graduated charging cylinder, you must recover refrigerant that 
is vented off the top of the cylinder. 

Recovery Methods for Small Appliances 

You’ve already inspected your tools and equipment, and you have the 
necessary protective gear to keep yourself safe. Now you are ready to begin 
recovering refrigerant from the small appliance. These are the steps to follow: 

1. Identify the refrigerant in the appliance. 

2. Extract the refrigerant, storing it in a DOT-approved recovery 
cylinder, which has a gray body with yellow top. (The terms recovery 
cylinder and recovery tank are used interchangeably.) If the refrigerant 
is to be returned directly to the system after service, you can use a 
graduated charging cylinder. 
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3. Return the recycled or recovered refrigerant to the appliance, or 
recharge the system with new or certified (to meet AHRI 700 purity 
standards) reclaimed refrigerant.  

4. Finish the job by verifying all valves are closed and capped or 
removed, and the system is resealed.  

These steps are explained in more detail in the following section. 

Identifying the Refrigerant 

You could use an AHRI 700 purity test to determine the type of refrigerant. 
However, because this test is expensive, it isn’t practical or cost effective for a 
small appliance. You might be able to use the saturation pressure–temperature 
characteristics of the refrigerant or the nameplate to verify the refrigerant (see 
Table I–1). For small appliances, the charge is small. If you’re uncertain about 
contamination or cross charge of the refrigerant, change the charge. 

To determine the type of refrigerant used in an appliance, first look at the 
identification tag attached to the unit. Figure I–5 shows the nameplate from a 
small appliance water cooler. The location of the nameplate varies depending 
on the manufacturer and appliance. Look for the name plate on the back of the 
unit inside the refrigerated compartment, on the side of the door, on the 
compressor unit, or under a faceplate or external body panel.  

 
Figure I–5. Nameplate on a water cooler 

As stated previously, for refrigerators, if the refrigerant is ammonia or sulfur 
dioxide, the thermodynamic cooling process typically is heat-driven 
absorption, not vapor compression. These systems can be heat powered, from 
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natural gas for example, and could be both heat- or electrically driven (where 
either the fuel or the electric energy is converted to heat).  

Look on the back of the unit for a natural gas hookup. Ammonia or sulfur 
dioxide refrigerants don’t need to be recovered because they have no ozone 
depletion potential. However, these working fluids are toxic, and you must use 
different types of equipment, procedures, and safety precautions. Training for 
work with these refrigerants is outside the scope of this manual. See the specific 
equipment manufacturer for additional information and training.  

Extracting the Refrigerant (Refrigerant Recovery) 

Before beginning a refrigerant recovery procedure, you need to know the type 
of refrigerant that is in the system. After you’ve identified the type of 
refrigerant, you can select the proper DOT-approved refrigerant recovery 
machine and recovery cylinder for the refrigerant. Either select a new cylinder 
that has been properly evacuated or a recovery cylinder that currently holds 
the type of refrigerant in the appliance you are recovering.  

Ensure the recovery cylinder has been properly labeled to indicate the 
refrigerant it contains. You can also use a graduated recharging cylinder if you 
are returning the refrigerant directly to the system after servicing.  

 

Note 
If you mix one refrigerant type with another refrigerant type, 
you can’t reuse the refrigerant. Refrigerants should never be 
mixed. Separating accidently mixed refrigerants is only 
possible by a certified refrigerant reclamation facility, and 
many times the separation isn’t possible or economically 
feasible. If the refrigerants can’t be separated, the mixture 
must be sent to an approved EPA facility for destruction. 

You need the following basic tools for recovering refrigerants from small 
appliances: 

• Piercing access valve(s) if no service valves are on the system 

• EPA-certified self-contained recovery unit (certified for the refrigerant 
being recovered) or a system-dependent recovery method 

• Manifold gauge with hoses 

• DOT-certified recovery cylinder rated for the refrigerant pressures of 
the refrigerant being recovered or some other means of storing the 
refrigerant such as a refrigerant bag 
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Example  
Cylinders labeled DOT-4BA or DOT 4BW can be used for 
R-134a, R-12, R-22, R-404A, R-407C. Cylinders labeled 
DOT-4BA400 or DOT 4BW400 can be used for R-410A, as well 
as other lower pressure refrigerants such as R-134a, R-12, R-22, 
R-404A, and R-407C. 

 

Tip 
If the piercing valve is solderless, only use it temporarily on 
copper or aluminum tubing. When you have completed servicing 
the system, remove the valve and seal the tube to prevent leaking 
after the repair. If you are disposing of the refrigerant, you can 
put locking pliers-type piercing valves on the tube temporarily, as 
shown in Figure I–6, while the refrigerant is being recovered. 

 
Figure I–6. Locking-pliers piercing access valve 

As you learned earlier in this study guide, the recovery unit is either system-
dependent or self-contained. System-dependent recovery can be used only on 
appliances containing 15 pounds or less of refrigerant and by definition needs 
the help of components inside the small appliance to evacuate the refrigerant 
(usually the compressor if it works or the pressure in the system). Self-
contained units remove the refrigerant without any help from the appliance.  

The following steps outline the general process for recovering the refrigerant. 
If these instructions differ from those of the equipment manufacturer, always 
follow the manufacturer’s instructions for your recovery unit. When reading 
through this section, refer to Figure I–7 and Figure I–8 to see the basic 
components of a refrigeration system and how the refrigerant flows through 
the system.  
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Figure I–7. Basic refrigeration diagram with two service ports 

 

 
Figure I–8. Refrigeration diagram with process stubs shown 

Figure I–9 shows a small appliance with a process tube. The low-side process 
stub is attached to the compressor can, which is common.  

This system also has a high-side process stub attached to the filter drier. A 
high-side process stub is less common, but when available, this process stub is 
typically located on the filter drier as shown. Some filter driers use a 
Schrader-valve-type service port. 
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Figure I–9. Process stubs on a small appliance with  

nonflammable refrigerant 

Connecting Service Hoses  

The first thing you need to do when extracting the refrigerant is decide where 
to connect your service hoses. Manual or self-sealing valves on the ends of the 
gauge set hoses are required to minimize any release of refrigerant.  

 

Caution  
Be careful not to trap liquid refrigerant in the service hoses. If 
liquid refrigerant is trapped in the service hose, as the line 
warms, liquid refrigerant expands with no place to go. The 
pressure in the hose can get quite high and damage or burst 
the hose. 

Using Two Service Ports 

If the small appliance has both high- and low-side service ports as shown in 
Figure I–6, attaching to both ports is best. Not only is the recovery faster, but 
also you know that all the refrigerant will be recovered. If you only attach to a 
single side, the refrigerant recovery depends on the ability of the refrigerant to 
be drawn through the throttling device (thermal expansion device) and/or the 
compressor, which can make the recovery rate much slower.  
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Instead of having service valves, many small appliances have a process stub 
as shown in Figure I–8. To service this type of small appliance, you have to 
attach a piercing valve to the process stub. The recovery time saved (by using 
two access valves) might not be offset by the additional time required to 
install a second access valve because small appliances have a small charge.  

If you are disposing of the system, locking-pliers-type piercing access valves 
as shown in Figure I–6 are fast to connect. It is a good idea to have two of 
these tools so you can connect to both the high side and low side to speed 
recovery before discarding the unit. 

In larger systems, two service access points are always used because of the 
larger refrigerant charge and the faster recovery time. Of course, two service 
valves have other benefits when diagnosing system problems, such as the 
ability to determine both subcooling and superheat because both high- and 
low-side pressures can be monitored during operation. 

Using One Service Port 

To help you decide if you should connect only to a single side, consider the 
following issues:  

• If the compressor isn’t operating when connecting to the low-side 
service port, the compressor valves will prevent refrigerant from 
flowing backward through the compressor, and you must recover the 
high-pressure refrigerant as it flows through the throttling (thermal 
expansion) valve. However, after you finish the recovery, the low-side 
access port is better suited for recharging refrigerant.  

• The high side operates at an elevated temperature and pressure relative 
to the recovery tank. If you want to be able to charge refrigerant at 
ambient pressure and temperature back into an operating system 
through only a high-side service connection, you must do one of the 
following: 

o Charge the refrigerant back into the system using the additional 
pressure head developed by the recovery machine. 

o Use a heated graduated charging cylinder. 
o Heat the refrigerant storage container (never use an open torch). 

As you can see in Figure I–7, the high-pressure side of the system refers to any 
part of the plumbing system located between the compressor discharge (outlet) 
and the throttling (expansion) device inlet (shown as a thermal expansion valve in 
Figure I–7), but it could also be a capillary tube or orifice plate).  

Figure I–8 shows a schematic of the system where a capillary tube is used 
instead of a thermal expansion valve. Figure I–9 also shows a typical 
configuration where the capillary tube expansion device is connected directly 
to the upstream spun-metal filter drier. 
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The low-pressure side of the system is any part of the plumbing system 
located between the throttling (expansion) device outlet and the 
compressor inlet.   

• If you are using a system-dependent recovery process and the 
compressor does operate, recover the refrigerant from the high side 
because the compressor will pump the refrigerant to the high side (see 
the following Caution). 

• If you are using a passive recovery device and the compressor does not 
run, you must access both the high and low sides of the system for 
refrigerant recovery.  

 

Caution  
Be careful when operating a system compressor with suction-
side pressures below 0 psig. Remember, you only need to 
recover either 90 percent of the charge or recover to a vacuum 
of 4 "Hg vacuum, not both. Never operate the system 
compressor with a suction side pressure below 4 "Hg vacuum to 
avoid burning out the compressor. 

Hermetic compressors, which are commonly used in small appliances, all rely 
on the flow of refrigerant through the compressor to cool the compressor 
motor windings. Therefore, never operate the system compressor when you 
are using a self-contained recovery machine.  

When using a system-dependent recovery system, if the system compressor is 
used to evacuate the system, you must be careful to avoid damaging the 
compressor by overheating. The cooling to the compressor is reduced as the 
low-side pressure is reduced. Therefore, the refrigerant flow is reduced. If too 
deep a vacuum is drawn by the system compressor, the compressor will burn 
out in a matter of minutes.  

If you are working on a sealed system with an operating compressor that has a 
completely restricted capillary tube and you plan on using only one piercing 
access valve, this valve must be located on the high side of the system so that 
the low-side refrigerant can be drawn through the compressor. 

If you are using a self-contained recovery device that can’t handle ingesting 
liquid refrigerant, you must restrict the initial flow of refrigerant (typically 
done by partially closing a valve in the supply line) so that the refrigerant 
flashes in the tubing leading to the recovery compressor and avoids 
compressor slugging. When the system pressure has dropped below the 
saturation pressure, you can remove the restriction (open the valve fully).  
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Installing an Access Valve 

If you decide to access the system through the process stub, install a piercing-
type access valve on the process stub, which is typically located on the 
suction side of the compressor. Sometimes both a high- and low-side process 
stub exists. 

Install the access valve near the sealed end of the process stub to allow room 
for additional access valve connections after the initial access valve is 
crimped-off and sealed.  

 

Caution  
When installing any type of access fitting onto a sealed system, 
you must leak test the fitting before proceeding with recovery. 

Recovering the Refrigerant 

The following steps describe how to recover the refrigerant:  

1. Attach the recovery hose or hoses to the recovery unit if not already 
connected. If the recovery unit has a suction side pressure gauge, 
connect the recovery hose(s) directly to the recovery unit without 
plumbing through a manifold gauge to reduce overall pressure drops 
and reduce recovery time.  

2. If not already connected, attach an evacuated recovery cylinder (or a 
recovery cylinder containing the same refrigerant) to the outlet of the 
recovery machine using a self-sealing hose. 

3. Attach the recovery hose or hoses to the service connection using self-
sealing hoses. 

 

Caution  
After connecting to the system (installing and opening a 
piercing access valve or connecting to an existing service valve), 
if the system pressure is 0 psig, don’t begin any recovery 
procedure because the system has a leak, and all the refrigerant 
has leaked out. Air and potentially moisture most likely have 
leaked into the system making refrigerant recovery impossible 
(there is little or no refrigerant to recover). If you were to 
recover the air and moisture in the system, you would 
contaminate any other refrigerant in your recovery tank. 
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4. Open the service valve connection, allowing refrigerant to flow 
naturally into the recovery tank.  

5. When the natural pressure-driven flow has slowed or stopped, turn on 
the recovery machine. If you are using a system-dependent recovery 
unit and the compressor in the appliance is inoperative, the only way 
to recover the required amount of refrigerant (80% of nameplate 
charge) is to use a non-pressurized container, such as a refrigerant 
recovery bag or a chilled and/or evacuated recovery cylinder (as well 
as possibly heating the system). Alternatively, if you are using a 
system-dependent recovery unit and the compressor in the appliance is 
inoperative, the only way to recovery to 4 inches of mercury vacuum 
is to use an evacuated recovery cylinder along with potentially heating 
the system and cooling the recovery cylinder.  

6. Evacuate the system to the required level. Recover the refrigerant 
according to EPA guidelines. Remember, if you are using a self-
contained recovery machine, you can recover the system to 4 "Hg 
instead of the 80 or 90 percent requirement. This might be your only 
option if the refrigerant charge is low. You must recover 80 or 
90 percent of the charge on the nameplate on the small appliance. If 
some of the refrigerant has leaked out, less than 80 percent of the 
charge could remain in the system, making 80 or 90 percent recovery 
impossible. In this case, your only alternative is to recover to 4 "Hg.  

7. Shut off the recovery machine and disconnect all hoses. 

8. After you finish making any repairs and have installed a new filter 
drier, leak check the system (using a static pressure decay test).  

9. When the system is leak tight, use a vacuum pump to achieve a final 
deep vacuum of at least 500 microns (ideally 300 microns). To reach 
this level of evacuation, you might need to use a dry nitrogen source to 
perform a triple evacuation.  

10. Recharge the system with either the recovered or recycled refrigerant 
from this system or from a system owned by the same person (if you 
know the refrigerant is clean). Alternatively, you can use new or 
reclaimed refrigerant.  

 

Caution  
Never use recovered or recycled refrigerant from the system if the 
system had a compressor burnout or any water, air, or other 
contaminant intrusion into the refrigerant. Never attempt to reuse 
or recycle highly acidic or moisture-laden refrigerant or oil. 
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11. After properly recovering the refrigerant, send the refrigerant to an 
approved recycler or waste refrigerant disposer if necessary. Never 
mix refrigerants.  

 

Tip  
A standard vacuum pump designed specifically for evacuation 
and dehydration can never be used as a recovery device in 
combination with a pressurized container. 

When the Compressor Isn’t Running 

Sometimes the compressor isn’t operating during recovery either because you 
are using a self-contained recovery machine or you are performing a passive 
recovery and the system compressor is broken. When the compressor isn’t 
running, you must help release trapped refrigerant from the system 
compressor oil.  

One way to release trapped refrigerant is to activate the compressor crankcase 
heater (if available), which heats the compressor oil and helps remove any 
refrigerant dissolved or trapped in the compressor oil. Another way (in 
addition to activating the crankcase heater if one exists) is to strike the 
compressor several times with a rubber mallet to help dislodge any refrigerant 
that could be trapped under the oil in the compressor oil sump.  

To speed the recovery process and ensure that all refrigerant has been 
removed from a frost-free refrigerator, turn on the defrost heater to increase 
the vapor pressure in the system.  

When Using a Passive Recovery Device 

When using passive recovery devices to achieve the required refrigerant 
recovery amount (80 percent of the nameplate charge when the compressor is 
non-operational), you must help release trapped refrigerant from the 
compressor oil. 

 

Note 
If the recovery tank inlet valve (which is connected to the 
discharge of the recovery machine) has not been opened or if 
there is excessive air in the recovery tank, excessive pressure 
conditions result on the high side of the recovery device. This 
could cause the recovery unit to shut off on a high-pressure safety 
switch or the recovery tank to vent its contents (in the case of the 
air in the tank) to avoid over pressurization and risk of explosion. 
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Non-Condensable Gases 

Appliances are designed to run with only refrigerant and oil circulating inside 
them. If air gets into the refrigeration system or into a recovery cylinder, the 
system won’t function properly because the air won’t condense. This means 
that the air or any other non-condensable vapors displace the refrigerant, 
leading to increased system high-side pressure as well as potentially trapping 
these non-condensables in the condenser, reducing the effective working area 
of the condenser for heat transfer.  

On small appliances, because the charge is smaller, the negative effect of a 
small volume of air is worse. If you try to recharge the system without first 
removing the non-condensable gases, the system operates at a condensing 
pressure that is higher than normal. In addition to reducing the capacity of the 
condenser to reject heat, the non-condensables raise the overall discharge 
temperature and pressure. As a result, the system not only loses efficiency, but 
also the components in the system, such as the compressor, have the potential 
to fail prematurely due to the extra load.  

Non-condensable gases also can cause chemical reactions that produce acids, 
reduce oil lubricity, and typically carry moisture into the system. Water vapor 
inadvertently introduced into the system with the air that enters the system 
harms the system because moisture accelerates the formation of acids in the 
refrigerant and oil.  

If the evaporator is operating below the freezing point of water, the water 
vapor in the refrigerant can freeze in the small passage of the expansion 
device, causing the system to stop cooling. This type of failure is easily 
identified if the system stops cooling after operating for a while (due to the 
ice-clogged expansion valve) and after sitting idle, the system operates 
normally for a while again before ice forms in the expansion device. 

Preventing Non-Condensable Gases 

To prevent damage to your appliance, you need to ensure no non-condensable 
gases are in the system. One way to avoid introducing non-condensable gases 
into the system is to perform a proper system evacuation after the system 
has been repaired and pressure leak tested and before charging the system 
with refrigerant.  

You also need to know if excessive air or other non-condensable gas exists in 
the recovery cylinder because you don’t want to put refrigerant with non-
condensable gas back into the appliance.  

Because you know non-condensable gas causes the pressure to rise, if you 
knew what the pressure was supposed to be and you measure what the actual 
pressure was, you might be able to tell if non-condensable gases are in 
the system or the recovery cylinder.  
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If you know the room temperature where the appliance or recovery cylinder is 
located (and this temperature is stable and represents the temperature of the 
system), you can find out what the pressure should be if no non-condensables 
were in the system. Then you can compare that pressure with the actual 
pressure. If the actual pressure is higher, non-condensables could be present.  

If the refrigerant is a blend, fractionization of the blend could change the 
pressure in the system, but fractionization typically leads to lower pressures. 
Because the more volatile (high-pressure) refrigerant tends to leak out more, 
the pressure is lowered, not increased, as would be the case with non-
condensables in the refrigerant. 

Checking for Non-Condensable Gases 

When checking for air or other non-condensable contaminates inside a system 
or recovery cylinder, allow the temperature of the system or cylinder to 
stabilize to room temperature before taking a temperature and pressure 
reading. A comparison to a pressure–temperature chart is only valid if both 
the pressure and temperature of the refrigerant are stable and known. 

When in doubt, don’t use the refrigerant. If you suspect the refrigerant in a 
recovery cylinder is contaminated, turn refrigerant in for reclamation. 
However, if a reclamation facility receives a tank of mixed refrigerant, it 
could refuse to accept the refrigerant or charge extra for processing. 

 

Tip  
As part of your regular recovery equipment maintenance, check 
the recovery equipment for refrigerant leaks. Depending on the 
location of the leak, the unit could lose refrigerant or introduce 
air into the recovery cylinder. 

Replacement Refrigerants 

According to EPA, there are no “drop-in” service replacements for any 
refrigerants. The term drop-in replacement means that the refrigerant provides 
exactly the same cooling, efficiency, pressure ratio, and other performance 
factors as the original refrigerant with no changes to existing equipment. 
Despite what some sales materials claim, every replacement refrigerant 
requires some change to the system. However, some changes are only minor, 
and the performance differences can be minimal.  

R-404A was to be banned from use in new domestic refrigerators beginning 
January 1, 2021; however, the U.S. federal court has ruled that the Clean Air 
Act authority given to the EPA is limited to banning ozone-depleting 
substances. Because HFCs like R-404A have zero ODP, the EPA has no 
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jurisdiction to ban any HFCs. Therefore, at this time, without new 
congressional legislation, there is no plan to ban any HFCs. Keep up to date 
on this evolving issue at the Mainstream website www.EPAtest.com. 

R-22 is banned for use in new equipment and will be banned from production 
or import for use into any existing system in 2020. Reclaimed and recovered 
refrigerant can, of course, still be used. 

Putting the Refrigerant Back into the Appliance 

If you know the recovered refrigerant is clean, you can put this refrigerant 
back into the appliance from which you removed it or into another appliance 
owned by the same person.  

Before charging the system, follow these guidelines:  

• Always change the filter drier when replacing the refrigerant charge. 

• Always leak check the system (under positive pressure). 

• Always evacuate the system (deep evacuation to at least 500 microns) 
using a triple evacuation before charging the system.  

Refrigerant Replacements 

If the refrigerant you removed is an ozone-depleting refrigerant that was 
phased out (meaning it is no longer available for purchase as a new 
refrigerant) and you can’t reuse the refrigerant you removed, you have only 
two options.  

• Purchase reclaimed refrigerant for use in the system.  

• Modify the system to accommodate a replacement refrigerant.  

Refrigerant 134a has been used for years as a replacement for R-12 in 
household refrigerators. R-134a does not deplete the ozone and its pressure–
temperature characteristics are very similar to R-12. But R-134a has a very 
high GWP and could be phased out in the future if further legislation to ban 
HFCs is enacted by congress and becomes law. 

Removing an Access Valve 

If you have installed a solderless-type piercing valve, you have to remove the 
access valve after you charge the system to prevent a likely long-term leakage 
problem. To remove the piercing valve, crimp the process stub upstream of 
the valve, remove the access valve, and braze the process stub tube closed.  
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Note 
When the compressor of a small appliance (such as a 
household refrigerator) does not run and a system-dependent 
(and passive) recovery is used, you should install both high- 
and low-side access valves to recover the refrigerant from the 
system. Not only will the recovery be faster, but both service 
connections might be necessary to achieve the required 
recovery efficiency, which is to remove 80 percent of the total 
charge or achieve a vacuum of 4 inches of mercury. 

Leak Repairs 

When a refrigeration system is low on refrigerant (the evaporator coil ices up) 
or the system has excessive superheat, you should check for leaks. Although it 
isn’t mandatory to repair leaks in small appliances, it is highly recommended 
to do so whenever possible. Because the charge is so small, the tolerance for a 
leak is much less, and because the system is smaller, the odds of finding even 
a small leak is much better.  

 

Note 
After recovering refrigerant from a sealed system, if nitrogen 
is used to pressurize the system for leak checking or blow 
debris out of the system, you can vent the nitrogen to the 
ambient air. 

Storing the Refrigerant 

If your recovery machine has an internal storage tank or you recovered the 
refrigerant into a graduated charging cylinder and you don’t plan to return this 
refrigerant to the system, transfer the refrigerant into a DOT-approved 
refrigerant recovery cylinder. Never fill the recovery cylinder to more than 
80 percent of its capacity. You can determine the 80 percent fill level by using 
a mechanical float switch inside the cylinder, using an electronic shut-off 
device inside the cylinder, or weighing the cylinder on a scale.  

Before adding refrigerant to a recovery cylinder, you must check the pressure 
rating for the cylinder to see if it is compatible with the refrigerant you are 
planning to recover. For example, R-410A requires recovery tanks rated for at 
least 400 psig. All recovery cylinders must be DOT approved and have a 
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current hydrostatic test date stamped on them if they are to be used to contain 
a refrigerant with a pressure above 15 psig at room temperature.  

Disposing of Small Appliances 

You don’t need to be a certified technician to remove refrigerant from small 
appliances when preparing them for disposal. However, the equipment used 
to recover refrigerant from appliances before their final disposal must meet 
the same performance standards as refrigerant recovery equipment used 
for servicing.  

If you are involved in the final disposal of appliances, you must certify to 
your EPA Regional Office that you have obtained and are properly using 
EPA-certified refrigerant recovery equipment.  

Safety 

This section gives information to keep yourself safe and your equipment 
protected. The most important way to keep safe is to have the appropriate 
equipment for the task, know how to use the equipment correctly, know when 
you need to wear protective gear, and know which refrigerant you are 
recovering. Because different refrigerants have different pressures, you have 
to be sure you are using equipment designed to handle the type of refrigerant 
and the pressure of the refrigerant to be recovered.  

• When working with any compressed gas, you need a pair of protective 
eye goggles with vented side shields to keep the goggles from fogging 
up and to keep you cool.  

• If liquid refrigerant comes into contact with your skin, it can cause 
frostbite. Wear a pair of butyl-lined gloves and leather work boots to 
prevent frostbite when connecting and disconnecting hoses.  

• Be sure the recovery equipment you use is EPA approved and rated for 
the refrigerant you are working.  

• Be sure the manifold gauge set and service hoses are rated for the 
pressure of the refrigerant you are working with. 

• Never use a flame to heat any component containing refrigerant. At 
high temperatures (i.e., open flames, glowing metal surfaces), R-12 
and R-22 can decompose to form poisonous hydrochloric and 
hydrofluoric acids and phosgene gas.  

• When using nitrogen, only use nitrogen vapor and always use a 
pressure regulator with a relief valve inserted in the downstream 
line from the pressure regulator. Using pressurized nitrogen from a 
nitrogen cylinder without a pressure regulator is very dangerous 
because the pressure inside these cylinders is over 2,000 psig. 
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Putting this pressure inside a refrigeration system would cause the 
system to explode. 

• If there is a large release of any refrigerant in a contained area, you 
must either use a self-contained breathing apparatus (SCBA) or vacate 
and ventilate the spill area. The release of refrigerants in large 
quantities can cause suffocation because refrigerants are heavier than 
air and displace oxygen. Avoid low areas as you leave and ventilate 
closed spaces before you re-enter. 

• Never recover flammable refrigerants in any recovery or 
recycling machine that has not been expressly certified to be used 
for that refrigerant.  

• For flammable refrigerants, only use recovery cylinders that are 
specifically marked, including the red band on the shoulder or top 
of the container.  

• Never remove the at least one-inch-long red marking on the tube to 
indicate flammable refrigerant. If this marking is removed or 
shortened, you must replace it with a new red mark that is at least one-
inch long.  

• For a system charged with a flammable refrigerant, if a service port or 
access valve is installed after manufacture, the required red flammable 
marking must be applied at least one inch in both directions from the 
service port. If you are installing fittings, be sure they are designed 
specifically for flammable refrigerants. 

• When recovering flammable refrigerants, always ensure that the 
refrigeration system, recovery unit, and recovery cylinder are all 
properly grounded. 

 

Tip  
To use flammable refrigerants safety, minimize the presence of 
potential ignition sources. Also reduce the likelihood that the 
levels of these refrigerants will reach their lower flammability 
limits (LFLs). 
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Appendix 1: Conversion Factors 
Appendix Table 1 shows the formulas for conversion. 

Appendix Table 1. Conversion Formulas 

From To Formula 
PSIG PSIA Add 14.7 to the PSIG reading 
PSIA PSIG Subtract 14.7 to the PSIA 

reading 
Inches of 
Mercury 

Millimeters of 
Mercury Absolute 

Multiply the Inches of 
Mercury by 25.4 and 
Subtract the result from 760 

Millimeters of 
Mercury Absolute 

Inches of 
Mercury 

Subtract the vacuum in 
mmHg Absolute from 760 and 
Divide by result by 25.4 

 

The following table shows examples for converting vacuum units. 

Appendix Table 2. Examples of the Conversion of Vacuum Units 

PSIA 
Reading 

Reading in 
Inches of 
Mercury  
(in. Hg) 

Reading in Millimeters of 
Mercury Absolute  
(mmHg Absolute) Microns 

14.7 PSIA 0 "Hg 760 mmHg Absolute 760,000 microns 

12.2 PSIA 5 "Hg 633 mmHg Absolute 633,000 microns 

9.8 PSIA 10 "Hg 506 mmHg Absolute 506,000 microns 

7.3 PSIA 15 "Hg 379 mmHg Absolute 379,000 microns 

 4.8 PSIA 20 "Hg 252 mmHg Absolute 252,000 microns 

 2.4 PSIA 25 "Hg 125 mmHg Absolute 125,000 microns 

 0.5 PSIA 28.9 "Hg  25 mmHg Absolute 25,000 microns 

 0.0 PSIA 29.9 "Hg 0 mmHg Absolute 0 microns 
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Appendix 2: Additional HVAC/R 
Certifications  

This section describes additional training offered by Mainstream. However, 
all of these additional training programs require knowledge of the methods 
and procedures described in Mainstream’s EPA Section 608 Training 
Program. This additional training is not intended to teach installation, 
troubleshooting, or repair of air conditioning or refrigeration systems.  

Before obtaining any of Mainstream’s additional certifications (with the 
exception of Section 609 training), the technician must have an EPA 608 
certification from an EPA-approved certifying agency such as Mainstream. 

HC/HFO Certification 

Although, EPA certification isn’t necessary for working with hydrocarbon 
(HC) or hydrofluoroolefin (HFO) refrigerants, Mainstream’s HC/HFO 
certification covers the techniques and regulations for the safe handling of 
flammable hydrocarbon and hydrofluoroolefin refrigerants. Mainstream’s 
HC/HFO Certification Manual is free to read at www.epatest.com/hc-hfo/. 

R-410A Certification 

EPA certification also isn’t necessary for working with R-410A. Mainstream’s 
Section 608 training includes training for all refrigerants including R-410A. 
However, because of the higher-pressure nature of R-410A, most 
manufacturers agree that additional specific R-410A training is a wise choice.  

Toward this goal, Mainstream developed an R-410A training program for 
certified EPA Section 608 technicians. Mainstream’s R-410A Certification 
Manual is free to read at www.epatest.com/R410A/. 

Green Certification 

Mainstream’s Green Certification adds relevant new tools to your professional 
skills. This certification provides the fundamentals behind current energy-
saving equipment options, energy auditing, effects of building infrastructure 
on efficiency, and energy-saving preventive maintenance. 

Green Certification is not an EPA required certification. It is, however, becoming 
one of the most important concerns for building owners, home owners, and 
industry professionals in the United States. Becoming Green HVAC/R certified 
demonstrates to customers, peers, and potential employers that you are aware of 
and possess a basic understanding of the principles behind energy conservation 
and how it relates to the heating and cooling industry. 
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Mainstream’s Green HVAC/R Certification Manual is free to read at 
www.epatest.com/Green/. 

EPA Section 609 MVAC 

EPA-approved Section 609 Certification is needed to service motor vehicle air 
conditioners and to purchase refrigerant in large containers at automotive 
supply houses. Mainstream’s EPA Section 609 Certification Manual is free to 
read at www.epatest.com/609/. 

Preventive Maintenance and Indoor Air Quality Technicians 

Preventive maintenance and indoor air quality are fields of service that are 
quickly becoming imperative to the HVAC/R industry. This section describes 
these certifications. 

Before obtaining any of Mainstream’s preventive maintenance technician (PM 
Tech) or indoor air quality (IAQ) certifications, you must have an EPA 608 
certification from an EPA-approved certifying agency such as Mainstream.  

Only 608-certified technicians can obtain a PM Tech or IAQ Certification. 

Preventive Maintenance Technician 

Mainstream’s PM Tech certification is free and covers all aspects of acid 
and moisture detection, acid removal, water removal, compressor 
maintenance, coil maintenance, proper refrigeration charging techniques, 
advanced diagnosis, and leak testing procedures. The exam consists of 
25 questions related to preventive maintenance and proper use of 
QwikProducts to service, repair, and maintain air conditioning, refrigeration, 
and heat pump systems.  

Indoor Air Quality Technician 

Mainstream also offers IAQ certification for 608-certified technicians online 
in a format similar to the PM Tech certification. IAQ certification covers 
ventilation, mold detection/prevention/remediation, radon detection, air 
filtration, biological contamination, duct cleaning, humidity control, water 
damage remediation, and more.  

Levels of PM Tech or IAQ Certification 

The three levels of PM Tech or IAQ certification are described in this section. 

Apprentice Certification 
Apprentice Certification requires EPA 608 certification from Mainstream or 
another EPA-approved testing organization. You must successfully complete 
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the online exam with a score of 84% or better. If you received EPA 
certification by any organization other than Mainstream, you must send valid 
documentation to Mainstream. For Mainstream 608 Certified Technicians, 
Mainstream automatically verifies your 608 certification. 
 
Journeyman Certification 
Journeyman Certification includes all the requirements of the apprentice plus 
at least 5 years of verifiable experience in the HVAC/R trades. Documentation 
to substantiate this experience is required.  

Master Certification 
Master Certification includes all the requirements of the apprentice plus at 
least 10 years of verifiable experience in the HVAC/R trades. Documentation 
to substantiate this experience is required.  

Additional Information 

Training 
More information about all of Mainstream’s QwikProduct Certifications and 
Training is available at www.EPATest.com. Our training is focused on 
improving your skills, improving your technical image, keeping you in 
compliance, and keeping you safe. 

QwikProducts 
Mainstream is a thermal control and energy conversion R&D-based 
manufacturer that focuses on transitioning its advanced U.S. military 
technology into high-quality and cost-effective products, QwikProducts, 
which are all made in the USA. We are engineers and service technicians who 
are deeply involved in the HVAC/R trade, and all our QwikProducts are 
designed to save you time and money. 

Required Recordkeeping 
The EPA has imposed significant and time-consuming recordkeeping 
requirement on HVAC/R professionals. These requirements have been 
outlined in this manual.  

To ease the burden on HVAC/R service providers, the QwikProducts team 
offers a secure cloud-based free recordkeeping service that complies with all 
the EPA requirements. For security reasons, our secure password-protected 
HVAC/R QwikProducts community is only open to 608-certified HVAC/R 
service contractors. Further details about the community are available at 
www.qwik.com. 
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Acronyms and Definitions 
AHRI—Air Conditioning, Heating, and Refrigeration Institute. Professional 
organization that maintains technical standards, certifies products, shares data, 
and conducts research. 

AKB—Alkylbenzene. A synthetic refrigeration lubricant that better thermal 
stability compared to traditional mineral oil. They can be used in systems 
designed for CFCs and HCFCs. 

Appliance—Device that contains and uses a refrigerant for household or 
commercial purposes, including any air conditioner, refrigerator, chiller, or 
freezer. EPA interprets this definition to include all air conditioning and 
refrigeration equipment except units designed and used exclusively for 
military purposes. 

ASHRAE—American Society of Heating, Refrigerating and Air Conditioning 
Engineers. Publishes technical standards to improve the HVAC/R field. 

Asphyxia—Displacement of the oxygen in a room by the denser refrigerant.  

Azeotrope—Blend of two or more components whose equilibrium vapor 
phase and liquid phase compositions are the same at a given pressure. These 
refrigerants are given a 500-series ASHRAE designation and behave like a 
single refrigerant. They can be charged as a liquid or vapor. 

Bubble point—Temperature at which the non-azeotropic blend first begins to 
evaporate (boil). 

Capillary tube—Passive throttling device comprised of a very small diameter 
long tube located upstream of the evaporator that drops the pressure in the 
system, causing refrigerant to flash into a two-phase mixture. The capillary 
tube doesn’t actively control the pressure drop to maintain a prescribed 
superheat at the exit of the evaporator. 

CFC—Chlorofluorocarbon. A family of refrigerants containing the 
elements chlorine, fluorine, and carbon. CFCs have characteristics that 
make them more likely to reach the stratosphere than most other 
compounds containing chlorine. Refrigerants that contain chlorine but not 
hydrogen are so stable that they don’t breakdown in the lower atmosphere 
after being released.  

cfm—cubic feet per minute. Unit of measure, often used for the volumetric 
capacity of vacuum pumps. 

Chiller—Vapor compression system that cools or chills water rather than 
directly cooling the air in the building. This chilled water is then pumped to 
fan coil units (water-to-air heat exchangers with a fan) that condition the air in 
the appropriate sections of the building. 
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Class I refrigerant—Refrigerants that have an ozone depletion potential 
greater than 0.2. All chlorofluorocarbons (CFCs) are Class I refrigerants.  

Class II refrigerant—Class II refrigerants are refrigerants that have an ozone 
depletion potential less than 0.2 and consist of all hydrochlorofluorocarbons 
(HCFCs). HCFCs were developed as transitional substitutes for Class I 
substances and are subject to a later phase-out schedule than Class I 
substances. Although there are currently 34 controlled HCFCs, only a few are 
commonly used. The most widely used have been HCFC-22, HCFC-141b (a 
solvent and foam-blowing agent), and HCFC-142b (a foam-blowing agent and 
component in refrigerant blends).  

ClO—Chlorine monoxide. 

Comfort cooling equipment—Any AC equipment used to control 
temperature and/or humidity in occupied facilities including, but not limited 
to, residential, office, and commercial buildings. Generally, chillers are 
considered comfort cooling appliances. 

Commercial refrigeration—Refrigeration appliances used in retail food 
and cold storage warehouse sectors. “Retail food” includes the 
refrigeration equipment found in supermarkets, convenience stores, 
restaurants, and other food service establishments. “Cold storage” includes 
the equipment used to store meat, produce, dairy products, and other 
perishable goods. This type of equipment contains large refrigerant 
charges, typically more than 75 pounds. 

Compound—Substance formed by a union of two or more elements in a 
definite proportion by weight. 

Compressor—Refrigeration system component that changes a low-pressure 
vapor to a high-pressure vapor. The common types of hermetic compressors 
are reciprocating, rotary, and scroll compressors. Larger types of compressors 
include centrifugal and screw compressors. 

Condenser—Refrigeration system component that changes a high-pressure 
vapor to a high-pressure liquid by rejecting heat from the refrigerant causing 
the refrigerant to condense. 

Dehydrate—To remove water from the system.  

Deep vacuum —Evacuation of a system down to a low vacuum, typically 
below 500 microns, with the goal of removing non-condensable gases as well 
as evaporating and removing water from the system. 

Dew point—Temperature at which the non-azeotropic blend first begins to 
condense. 
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Disposal—Process leading to and including any of the following: 

• The discharging, depositing, dumping, or placing of any discarded 
appliance into or on any land or water. 

• The disassembly of any appliance for discharging, depositing, 
dumping, or placing of its discarded component parts into or on any 
land or water. 

• The disassembly of any appliance for reuse of its component parts. 
Electronic vacuum gauge or micron gauge—Electronic vacuum gauge that 
displays the vacuum level directly in microns and is the only accurate field 
method to determine the evacuation level of a deep vacuum.  

EPA—Environmental Protection Agency. Government agency formed in 
1970 with the primary role of carrying out the laws of the Clean Air Act.  

EPDM—Ethylene propylene diene monomer. Rubber-like material not 
compatible in HC or HFO refrigerant systems.  

ERG—Emergency response guidebook. Book produced by the Department of 
Transportation for first responders to accidents involving dangerous or 
hazardous materials. 

Evacuation—Process of extracting any air, non-condensable gases, or water 
from the system and thereby reducing the pressure to some value below 0 psig. 

Evaporator—Refrigeration system component that changes (boils) the low-
pressure two-phase mixture of liquid and vapor refrigerant into an all-vapor 
stream of refrigerant, drawing heat into the refrigerant (thus providing 
cooling) during the evaporation. 

EXV—Electronic expansion valve. Throttling device located upstream of the 
evaporator that actively controls the pressure drop (via electrical feedback 
from a temperature sensor) to maintain a prescribed superheat at the exit of 
the evaporator. 

Exempt refrigerants—Refrigerant that has a 0 ozone depletion potential (0 
ODP) and a global warming potential (GWP) equal to or lower than carbon 
dioxide that is a GWP of 1 or less. Some exempt refrigerants include carbon 
dioxide, hydrocarbon refrigerants, nitrogen, or water. Ammonia which is used 
in commercial or industrial process refrigeration or in absorption units is also 
exempt because it isn’t used in a vapor compression application. 

Fractionation—Separation of a liquid mixture into separate parts by the 
preferential evaporation of the more volatile component. 

GWP—Global warming potential. Measure of how much energy the 
emissions of 1 ton of a gas will absorb over a given period of time, relative to 
the emissions of 1 ton of carbon dioxide (CO2). The GWP was developed to 
allow comparisons of the global warming impacts of different gases. The 
GWP of carbon dioxide is 1. 
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Halocarbon—Halogenated hydrocarbon containing one or more of the 
three halogens: fluorine, chlorine, and bromine. Hydrogen might or might not 
be present. 

Heat pump—Vapor-compression cooling system with a reversing valve so 
that the system can provide interior cooling during hot ambient temperature 
and interior heating during cold ambient temperatures. 

High-pressure appliance—Appliance that uses a refrigerant with a liquid 
phase saturation pressure between 170 psia and 355 psia at 104 °F. This 
definition includes but isn’t limited to appliances using the high-pressure 
refrigerants R-22, R-401A, R-409A, R-401B, R-411A, R-22, R-411B, R-502, 
R-402B, R-408A, R-410A, and R-402A. 

HC—Hydrocarbon. Compound containing only the elements hydrogen and 
carbon. HC refrigerants are natural, nontoxic exempt refrigerants that have no 
ozone depleting properties and absolutely minimal global warming potential. 
However, they are all highly flammable. They are listed by the American 
Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) 
as safety group A3, meaning they have low toxicity(A) and are highly 
flammable (3). 

HCFC—Hydrochlorofluorocarbon. A family of refrigerants containing 
hydrogen, chlorine, fluorine, and carbon. Because the hydrogen reduces the 
stability of the compound, these refrigerants have an increased deterioration 
potential before reaching the stratosphere, which means HCFCs have a low 
ODP, but their ODP isn’t zero.  

HFC—Hydrofluorocarbon. A family of refrigerants containing hydrogen, 
fluorine, and carbon, but no chlorine. HFC refrigerants won’t damage 
stratospheric ozone they all have an ODP of zero. However, they have very 
high GWPs, typically in the thousands. 

HFO—Hydrofluoroolefin. A family of refrigerants containing hydrogen, 
fluorine, and carbon, but more reactive than HFCs because of the reactivity of 
the carbon–carbon bond. This increased reactivity means they have GWPs that 
are lower and have shorter atmospheric lifetimes. HFOs are being promoted by 
the EPA as the next generation of refrigerants because of their environmental 
friendliness, although they aren’t as green as the HC refrigerants. Most HFOs are 
flammable, but they are less flammable than HC refrigerants. 

HVAC—Heating, ventilation, and air conditioning. 

Hygroscopic—Affinity for water; hygroscopic oils are oils that readily 
absorb moisture. 

Industrial process refrigeration—Complex customized appliances used in 
the chemical, pharmaceutical, and petrochemical industries and in 
manufacturing. This sector includes industrial ice machines and ice rinks. 
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Isomer—One of a group of substances having the same combination of 
elements but arranged spatially in different ways. 

King valve—Combination shut-off and service valve typically used on the 
inlet and outlet of a compressor, and on the inlet and outlet of packaged 
condensing units. 

Leak rate—EPA approved method to determine the rate at which an 
appliance is losing refrigerant, based on extrapolating the measured leak over 
the next 12 months. The leak rate is expressed in terms of the percentage of 
the full (nameplate) charge of the appliance that would be lost in the next 12 
months if the current rate of loss were to continue over that period. The rate is 
calculated using the following formula: 

 
D = the shorter of the number of days since  

refrigerant was last added or 365 days 

LFL—Lower flammability limit, which is the minimum concentration in air 
at which flame propagation occurs. 

Line set—Piping used to connect the outdoor unit (typically referred to as the 
condensing unit) to the indoor unit (sometimes referred to as the fan coil unit). 
The line set consists of two lines; the smaller, high-pressure liquid refrigerant 
line (which brings condensed refrigerant to the evaporator) and the larger, 
insulated low-pressure line (which brings cooler evaporated refrigerant vapor 
back to the compressor). 

Low-loss fitting—Device that is intended to establish a connection between 
hoses, appliances, or recovery/recycling machines, and is designed to close 
automatically or to be closed manually when disconnected to minimize the 
release of refrigerant from hoses, appliances, and recovery or recycling machines. 

Low-pressure appliance—Appliance that uses a refrigerant with a liquid phase 
saturation pressure below 45 psia at 104 °F. This definition includes but isn’t 
limited to appliances using low-pressure refrigerants R-11, R-123, and R-113. 

Major maintenance, service, or repair—Service or repair that involves 
removal of the compressor, condenser, evaporator, or auxiliary heat 
exchanger coil. 

Medium-pressure appliance—Appliance that uses a refrigerant with a liquid 
phase saturation pressure between 45 psia and 170 psia at 104 °F. This 
definition includes but isn’t limited to appliances using R-114, R-124, R-12, 
R-401C, R-406A, and R-500. 

Micron—One thousandth (1/1,000) of a millimeter of mercury vacuum.  
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Mixture—Blend of two or more components that don’t have a fixed 
proportion to one another and that no matter how well blended, they still 
retain a separate existence (oil and water, for example).  

Motor vehicle air conditioner (MVAC)—Mechanical vapor compression 
appliance used to cool the driver or passenger compartment of a motor vehicle 
that isn’t using a high-pressure refrigerant (such as R-22, R-407C or R-410A) 
and has a refrigerant charge of less than 20 pounds. Section 609 certification 
is required for working on MVAC systems while either Section 608 Type II or 
Section 609 certification is required for MVAC-like A/C systems (e.g., farm 
equipment and other non-roads vehicles). This definition excludes any 
appliance that uses a high-pressure refrigerant, except carbon dioxide. 
Although carbon dioxide is also a high- pressure refrigerant, it is an exempt 
refrigerant, making it exempt from any certification requirements. 

MVAC-like appliance—Mechanical vapor compression appliance used to 
cool the driver or passenger compartment of a non-road vehicle (including 
agricultural and construction vehicles) that isn’t using a high-pressure 
refrigerant (such as R-22, R-407C or R-410A) and has a refrigerant charge of 
less than 20 pounds. Either Section 608 Type II or Section 609 certification is 
required for MVAC-like systems. This definition excludes any appliance that 
uses a high-pressure refrigerant, except carbon dioxide. Although carbon 
dioxide is also a high- pressure refrigerant, it is an exempt refrigerant, making 
it exempt from any certification requirements. 

A key difference between MVAC and MVAC-like appliances is that persons 
who service MVACs are subject to the Section 609 equipment and technician 
certification requirements only if they perform “service for consideration,” while 
persons who service MVAC-like appliances are subject to the equipment and 
technician certification requirements set forth in the Section 608 and 609 
regulations regardless of whether they are compensated for their work. 

Another difference is that persons servicing MVAC-like appliances have the 
option of becoming certified as Section 608 Type II technicians instead of 
becoming certified as Section 609 MVAC technicians under subpart B. Persons 
servicing MVACs don’t have this choice. They must be certified as Section 609 
MVAC technicians if they perform the AC service for compensation. 

NASA—National Aeronautics and Space Administration 

Non-azeotropic refrigerant—Synonym for zeotropic, which is the preferred 
term although less commonly used as a descriptor. See zeotropic.  

Non-condensable gas—Gas that won’t condense anywhere in the vapor 
compression system and typically accumulate in the condenser.  

Normal charge—Quantity of refrigerant within the appliance or appliance 
component when the appliance is operating with a full charge of refrigerant. 
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O2—Oxygen. 

O3—Ozone. 

ODP—Ozone depleting potential. Relative amount of degradation to the ozone 
layer that a refrigerant can cause. 

ODS—Ozone depleting substance. Any substance that depletes the ozone layer. 

Opening an appliance—Service, maintenance, or repair on an appliance that 
could be reasonably expected to release refrigerant from the appliance to the 
atmosphere unless the refrigerant was previously recovered from the appliance. 

Orifice plate—Passive throttling device, comprised of a small opening 
located upstream of the evaporator that drops the pressure in the system, 
causing refrigerant to flash into a two-phase mixture. The orifice plate doesn’t 
actively control the pressure drop to maintain a prescribed superheat at the 
exit of the evaporator. 

PAG—Polyalkylene glycol oil. Type of synthetic oil primarily used in 
automotive air conditioning systems.  

PEL—Permissible exposure limit. Maximum amount or concentration of a 
refrigerant that a worker can be exposed to under OSHA regulations. 

Person—Individual or legal entity, including an individual corporation, 
partnership, association, state, municipality, political subdivision of a state, 
Indian tribe, and any agency, department, or instrumentality of the United 
States and any officer, agent, or employee thereof. 

POE—Polyolester oil. Also referred to as ester oil, a synthetic lubricant 
commonly used with HFC refrigerants and HFC blends.  

ppm—parts per million. Unit of measure. 

Process stub—Length of tubing that provides access to the refrigerant inside 
a small appliance or room air conditioner that can be resealed at the end of 
repair or service. 

PSIA—Absolute pressure in pounds per square inch, where 0 PSIA 
corresponds to 29.9 inches of mercury vacuum, and 14.7 PSIA corresponds to 
0 PSIG (pounds per square inch gauge). 

PSIG—Gauge pressure in pounds per square inch, where 0 PSIG corresponds 
to atmospheric pressure (14.7 PSIA). A positive PSIG value indicates the 
pressure in pounds per square inch above the ambient pressure. 

PTAC—Packaged terminal air conditioner. 

PVE—Polyvinyl ether oil. Oil commonly used in newer MVAC systems. 
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Reclamation—To reprocess refrigerant to new product specifications or at 
least to the purity specified in the AHRI Standard 700, Specifications for 
Fluorocarbon Refrigerants, and to verify this purity using the analytical test 
procedures described in the standard. 

Recovery—To remove refrigerant in any condition from an appliance and to 
store it in an external container without necessarily testing or processing it in 
any way. 

Recovery efficiency—Percentage of refrigerant in an appliance that is 
recovered by recycling or recovery equipment. 

Recovery vacuum—Used to recover refrigerant in the system and prevent its 
escape into the atmosphere. This evacuation, which uses an EPA-approved 
recovery or recycling machine, is performed on a charged refrigeration system 
before the system is opened for repair. Like any other vacuum, it is never used to 
determine if the system has any leaks. Before performing a recovery evacuation, 
the EPA required evacuation level must be determined based on the quantity and 
type of charge. If the system has a leak, you only need to recover to atmospheric 
pressure to avoid ingesting air into the recovered refrigerant. 

Recycling—To extract refrigerant from an appliance and to clean refrigerant 
for reuse without meeting all of the requirements for reclamation. In general, 
recycled refrigerant is refrigerant that is cleaned using oil separation and 
single or multiple passes through devices such as replaceable core filter driers, 
which reduce moisture, acidity, and particulate matter. 

Refrigerant—Any class I or class II substance used for heat transfer purposes, 
or any substance used as a substitute for such substances by any user in a 
given end-use, except for the following substitutes in the following end-uses:  

• Ammonia in commercial or industrial process refrigeration or in 
absorption units  

• Chlorine in industrial process refrigeration (processing of chlorine and 
chlorine compounds)  

• Carbon dioxide in any application  

• Nitrogen in any application 

• Water in any application  

Refrigerant equipment—Equipment used for providing refrigeration, 
freezing, or cooling. 

Refrigerant migration—Movement of refrigerant to the coldest part of the 
system when an operating system is shut down. 

SCBA—Self-contained breathing apparatus. 



 

Definitions    139 

SDS—Safety data sheet. Provides important information on the 
physical/chemical characteristics and first aid procedures for solvents, 
chemicals, and refrigerants. 

Self-contained recovery—Recovery or recycling equipment that is capable of 
removing refrigerant from an appliance without the assistance of components 
contained in the appliance. 

Small appliance—Any refrigerating or cooling appliance that is unitary, fully 
manufactured, charged, and hermetically sealed in a factory with five pounds 
or less of refrigerant. This includes but isn’t limited to: refrigerators and 
freezers designed for home use, room air conditioners (including window air 
conditioners and packaged terminal air conditioners), packaged terminal heat 
pumps, dehumidifiers, under-the-counter ice makers, vending machines, and 
drinking water coolers. 

SNAP—Significant New Alternatives Policy. EPA’s program to evaluate and 
regulate the safety of substitutes for the ozone-depleting chemicals that are 
being phased out under the stratospheric ozone protection provisions of the 
Clean Air Act.  

Subcooling temperature—Number of degrees the refrigerant is cooled to 
below the saturation temperature (at the same pressure).  

Substitute—Chemical or product substitute, whether existing or new, used by 
any person as a replacement for a class I or II compound in a given end-use. 

Superheat—Number of degrees the vapor is heated above the saturation 
temperature (at the same pressure).  

System-dependent recovery—Recovery that requires the assistance of 
components contained in an appliance to remove the refrigerant from 
the appliance. 

Technician—Person who performs maintenance, service, or repair that could 
reasonably be expected to release refrigerant into the atmosphere, including 
but not limited to installers, contractor employees, in-house service personnel, 
and, in some cases, owners. Technician also means any person disposing of 
appliances except for small appliances. 

Temperature glide—Difference between the dew point and the bubble point 
temperatures. 

Throttling device—Refrigeration system component that drops the pressure 
to lower the saturation temperature and allows the refrigerant to evaporate or 
boil in the evaporator, drawing heat into the refrigerant. Also called an 
expansion device or throttling valve. 

TOMS—Total-ozone monitoring station. 
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Triple evacuation—Evacuation method where the system is evacuated 
(pulled-down) initially to a vacuum of at least 500 to 2,000 microns. Then a 
small amount of dry nitrogen is introduced into the system to raise the 
pressure to above ambient pressure (typically to about 15 psig). The purpose 
of the nitrogen is to absorb moisture from the system. The nitrogen is then 
purged (vented) and the system re-evacuated. Recovery of the nitrogen isn’t 
required. This process is repeated additional times with the final evacuation 
down to at least 500 microns.  

TXV—Thermal expansion valve. Throttling device (metering valve) located 
upstream of the evaporator that actively controls the pressure drop (via the 
effect of the pressure developed in a sensing bulb acting on the metering 
valve) to maintain a prescribed superheat at the exit of the evaporator. 

UFL—Upper flammability limit. Maximum concentration in air at which 
flame propagation occurs. At flammable refrigerant concentrations above the 
UFL, there is insufficient oxygen in the air to propagate the flame. 

UV-B—Harmful ultraviolet rays from the sun. 

Vacuum pump—Device used to pump the air, moisture, and other non-
condensables out of a system and evacuate the system. The extraction of the 
air and non-condensables lowers the pressure inside of the system (below 
atmospheric pressure), which causes any trapped liquid water to evaporate and 
be exhausted by the vacuum pump. Single-stage and two-stage vacuum pumps 
are commonly used in the HVAC/R industry. A two-stage vacuum pump is 
necessary to pull the deep vacuums (below 500 microns), which are necessary 
for the proper evacuation and removal of water in systems. Both the single-
stage and two-stage vacuum pumps are rated by their volumetric capacity, 
typically expressed in cubic feet per minute (cfm). Three to six cfm pumps are 
typically used in residential applications.  

Very high-pressure appliance—Appliance that uses a refrigerant with a 
critical temperature below 104 °F or with a liquid phase saturation pressure 
above 355 psia at 104 °F. This definition includes but isn’t limited to 
appliances using R-13, R-23 or R-503.  

Zeotropic—Also referred to as Non-Azeotropic. Refrigerant blends 
comprising multiple components of different volatilities that, when used in 
refrigeration cycles, change volumetric composition and saturation 
temperatures (exhibit temperature glide) as they evaporate (boil) or condense 
at constant pressure. These refrigerants are given a 400-series ASHRAE 
designation.

 


