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DISCLAIMER

This publication is designed to provide accurate and authoritative information. It is not to
be construed as the rendering of any professional advice, counsel or services. The
information contained herein is based on technical data and tests provided and/or
conducted by others believed to be reliable and is intended for use by persons having
the necessary technical skill and equipment, at their own discretion and risk.

National Refrigerants’ programs and publications are designed solely to help customers
maintain their professional competence. In dealing with specific technical matters,
customers using National Refrigerants’ publications or orally conveyed information
should also refer to the original sources of authority. THE MANUFACTURER’S
RECOMMENDATIONS SHOULD ALWAYS BE FOLLOWED TO ASSURE OPTIMUM
PERFORMANCE AND SAFETY.

Since conditions of use are outside of National Refrigerant’s control, we can assume no
liability for results obtained or any damages incurred through the use or application of
the data presented. The language contained herein is not contractual in nature. By a
separate document, National Refrigerants, Inc. will enter into a written contract with
interested parties, which contract will be specifically limited to its own terms and
conditions.

National Refrigerants, Inc.

Refrigerant Reference Guide Fourth Edition
(4.02)

Copyright© 2006 by NRI™
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NRI Product Part Numbers

PART NO.
100R11
200R11
650R11
1100R11
2200R11

012R12
30R12
30R12RT
50R12
145RR12
1000R12
2000R12

5R13
9R13
23R13
80R13

5R13B1

10R13B1
28R13B1
90R13B1

15R22
30R22
30R22RT
50R22
125R22
1000R22
1750R22

5R23
9R23
20R23
70R23

100R113
200R113
690R113

30R114
150R114

90R116

100CR123
200CR123
100R123
200R123
650R123

REFRIGERANTS

DESCRIPTION

100 LB. DRUM OF REFRIGERANT 11

200 LB. DRUM OF REFRIGERANT 11

650 LB. DRUM OF REFRIGERANT 11

1100 LB. CYLINDER OF REFRIGERANT 11 RETURNABLE/DEPOSIT
2200 LB. CYLINDER OF REFRIGERANT 11 RETURNABLE/DEPOSIT

12 OZ CAN OF REFRIGERANT 12

30 LB. CYLINDER OF REFRIGERANT 12

30 LB. CYLINDER OF REFRIGERANT 12 RETURNABLE/DEPOSIT
50 LB. CYLINDER OF REFRIGERANT 12

30 LB. CYLINDER OF REFRIGERANT 12 RETURNABLE/DEPOSIT
30 LB. CYLINDER OF REFRIGERANT 12 RETURNABLE/DEPOSIT
30 LB. CYLINDER OF REFRIGERANT 12 RETURNABLE/DEPOSIT

5 LB. CYLINDER OF REFRIGERANT 13

9 LB. CYLINDER OF REFRIGERANT 13 RETURNABLE/DEPOSIT
23 LB. CYLINDER OF REFRIGERANT 13 RETURNABLE/DEPOSIT
80 LB. CYLINDER OF REFRIGERANT 13 RETURNABLE/DEPOSIT

5LB. CYLINDER OF REFRIGERANT 13B1

10 LB. CYLINDER OF REFRIGERANT 13B1 RETURNABLE/DEPOSIT
28 LB. CYLINDER OF REFRIGERANT 13B1 RETURNABLE/DEPOSIT
90 LB. CYLINDER OF REFRIGERANT 13B1 RETURNABLE/DEPOSIT

15 LB. CYLINDER OF REFRIGERANT 22

30 LB. CYLINDER OF REFRIGERANT 22

30 LB. CYLINDER OF REFRIGERANT 22 RETURNABLE/DEPOSIT
50 LB. CYLINDER OF REFRIGERANT 22

125 LB. CYLINDER OF REFRIGERANT 22 RETURNABLE/DEPOSIT
1000 LB. CYLINDER OF REFRIGERANT 22 RETURNABLE/DEPOSIT
1750 LB. CYLINDER OF REFRIGERANT 22 RETURNABLE/DEPOSIT

5 LB. CYLINDER OF REFRIGERANT 23

9 LB. CYLINDER OF REFRIGERANT 23 RETURNABLE/DEPOSIT
20 LB. CYLINDER OF REFRIGERANT 23 RETURNABLE/DEPOSIT
70 LB. CYLINDER OF REFRIGERANT 23 RETURNABLE/DEPOSIT

100 LB. DRUM OF REFRIGERANT 113
100 LB. DRUM OF REFRIGERANT 113
100 LB. DRUM OF REFRIGERANT 113

30 LB. CYLINDER OF REFRIGERANT 114
150 LB. CYLINDER OF REFRIGERANT 114 RETURNABLE/DEPOSIT

90 LB. CYLINDER OF REFRIGERANT 116 RETURNABLE/DEPOSIT

100 LB. CYLINDER OF REFRIGERANT 123 RETURNABLE/DEPOSIT
200 LB. CYLINDER OF REFRIGERANT 123 RETURNABLE/DEPOSIT
100 LB. DRUM OF REFRIGERANT 123
200 LB. DRUM OF REFRIGERANT 123
650 LB. DRUM OF REFRIGERANT 123
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NRI Product Part Numbers

PART NO.
30R124
30R124RT
125R124
2000R124

012R134a
30R134a
30R134aRT
A30R134a
125R134a
875R134a
1750R134a

30R401A
125R401A
1700R401A

27R402A
110R402A

13R402B

30R403B
100R403B
875R403B
1750R403B

24R404A
100R404A
1300R404A

25R407C
115R407C

24R408A
1000R408A

30R409A
125R409A

25R410A
100R410A
1450R410A
25R414B

30R416A
125R416A

25R417A
110R417A

24R422A
100R422A

REFRIGERANTS

DESCRIPTION

30 LB. CYLINDER OF REFRIGERANT 124

30 LB. CYLINDER OF REFRIGERANT 124 RETURNABLE/DEPOSIT
125 LB. CYLINDER OF REFRIGERANT 124 RETURNABLE/DEPOSIT
2000 LB. CYLINDER OF REFRIGERANT 124 RETURNABLE/DEPOSIT

12 OZ CAN OF REFRIGERANT 134a

30 LB. CYLINDER OF REFRIGERANT 134a

30 LB. CYLINDER OF REFRIGERANT 134a RETURNABLE/DEPOSIT
30 LB. CYLINDER OF REFRIGERANT 134a AUTOMOTIVE VALVE

125 LB. CYLINDER OF REFRIGERANT 134a RETURNABLE/DEPOSIT
850 LB. CYLINDER OF REFRIGERANT 134a RETURNABLE/DEPOSIT
1750 LB. CYLINDER OF REFRIGERANT 134a RETURNABLE/DEPOSIT

30 LB. CYLINDER OF REFRIGERANT 401A
125 LB. CYLINDER OF REFRIGERANT 401A RETURNABLE/DEPOSIT
1700 LB. CYLINDER OF REFRIGERANT 401A RETURNABLE/DEPOSIT

30 LB. CYLINDER OF REFRIGERANT 402A
150 LB. CYLINDER OF REFRIGERANT 402A RETURNABLE/DEPOSIT

30 LB. CYLINDER OF REFRIGERANT 402B

30 LB. CYLINDER OF REFRIGERANT 403B

100 LB. CYLINDER OF REFRIGERANT 403B RETURNABLE/DEPOSIT
875 LB. CYLINDER OF REFRIGERANT 403B RETURNABLE/DEPOSIT
1750 LB. CYLINDER OF REFRIGERANT 403B RETURNABLE/DEPOSIT

24 | B. CYLINDER OF REFRIGERANT 404A
100 LB. CYLINDER OF REFRIGERANT 404A RETURNABLE/DEPOSIT
1300 LB. CYLINDER OF REFRIGERANT 404A RETURNABLE/DEPOSIT

25 LB. CYLINDER OF REFRIGERANT 407C
115 LB. CYLINDER OF REFRIGERANT 407C RETURNABLE/DEPOSIT

24 LB. CYLINDER OF REFRIGERANT 408A
1000 LB. CYLINDER OF REFRIGERANT 408A RETURNABLE/DEPOSIT

30 LB. CYLINDER OF REFRIGERANT 409A
125 LB. CYLINDER OF REFRIGERANT 409A RETURNABLE/DEPOSIT

251 B. CYLINDER OF REFRIGERANT 410A

100 LB. CYLINDER OF REFRIGERANT 410A RETURNABLE/DEPOSIT
1450 LB. CYLINDER OF REFRIGERANT 410A RETURNABLE/DEPOSIT
25 LB. CYLINDER OF REFRIGERANT 414B

30 LB. CYLINDER OF REFRIGERANT 416A
125 LB. CYLINDER OF REFRIGERANT 416A RETURNABLE/DEPOSIT

251 B. CYLINDER OF REFRIGERANT 417A
125 LB. CYLINDER OF REFRIGERANT 417A RETURNABLE/DEPOSIT

24 LB. CYLINDER OF REFRIGERANT 422A
100 LB. CYLINDER OF REFRIGERANT 422A RETURNABLE/DEPOSIT
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NRI Product Part Numbers

PART NO.
30R500
50R500
125R500
875R500
1750R500

30R502
30R502RT
50R502
125R502
875R502
1750R502

5R503
9R503
20R503
80R503

25R507
100R507
1400R507

5R508B

10R508B
20R508B
70R508B

3R170
004R170
004R1150
016R600
016R600a
014R290

016PENTANE

PART NO.
DC30
75RC30
75RC40
75RC50
100RC50F
125RC125
RC1000
RC2800
130RC9
150RC23
200RC80

REFRIGERANTS

DESCRIPTION

30 LB. CYLINDER OF REFRIGERANT 500

50 LB. CYLINDER OF REFRIGERANT 500

125 LB. CYLINDER OF REFRIGERANT 500 RETURNABLE/DEPOSIT
825 LB. CYLINDER OF REFRIGERANT 500 RETURNABLE/DEPOSIT
1750 LB. CYLINDER OF REFRIGERANT 500 RETURNABLE/DEPOSIT

30 LB. CYLINDER OF REFRIGERANT 502

30 LB. CYLINDER OF REFRIGERANT 502 RETURNABLE/DEPOSIT
50 LB. CYLINDER OF REFRIGERANT 502

125 LB. CYLINDER OF REFRIGERANT 502 RETURNABLE/DEPOSIT
825 LB. CYLINDER OF REFRIGERANT 502 RETURNABLE/DEPOSIT
1750 LB. CYLINDER OF REFRIGERANT 502 RETURNABLE/DEPOSIT

5 LB. CYLINDER OF REFRIGERANT 503

9 LB. CYLINDER OF REFRIGERANT 503 RETURNABLE/DEPOSIT
20 LB. CYLINDER OF REFRIGERANT 503 RETURNABLE/DEPOSIT
80 LB. CYLINDER OF REFRIGERANT 503 RETURNABLE/DEPOSIT

25 LB. CYLINDER OF REFRIGERANT 507
100 LB. CYLINDER OF REFRIGERANT 507 RETURNABLE/DEPOSIT
1400 LB. CYLINDER OF REFRIGERANT 507 RETURNABLE/DEPOSIT

5LB. CYLINDER OF REFRIGERANT 508B

10 LB. CYLINDER OF REFRIGERANT 508B RETURNABLE/DEPOSIT
20 LB. CYLINDER OF REFRIGERANT 508B RETURNABLE/DEPOSIT
70 LB. CYLINDER OF REFRIGERANT 508B RETURNABLE/DEPOSIT

3 LB. CYLINDER OF R-170 (ETHANE) RETURNABLE/DEPOSIT
4 OZ. CYLINDER OF R-170 (ETHANE)

4 OZ. CYLINDER OF R-1150 (ETHYLENE)

16 OZ. CYLINDER OF R-600 (BUTANE)

16 OZ. CYLINDER OF R-600a (ISOBUTANE)

14 OZ. CYLINDER OF R-290 (PROPANE)

16 OZ. METAL CAN OF PENTANE LIQUID

RECOVERY CONTAINERS

DESCRIPTION

EZ ONE SHOT RECOVERY CYLINDER

30 LB. RECOVERY CYLINDER ($75.00 DEPOSIT)

40 LB. RECOVERY CYLINDER ($75.00 DEPOSIT)

50 LB. RECOVERY CYLINDER ($75.00 DEPOSIT)

50 LB. RECOVERY CYLINDER W/FLOAT ($100.00 DEPOSIT)

1250 LB. RECOVERY CYLINDER ($125.00 DEPOSIT)

%2 TON RECOVERY CYLINDER ($1000.00 DEPOSIT)

1 TON RECOVERY CYLINDER ($2800.00 DEPOSIT)

9 LB. HIGH PRESSURE RECOVERY CYLINDER ($130.00 DEPOSIT)
23 LB. HIGH PRESSURE RECOVERY CYLINDER ($150.00 DEPOSIT)
80 LB. HIGH PRESSURE RECOVERY CYLINDER ($200.00 DEPOSIT)

Refrigerant Reference Guide 4
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NRI Product Part Numbers

ANALYTICAL TESTING

PART NO. DESCRIPTION
NRIHP HIGH PRESSURE LIQUID REFRIGERANT TEST KIT
NRILP LOW PRESSURE LIQUID REFRIGERANT TEST KIT
NRINC NON-CONDENSABLE VAPOR REFRIGERANT TEST KIT
NRIOA OIL ANALYSIS TEST KIT
NRIHALON HALON ANALYSIS TEST KIT
LUBRICANTS

PART NO. DESCRIPTION
1501G 1 GALLON CONTAINER OF REFRIGERATION MINERAL OIL 150 SUS VISCOSITY
1505G 5 GALLON CONTAINER OF REFRIGERATION MINERAL OIL 150 SUS VISCOSITY
15055G 55 GALLON CONTAINER OF REFRIGERATION MINERAL OIL 150 SUS VISCOSITY
150AKB1G 1 GALLON CONTAINER OF ALKYLBENZENE OIL 150 SUS VISCOSITY
200AKB1G 1 GALLON CONTAINER OF ALKYLBENZENE OIL 200 SUS VISCOSITY
300AKB1G 1 GALLON CONTAINER OF ALKYLBENZENE OIL 300 SUS VISCOSITY
3001G 1 GALLON CONTAINER OF REFRIGERATION MINERAL OIL 300 SUS VISCOSITY
3005G 5 GALLON CONTAINER OF REFRIGERATION MINERAL OIL 300 SUS VISCOSITY
30055G 55 GALLON CONTAINER OF REFRIGERATION MINERAL OIL 300 SUS VISCOSITY
5001G 1 GALLON CONTAINER OF REFRIGERATION MINERAL OIL 500 SUS VISCOSITY
5005G 5 GALLON CONTAINER OF REFRIGERATION MINERAL OIL 500 SUS VISCOSITY
50055G 55 GALLON CONTAINER OF REFRIGERATION MINERAL OIL 500 SUS VISCOSITY
1TD 1 GALLON CONTAINER OF CAPELLA OIL 68 ISO VISCOSITY
5TD 5 GALLON CONTAINER OF CAPELLA OIL 68 ISO VISCOSITY
55TD 55 GALLON CONTAINER OF CAPELLA OIL 68 ISO VISCOSITY
PE321P 1 GALLON CONTAINER OF POLYOL ESTER LUBRICANT 32 ISO VISCOSITY
PE321Q 1 GALLON CONTAINER OF POLYOL ESTER LUBRICANT 32 ISO VISCOSITY
PE321G 1 GALLON CONTAINER OF POLYOL ESTER LUBRICANT 32 ISO VISCOSITY
PE681P 1 GALLON CONTAINER OF POLYOL ESTER LUBRICANT 68 ISO VISCOSITY
PE681Q 1 GALLON CONTAINER OF POLYOL ESTER LUBRICANT 68 ISO VISCOSITY
PE681G 1 GALLON CONTAINER OF POLYOL ESTER LUBRICANT 68 ISO VISCOSITY
VPO1P 1 GALLON CONTAINER OF VACUUM PUMP OIL 46 VISCOSITY
VPO1Q 1 GALLON CONTAINER OF VACUUM PUMP OIL 46 VISCOSITY
VPO1G 1 GALLON CONTAINER OF VACUUM PUMP OIL 46 VISCOSITY
VPO5G 5 GALLON CONTAINER OF VACUUM PUMP OIL 46 VISCOSITY
VPO55G 55 GALLON CONTAINER OF VACUUM PUMP OIL 46 VISCOSITY
WF32 1 GALLON CONTAINER OF CAPELLA OIL 32 1SO VISCOSITY
WF325 5 GALLON CONTAINER OF CAPELLA OIL 32 ISO VISCOSITY
WF3255 55 GALLON CONTAINER OF CAPELLA OIL 32 ISO VISCOSITY

CYLINDER REFURBISHING
PART NO. DESCRIPTION
CYLDISP DISPOSAL OF EMPTY NON-REFILLABLE CYLINDER
3050HST HYDROSTATIC TESTING — 30 — 40 — 50 LB. CYLINDERS
125HST HYDROSTATIC TESTING 125 LB. CYLINDER
240HST HYDROSTATIC TESTING 240 LB. CYLINDER
1/2TONHST HYDROSTATIC TESTING % TON CYLINDER
TONHST HYDROSTATIC TESTING TON CYLINDER
3050HSRT HYDROSTATIC TESTING & REFURBISHING — 30 — 40 — 50 LB. CYLINDERS
125HSRT HYDROSTATIC TESTING & REFURBISHING 125 LB. CYLINDER
240HSRT HYDROSTATIC TESTING & REFURBISHING 240 LB. CYLINDER
1/2TONHSRT HYDROSTATIC TESTING & REFURBISHING % TON CYLINDER
TONHSRT HYDROSTATIC TESTING & REFURBISHING TON CYLINDER

Refrigerant Reference Guide 5 4th Edition 2006



INATIONAL |

Property Summary

Technical
Guidelines

Similar to R-114 - high ambient air conditioning.

MINERAL OIL or
R-124 pure HCFC 0 ALKYL BENZENE
HFC - new systems, med temp refrig, auto AC. Retrofit
R-134a pure HFC 0 POLYOLESTER involves oil flushing.
New refrigeration systems, retrofit R-12 systems involves
MINERAL OIL or
R-22 pure HCFC 0 ALKYL BENZENE equipment changes. Standard for AC.
Properties similar to R-13; runs hotter on discharge side.
R-23 pure HFC 0 POLYOLESTER Very low temperature refrigeration.
R401A 22/152a/124 HCFC . ALKYL BENZENE Retrofit blend for R-12; higher glide and discharge
(MP 39) (53/13/34) BLEND ORMO/ABMIX  |Pressure/temp.
R401B 22/152a/124 HCFC . ALKYL BENZENE Retroﬁt ble;gFfor IR—1 2 at.llower I;en(;(p;eratures (boost to
(MP 66) (61/11/28) BLEND ORMO/ABMIX | Capacity <-20F),also similar to R-5
RA02A 125/290/22 HCFC . ALKYL BENZENE Rgtzroﬁt blend for R-502; higher discharge pressure than
(HP 80) (60/2/38) BLEND ’ OR MO/AB MIX >02.
R402B 125/290/22 HCFC . ALKYL BENZENE Retrofit blend for R-502 in ice machines; higher discharge
(HP81) (38/2/60) BLEND ’ ORMO/ABMIX  |*™P
038 290/22/218 HCFC . MINERAL OIL or |-||_as been used successfully in ?381 type equipment.
- (5/56/39) BLEND . ALKYL BENZENE (Lower evaporator pressures - in vacuum)
R404A 125/143a/134a HFC . DOLYOLESTER HFC .ble(?d - long term new or retrofit for R-502 (oil flush
(HP62,FX70) (44/52/4) BLEND : required).
HFC blend; similar properties to R-22, higher glide.
32/125/134a HFC
R-407C i i
(23/25/52) BLEND 10 POLYOLESTER Potential new equipment or retrofit for AC.
R-408A 125/1438/22 HCFC : MINERAL OIL or Rl?tr:Tt :,'egd fg,' R:OZ' Very close property match,
(FX10) (7/46/47) BLEND ALKYLBENZENE ~ [S'9ntly higher discharge temp.
RL409A 22/124/142b HCFC " MINERAL OIL or Retrofit blend foSr. R_'1|2; hig;e:) glideA acnd discharge
(FX56) (60/25/15) BLEND ALKYL BENZENE pressure/temp. Similar to R-500 at AC temps.
RAT0A 32/125 HEC 0 POLYOLESTER HF; blend for |I1ew AC systems; higher pressures, new
(AZ 20) (50/50) BLEND ' equipment only.
R414B 22/600a/124/142b HCFC " MINERAL OIL or Eetr((;ﬁt blend f/(-)\r R-12 IZ\Qler R-22 f\(éntent blend, lower
(HOT SHOT) (50/1.5/39/9.5) BLEND ALKYL BENZENE ead pressure. Approvedforauto AC.
R416A 134a/124/600 HCFC . DOLYOLESTER Eetr((j)ﬁt blend er R-12; IZ\;ver R-22 :\(éntent blend, lower
(FRIGCFR12) (59/39/2) BLEND . ead pressure. Approved for auto AC.
. 125/134a/600 HEC . MINERAL OIL, I:FC blgr:d; S|m|Iar‘propert|es to R%ZZ% hllg-\her gfll.de.
(46.6/50/3.4) BLEND AB, OR POE otential new equipment or retrofit for AC, refrig,
f o 125/134a/600a HFC S MINERAL OIL, Hng bIF')end; si.mlilar prope.rties to R-502 o; 4?4A, P;igher
(85.1/11.5/3.4) BLEND AB, OR POE glide. Potential new equipment or retrofit for refrig.
R507 125/143a HFC . DOLYOLESTER HFC .blee;d - long term new or retrofit for R-502 (il flush
(AZ50) (50/50) BLEND required).
R.508B HEC Properties similar to R-503; can be used for R-503 or R-13
(*SUVA® 95) 23/116 BLEND 0 POLYOLESTER very low temp systems.
*SUVA®is a Registered Trademark of DuPont
6 4th Edition 2006
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Application Summary

Technical
Guidelines

APPLICATION COMMENTS

R-13 systems can retrofit to R-23 (but sufferhigher heat at discharge) or R-508B (but the
pressures are different). R-503 systems should use R-508B. R-13B1 systems can operate with
R-403B, but often in vacuum conditions.

e | Sl | sonana)
(TRADE NAME) >
Very Low Temperature and Cascade Refrigeration (R-13 and R-503 type)
R-23 pure 95%
R-508B 13:105-110%
SUVA® 95 23/16 503: 90-95%
290/22/218
R
4038 (5/56/39) A

Low-Medium Temperature Refrigeration (R-502 type)

Overall Concerns:
discharge pressure can affect controls. Qil return is traditionally a problem in 502 low temp. Most
blends are very low glide (no problems).

Retrofit Recommendations (in order of preference based on performance/ease of use):

Discharge temperature is important - can't tolerate large increase. Higher

R22 pure 100-105%
e | wone | 100
| mmE |

(HPFZ;?WAO) 125(;13?53//11?461 85-90%
A
R422A 2;55 /11/??35//63?2;’ 90-95%
250 s a5 00

R-408A Closest match to R-502 properties and performance. Slightly higher d is. Temp.
R-422A Use with existing oils.

R-402A Higher discharge pressure, lower discharge temperature than 408A.

R-402B Similar discharge pressure, higher discharge pressure. Good for ice machines. All
retrofit blends should consider oil change to AB in order to improve oil circulation.

R-404A or R-507 can be used to retrofit, however mineral oil must be flushed, POE used. R-22
Refrigeration Options

R-404A or R-507 can be used to retrofit, howev er mineral oil must be flushed, POE used, and
system components (valves, etc.) may need to be changed.

R-422A Lower temperatures with existing oils. Use 404A valves.

R-417A Warmer temps with existing oils.

Long Term HFC Options

R-404A and R-507 Off the shelf equipment, interchangeable with each other. (POE)

Low-Medium Temperature Refrigeration (R-12 type)

Overall Concerns:
QOil return must be addressed. Temperature glide not a problem in most applications.
Retrofit Recommendations (in order of preference based on performance/ease of use):

Match R-12 evaporator conditions (slightly higher discharge pressures OK).

R-22 pure N/A
R-134a pure 90%
R-401A 22/152a/124 o
(MP 39) (53/13/34) 80-85%
R-401B 22/152a/124 o
(MP 66) (61/11/28) 80-85%
R-409A 22/124/142b o
(FX56) (60/25/15) 8085%

R-409A Better at lower temperatures, maintains performance, higher discharge Tand P.
R-414B Better at warmer temperatures, lower discharge temp than 409A.

R-401A Good overall performance, need AB oil below 30F coil temps.

R-416A Biggest change in properties, poor low temp performance

NRI does not carry:

R-406A Very similar to R-4148B.

Freeze 12, Freezone, RB 276: Similar to 416A (134a based, not good in low temp)

Medium-High Temperature Refrigeration (R-12 tyj

pe)

R-414B 22/600a/124/142b 80-85% Overall Concerns: _ Higher application temps will drive up head pressure and discharge temp.
(HOT SHOT) (50/1.5/39/9.5) ° These blends will lessen the abuse on the system but cost some capacity. Retrofit
Recommendations (in order of NRI preference based on performance/ease of use)
R-416A 134a/124/600 90-95% R-414B, 416A Lower, or no, R-22 cuts down on discharge temperature/pressure.
(FRIGCFR12) (59/39/2) R-401A, R-401B, R-409A for R-12 or R-500 air conditioning (direct expansion systems)
Air Conditioning (R-22 type)
32/125/134a Overall Concerns: _R-22 availability and price make retrof itting a less attractive option, however it
R-407C 95-100% : - .
(23/25/52) is possible to use R-407C (POE flush) or R-417A for retrofitting.
R-410A 32/125 N/A
(AZ 20) (50/50) New Equipment is being design  ed around R-410A (higher efficiency models), althoughit is
125/134a/600 possible that the R-22 "look alike" blends may be used also. Decision time frame depends on
RAT7A (46.6/50/3.4) 95-100% the new Energy Efficiency guidelines from DOE. (Residential, 2006)

High Ambient and Centrifugal Chillers

R-124

pure

N/A

R-123

pure

N/A

R-114 high ambient AC can use R-124 or very large R-134a systems.
Centrifugal ch illers require major equipment upgrades to retrofit to another refrigerant.
Chiller manufacturers will need to be consulted for such jobs.

*SUVA® 95 is a Registered Trademark of DuPont
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R-11 and R-12
Physical Properties of Refrigerants R-11 R-12
HEnvironmental Classification CFC CFC
Molecular Weight 137.4 120.9
Boiling Point (1 atm, F) 74.7 -21.6
Critical Pressure (psia) 639.3 600
Critical Temperature (F) 388 233.5
Critical Density (Ib./ft"3) 34.6 35.3
Liquid Density (70 F, Ib./ft"3) 92.73 82.96
Vapor Density (bp, Ib./ft*3) 0.365 0.393
Heat of Vaporization (bp, BTU/Ib.) 77.9 71.2
Specific Heat Liquid (70 F, BTU/Ib. F) 0.2093 0.2324
Specific Heat Vapor (1 atm, 70 F, BTU/Ib. F) | 0.1444 (sat) 0.1455
Ozone Depletion Potential (CFC 11 = 1.0) 1.0 1.0
Global Warming Potential (CO2 = 1.0) 4680 10720
ASHRAE Standard 34 Safety Rating A1 A1

Available in the
following sizes:

R-11

100R11 100 Ib drum
200R11 200 Ib drum
650R11 650 Ib drum
1100R11 %z ton cylinder*
2200R11 1 ton cylinder*

R-12

012R12 12 oz cans
30R12 30 Ib cylinder
50R12 50 Ib cylinder
145R12 145 Ib cylinder*
1000R12 ¥ ton cylinder*
2000R12 ton cylinder*

* Deposit required

National Refrigerants still has significant quantities of CFC refrigerants
for sale. As an EPA Certified Reclaimer we are able to consistently
return used R-11, R-12, and other CFCs to ARI-700 specifications for

purity.

R-11

Applications: Large, low-pressure centrifugal chillers. This type of chiller

provides a very large amount of chilled water for air conditioning
purposes (office buildings, hotels, etc). The equipment and charge size
are usually quite large.

Retrofitting: R-123 is being successfully used to retrofit R-11 chillers.
Hardware modifications are needed, however, and retrofit jobs are
typically done with the help of OEMS.

R-12

Applications: Large centrifugal chillers, reciprocating chillers, open
drive AC, process cooling, high-medium-low temp refrigeration (large
and small systems).

Retrofitting To: R-134a page 87
R-401A, R-401B page 88
R-409A page 88
R-414B page 88
R-416A page 89

Pressure-Temperature Chart

R-11 Temp (F)| R-12
psig psig
-40 11.0

-35 84

-30 5.5

-25 2.3

27.0 -20 0.6
26.5 -15 24
26.0 -10 4.5
254 -5 6.7
24.7 0 9.2
23.9 5 11.8
23.1 10 14.6
22.1 15 17.7
21.1 20 21.0
19.9 25 246
18.6 30 28.5
17.2 35 32.6
15.6 40 37.0
13.9 45 41.7
12.0 50 46.7
10.0 55 52.0
7.8 60 57.7
5.4 65 63.8
2.8 70 70.2
0.0 75 77.0
15 80 84.2
32 85 91.8
49 90 99.8
6.8 95 108
8.8 100 117
10.9 105 127
13.2 110 136
15.6 115 147
18.2 120 158
21.0 125 169
24.0 130 181
271 135 194
304 140 207
34.0 145 220
37.7 150 234
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THERMODYNAMIC PROPERTIES OF R-11

Temp | Pressure| Density (L) Density (V) | Enthalpy (L) Enthalpy (V) | Entropy (L) Entropy (V)
[F] [psia] [Ib/ft\3] [Ib/ftA3] [Btu/Ib] [Btu/lb] [Btu/R-Ib] [Btu/R-Ib]
30 5.6 95.93 0.1481 14.14 95.94 0.03112 0.1982
35 6.3 95.54 0.1654 15.16 96.56 0.03321 0.1977
40 7.0 95.14 0.1842 16.19 97.17 0.03528 0.1973
45 7.9 94.75 0.2047 17.23 97.79 0.03733 0.197
50 8.8 94.35 0.2269 18.26 98.41 0.03937 0.1966
55 9.8 93.95 0.2509 19.30 99.02 0.04139 0.1963
60 10.9 93.55 0.2769 20.34 99.64 0.0434 0.196
65 12.1 93.14 0.3049 21.39 100.3 0.0454 0.1957
70 13.4 92.73 0.3351 22.44 100.9 0.04738 0.1955
75 14.8 92.32 0.3676 23.49 101.5 0.04935 0.1952
80 16.3 91.91 0.4024 24.54 102.1 0.05131 0.1950
85 17.9 91.50 0.4397 25.60 102.7 0.05326 0.1948
90 19.7 91.08 0.4797 26.66 103.3 0.05519 0.1946
95 21.6 90.66 0.5224 27.73 103.9 0.05711 0.1945
100 23.6 90.23 0.5680 28.80 104.5 0.05902 0.1943
105 25.7 89.81 0.6167 29.87 105.1 0.06092 0.1942
110 28.1 89.38 0.6684 30.94 105.7 0.06281 0.1941
115 30.5 88.94 0.7235 32.02 106.3 0.06469 0.1940
120 33.2 88.51 0.7820 33.11 106.9 0.06656 0.1939
125 36.0 88.07 0.8442 34.20 107.5 0.06842 0.1939
130 38.9 87.62 0.910 35.29 108.1 0.07027 0.1938
135 42 1 87.17 0.980 36.39 108.7 0.07211 0.1937
140 454 86.72 1.054 37.49 109.3 0.07394 0.1937
145 49.0 86.26 1.132 38.59 109.9 0.07576 0.1937
150 52.8 85.80 1.215 39.70 110.5 0.07758 0.1936
155 56.7 85.33 1.302 40.82 111.0 0.07939 0.1936
160 60.9 84.86 1.394 41.94 111.6 0.08119 0.1936
165 65.3 84.39 1.492 43.06 112.2 0.08298 0.1936
170 70.0 83.91 1.594 44 .19 112.7 0.08476 0.1936
175 74.9 83.42 1.702 45.33 113.3 0.08654 0.1936
180 80.0 82.93 1.816 46.47 113.8 0.08832 0.1936
185 854 82.43 1.936 47.62 114.4 0.09008 0.1936
190 91.1 81.93 2.062 48.77 114.9 0.09184 0.1936
195 97 1 81.42 2.195 49.93 115.4 0.09360 0.1937
200 103.3 80.90 2.335 51.09 116.0 0.09535 0.1937
205 109.8 80.38 2.482 52.26 116.5 0.09710 0.1937
210 116.7 79.85 2.636 53.44 117.0 0.09884 0.1937
215 123.8 79.31 2.799 54.62 117.5 0.1006 0.1937
220 131.3 78.76 2.970 55.82 118.0 0.1023 0.1938
225 139.1 78.21 3.149 57.01 118.5 0.1040 0.1938
230 147.2 77.65 3.338 58.22 118.9 0.1058 0.1938
235 155.6 77.08 3.536 59.43 119.4 0.1075 0.1938
240 164.5 76.50 3.745 60.65 119.8 0.1092 0.1938
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THERMODYNAMIC PROPERTIES OF R-12

Temp |Pressure| Density (L) Density (V) | Enthalpy (L) Enthalpy (V) | Entropy (L)  Entropy (V)
[F] [psia] /i3] [lo/ft3] [Btu/lb] [Btu/lb] [Btu/R-lb] [Btu/R-lb]
-60 54 96.63 0.1537 -4.145 70.99 -0.01010 0.1779
-55 6.2 96.14 0.1756 -3.115 71.56 -0.00754 0.1770
-50 7.1 95.66 0.1999 -2.081 7213 -0.00501 0.1761
-45 8.1 95.17 0.2268 -1.043 72.70 -0.00249 0.1753
-40 9.3 94.68 0.2565 0.000 73.27 0.00000 0.1746
-35 10.6 94.18 0.289 1.047 73.84 0.00247 0.1739
-30 12.0 93.68 0.3247 2.098 74.41 0.00493 0.1732
-25 13.5 93.18 0.3637 3.154 74.98 0.00736 0.1726
-20 15.2 92.67 0.4063 4.214 75.55 0.00978 0.1720
-15 171 92.16 0.4525 5.280 76.11 0.01218 0.1715
-10 19.2 91.65 0.5028 6.350 76.68 0.01457 0.1710
-5 214 91.13 0.5573 7.425 77.24 0.01693 0.1705

0 23.8 90.61 0.6162 8.505 77.80 0.01929 0.1700

5 26.4 90.08 0.6798 9.591 78.35 0.02162 0.1696
10 29.3 89.55 0.7483 10.68 78.90 0.02395 0.1692
15 324 89.02 0.8221 11.78 79.45 0.02625 0.1688
20 35.7 88.48 0.9013 12.88 80.00 0.02855 0.1685
25 39.3 87.93 0.9864 13.99 80.54 0.03083 0.1681
30 43.1 87.38 1.078 15.10 81.07 0.03310 0.1678
35 47.2 86.82 1.175 16.22 81.61 0.03536 0.1675
40 51.6 86.25 1.279 17.35 82.13 0.03761 0.1673
45 56.3 85.68 1.391 18.48 82.65 0.03984 0.1670
50 61.3 85.10 1.510 19.62 83.17 0.04207 0.1668
55 66.6 84.52 1.637 20.77 83.68 0.04428 0.1665
60 72.3 83.92 1.772 21.92 84.18 0.04649 0.1663
65 78.4 83.32 1.915 23.08 84.67 0.04869 0.1661
70 84.8 82.71 2.068 24.25 85.16 0.05088 0.1659
75 915 82.09 2.231 2543 85.64 0.05306 0.1657
80 98.7 81.47 2.404 26.61 86.11 0.05524 0.1655
85 106.3 80.83 2.588 27.80 86.58 0.05740 0.1653
90 114.3 80.18 2.783 29.01 87.03 0.05957 0.1651
95 122.7 79.52 2.991 30.22 87.47 0.06173 0.1649
100 131.6 78.85 3.211 31.44 87.90 0.06388 0.1648
105 141.0 78.16 3.445 32.67 88.32 0.06603 0.1646
110 150.8 77.46 3.694 33.91 88.73 0.06818 0.1644
115 161.1 76.75 3.958 35.16 89.12 0.07032 0.1642
120 172.0 76.02 4.238 36.43 89.50 0.07247 0.1640
125 183.3 75.28 4.537 37.70 89.87 0.07461 0.1638
130 195.2 74.51 4.855 38.99 90.22 0.07676 0.1636
135 207.7 73.73 5193 40.30 90.55 0.07890 0.1634
140 220.7 72.93 5.554 41.61 90.86 0.08106 0.1632
145 2344 72.10 5.939 42.95 91.15 0.08321 0.1629
150 248.6 71.24 6.351 44.30 91.42 0.08538 0.1627
155 263.5 70.36 6.792 45.67 91.66 0.08755 0.1624
160 279.0 69.45 7.265 47.06 91.87 0.08973 0.1621
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R-13
Physical Properties of Refrigerants R-13
Environmental Classification CFC
Molecular Weight 104.5
Boiling Point (1 atm, F) -114.3
Critical Pressure (psia) 567.8
Critical Temperature (F) 84.6
Critical Density (Ib./ft"3) 35.9
Liquid Density (70 F, Ib./ft"3) 72.7
Vapor Density (bp, Ib./ft"3) 0.4332
Heat of Vaporization (bp, BTU/Ib.) 64.35
Specific Heat Liquid (70 F, BTU/Ib. F) 0.2876
Specific Heat Vapor (1 atm, 70 F, BTU/Ib. F) 0.1445
Ozone Depletion Potential (CFC 11 = 1.0) 1.0
Global Warming Potential (CO2 = 1.0) 14190
ASHRAE Standard 34 Safety Rating A1l

Available in the
following sizes:

R-13
5R13 5 1Ib cylinder
9R13 9 Ib cylinder*

23R13 23 Ib cylinder*

80R13 80 Ib cylinder*

*Deposit Required

Very low temperature refrigeration systems typically operate in two or
more stages (cascade type systems). It would be nearly impossible to
achieve low temperatures in a single stage with an inexpensive
comrpessor. The traditional cascade system has a low temperature
stage that uses the lower boiling point gas, such as R-13 or R-503, and
a high stage that typically uses R-12, R-22 or R-502.

The high stage evaporator provides the correct condensation

temperature for the low stage so that compressors in both stages can
run at “normal” pressures.

R-13

Applications: Very low temperature refrigeration (low stage of a
cascade system)

Retrofitting: R-23 or R-508B page 96

Pressure-Temp Chart

Temp (F) R-13
psig
-120 4.5
-115 0.3
-110 21
-105 4.7
-100 7.6
-95 10.8
-90 14.3
-85 18.2
-80 225
-75 27.2
-70 323
-65 37.8
-60 43.9
-55 50.4
-50 57.5
-45 65.1
-40 73.3
-35 821
-30 91.6
-25 102
-20 113
-15 122
-10 136
-5 149
0 163
5 177
10 193
15 209
20 226
25 244
30 264
35 284
40 305
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THERMODYNAMIC PROPERTIES OF R-13
Temp | Pressure| Density (L) Density (V) | Enthalpy (L) Enthalpy (V) | Entropy (L) Entropy (V)
[F] [psia] [Ib/ft"3] [Ib/ftA3] [Btu/lb] [Btu/lb] [Btu/R-Ib] [Btu/R-Ib]

-140 6.4 98.20 0.2008 -21.91 45.08 -0.059 0.1506
-135 7.7 97.56 0.2359 -20.89 45,58 -0.05582 0.1489
-130 9.1 96.92 0.2756 -19.86 46.08 -0.05268 0.1473
-125 10.7 96.27 0.3204 -18.82 46.57 -0.04957 0.1458
-120 12.5 95.62 0.3707 -17.78 47.06 -0.04649 0.1444
-115 14.5 94.96 0.4269 -16.73 47.55 -0.04343 0.1430
-110 16.8 94.30 0.489%4 -15.67 48.03 -0.04040 0.1418
-105 19.3 93.63 0.5588 -14.61 48.51 -0.03739 0.1406
-100 222 92.95 0.6356 -13.54 48.98 -0.03441 0.13%4
-95 254 92.27 0.7203 -12.46 49.45 -0.03145 0.1383
-90 28.9 91.58 0.8135 -11.37 49.91 -0.02851 0.1373
-85 32.7 90.87 0.9158 -10.28 50.37 -0.02559 0.1363
-80 37.0 90.17 1.028 -9.173 50.82 -0.02269 0.1353
-75 41.6 89.45 1.150 -8.061 51.26 -0.01980 0.1344
-70 46.7 88.72 1.283 -6.939 51.70 -0.01693 0.1335
-65 52.2 87.98 1.428 -5.809 52.12 -0.01408 0.1327
-60 58.2 87.23 1.586 -4.668 52.54 -0.01124 0.1319
-55 64.7 86.46 1.757 -3.517 52.95 -0.00841 0.1311
-50 7.7 85.69 1.942 -2.356 53.34 -0.00560 0.1304
-45 79.3 84.90 2.143 -1.184 53.73 -0.00280 0.1296
-40 87.4 84.10 2.360 0.000 54.11 0.00000 0.1289
-35 96.2 83.27 2.594 1.196 54.47 0.00279 0.1282
-30 105.6 82.44 2.848 2.405 54.82 0.00557 0.1276
-25 115.6 81.58 3.121 3.627 55.15 0.00834 0.1269
-20 126.4 80.71 3.416 4.863 55.47 0.01111 0.1262
-15 137.8 79.81 3.735 6.114 55.77 0.01388 0.1256
-10 150.0 78.89 4,078 7.381 56.06 0.01665 0.1249
-5 163.0 77.94 4.450 8.666 56.32 0.01943 0.1242
0 176.7 76.96 4.851 9.968 56.57 0.02220 0.1236
5 191.3 75.96 5.286 11.29 56.79 0.02499 0.1229
10 206.8 74.91 5.756 12.63 56.98 0.02778 0.1222
15 223.1 73.83 6.267 14.00 57.15 0.03059 0.1215
20 240.4 72.71 6.823 15.39 57.28 0.03342 0.1207
25 258.6 71.54 7.430 16.81 57.38 0.03627 0.1200
30 2779 70.31 8.094 18.27 57.43 0.03915 0.1191
35 298.2 69.01 8.824 19.76 57.44 0.04206 0.1182
40 319.5 67.64 9.632 21.29 57.39 0.04503 0.1173
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Physical Properties of Refrigerants R-22 Available in the
Environmental Classification HCFC following sizes:
Molecular Weight 86.5
Boiling Point (1 atm, F) 415 R-22
Critical Pressure (psia) 723.7 15R22 15 Ib cylinder
Critical Temperature (F) 205.1 30R22 30 Ib cylinder
Critical Density (Ib./ft"3) 32.7 ?2;2{32 ?ggblbcyli?dgr
N . cylinder*
Liquid Density (70 F, Ib./ft*3) 75.3 1000R22 ¥ ton cylinder*
Vapor Density (bp, Ib./ft"3) 0.294 1750R22 ton cylinder*
Heat of Vaporization (bp, BTU/Ib.) 100.5
Specific Heat Liquid (70 F, BTU/Ib. F) 0.2967
Specific Heat Vapor (1 atm, 70 F, BTU/Ib. F) 0.1573
Ozone Depletion Potential (CFC 11 = 1.0) 0.05
Global Warming Potential (CO2 = 1.0) 1780
ASHRAE Standard 34 Safety Rating A1 *Deposit Required
Pressure-Temp Chart
The dominant refrigerant in residential and commercial air conditioning T?S;P (R-S?2)
. . . . . . |
applications, also used in refrigeration and as a blend component since 20 %59’
the phaseout of CFCs. R-22 is subject to production restrictions and -35 26
eventual phaseout in 2020. (It cannot be used in new equipment after P i
2010.) -20 101
-15 13.2
-10 16.5
R-22 5 20.1
0 24.0
. . 0 . . . 5 28'2
Applications: Refrigeration - low and medium temperature commercial and 10 328
stand-alone systems, industrial process cooling, glycol and ;g jgg
water chillers, commercial and residential air conditioning 25 488
and heat pumps. 30 54.9
35 61.5
40 68.5
45 76.0
Retrofitting: R-407C page 90 S0 84.0
55 92.6
R-417A page 90 60 102
R-422A page 91 65 111
70 121
R-404A or R-507 page 91 75 130
80 144
85 156
90 168
95 182
100 196
105 211
110 226
115 243
120 260
125 278
130 297
135 317
140 337
145 359
150 382
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THERMODYNAMIC PROPERTIES OF R-22
Temp | Pressure| Density (L) Density (V) | Enthalpy (L) Enthalpy (V) | Entropy (L) Entropy (V)
[F] [psia] [Ib/ft"3] [Ib/ft"3] [Btu/lb] [Btu/Ib] [Btu/R-Ib] [Btu/R-Ib]
-60 8.8 89.82 0.1827 -5.189 98.09 -0.01264 0.2458
-55 10.2 89.33 0.2087 -3.897 98.66 -0.00943 0.2440
-50 117 88.83 0.2374 -2.602 99.22 -0.00626 0.2423
-45 134 88.33 0.2692 -1.303 99.79 -0.00311 0.2407
-40 15.3 87.82 0.3042 0.000 100.3 0.00000 0.2391
-35 17.3 87.32 0.3427 1.308 100.9 0.00309 0.2376
-30 19.6 86.80 0.3849 2.620 101.4 0.00615 0.2361
-25 221 86.29 0.4310 3.937 102.0 0.00918 0.2348
-20 24.9 85.76 0.4813 5.260 102.5 0.01220 0.2334
-15 27.9 85.24 0.5360 6.588 103.0 0.01519 0.2321
-10 31.2 84.71 0.5955 7.923 103.6 0.01815 0.2309
-5 34.8 84.17 0.6600 9.263 104.1 0.02110 0.2296
0 38.7 83.63 0.7299 10.61 104.6 0.02403 0.2285
5 43.0 83.08 0.8054 11.96 105.1 0.02694 0.2273
10 47.5 82.52 0.8868 13.33 105.6 0.02983 0.2263
15 52.5 81.96 0.9746 14.69 106.1 0.03270 0.2252
20 57.8 81.39 1.069 16.07 106.5 0.03556 0.2242
25 63.5 80.82 1.171 17.46 107.0 0.03841 0.2231
30 69.7 80.24 1.280 18.85 107.4 0.04124 0.2222
35 76.2 79.65 1.396 20.25 107.9 0.04406 0.2212
40 83.3 79.05 1.522 21.66 108.3 0.04686 0.2203
45 90.8 78.44 1.656 23.08 108.7 0.04966 0.2194
50 98.8 77.83 1.799 24.51 109.1 0.05244 0.2185
55 107.3 77.20 1.952 25.96 109.5 0.05522 0.2176
60 116.3 76.57 2.116 27.41 109.9 0.05798 0.2167
65 125.9 75.92 2.291 28.87 110.3 0.06074 0.2159
70 136.1 75.27 2.478 30.35 110.6 0.06350 0.2150
75 146.9 74.60 2.678 31.84 110.9 0.06625 0.2142
80 158.3 73.92 2.891 33.34 111.2 0.06899 0.2133
85 170.4 73.23 3.118 34.86 111.5 0.07173 0.2125
90 183.1 72.52 3.361 36.39 111.8 0.07447 0.2117
95 196.5 71.80 3.620 37.94 112.0 0.07721 0.2108
100 210.6 71.06 3.897 39.50 112.3 0.07996 0.2100
105 2255 70.30 4,193 41.08 112.5 0.08270 0.2091
110 241.1 69.52 4510 42.69 112.7 0.08545 0.2083
115 257.5 68.72 4.849 44 .31 112.8 0.08821 0.2074
120 274.7 67.90 5.213 4595 112.9 0.09098 0.2065
125 292.7 67.05 5.604 47.62 113.0 0.09376 0.2056
130 311.6 66.18 6.024 49.32 113.0 0.09656 0.2046
135 3314 65.27 6.477 51.04 113.0 0.09937 0.2036
140 352.1 64.32 6.966 52.80 113.0 0.1022 0.2026
145 373.7 63.34 7.497 54.59 112.9 0.1051 0.2015
150 396.4 62.31 8.075 56.42 112.8 0.1080 0.2004
155 420.0 61.22 8.706 58.31 112.5 0.1110 0.1992
160 444.7 60.07 9.400 60.24 112.2 0.1140 0.1979
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Physical Properties of Refrigerants R-23 Available in the
Environmental Classification HFC following sizes:
Molecular Weight 70
Boiling Point (1 atm, F) 1156 R-23
Critical Pressure (psia) 701.4 5R13 5 Ib cylinder
Critical Temperature (F) 78.7
Critical Density (Ib./ftA3) 32.8 9R13  91b cylinder*
Liquid Density (20 F, Ib./ftA3) 67.46 20R13 20 Ib cylinder*
Vapor Density (bp, Ib./ft"3) 0.29
Heat of Vaporization (bp, BTU/Ib.) 102.7 70R13 70 Ib cylinder*
Specific Heat Liquid (20 F, BTU/Ib. F) 0.4162
Specific Heat Vapor (1 atm, 20 F, BTU/Ib. F) 0.1663
Ozone Depletion Potential (CFC 11 = 1.0) 0
Global Warming Potential (CO2 = 1.0) 12240
ASHRAE Standard 34 Safety Rating A1 *Deposit Required
) ) . ) Pressure-Temp Chart
Very low temperature refrigeration systems typically operate in two Temp R-23
or more stages (cascade type systems). It would be nearly (F) (psig)
impossible to achieve low temperatures in a single stage with an -125 7.8"
inexpensive comrpessor. The traditional cascade system has a low -120 4.0"
temperature stage that uses the lower boiling point gas, such as R- -115 0.3
13 or R-503, and a high stage that typically uses R-12, R-22 or R- '1(1)2 g'g
502. (R-23 has very similar properties to R-13, although it will :100 9.0
generate higher discharge temperatures.) 95 12.7
_ . . -90 16.7
The high stage evaporator provides the correct condensation 85 213
temperature for the low stage so that compressors in both stages -80 26.3
can run at “normal” pressures. -75 31.8
-70 37.9
-65 44.6
-60 52.0
R-23 -55 60.0
e . . -50 68.7
Applications: Very low temperature refrigeration (low stage of a 45 78.1
cascade system) -40 88.3
-35 99.4
Retrofitting: to replace R-13 page 96 -30 111
25 124
-20 138
-15 152
-10 168
-5 185
0 203
5 222
10 242
15 264
20 287
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Guidelines

THERMODYNAMIC PROPERTIES OF R-23

Temp | Pressure| Density (L) Density (V) | Enthalpy (L) Enthalpy (V) | Entropy (L)  Entropy (V)
[F] [psial [Ib/ftA3] lb/ftA3)] [Btu/lb] [Btu/lb] [Btu/R-Ib] [Btu/R-Ib]
-140 6.3 92.72 0.1312 -30.60 7743 -0.08247 0.2555
-135 7.6 92.20 0.1562 -29.15 77.98 -0.07799 0.2520
-130 9.1 91.66 0.1850 -27.70 78.52 -0.07356 0.2486
-125 10.8 91.12 0.2178 -26.25 79.05 -0.06919 0.2455
-120 12.8 90.57 0.2550 -24.78 79.58 -0.06486 0.2424
-115 15.1 90.00 0.2972 -23.31 80.09 -0.06058 0.23%4
-110 17.6 89.43 0.3446 -21.84 80.59 -0.05634 0.2366
-105 20.6 88.84 0.3978 -20.35 81.09 -0.05214 0.2339
-100 23.8 88.24 0.4572 -18.86 81.56 -0.04798 0.2312
-95 275 87.63 0.5234 -17.35 82.03 -0.04385 0.2287
-90 31.6 87.00 0.5970 -15.84 82.48 -0.03975 0.2262
-85 36.1 86.36 0.6784 -14.32 82.92 -0.03568 0.2238
-80 41.2 85.70 0.7684 -12.78 83.34 -0.03163 0.2215
-75 46.7 85.03 0.8675 -11.23 83.75 -0.02762 0.2193
-70 52.9 84.35 0.9765 -9.671 84.14 -0.02362 0.2171
-65 59.6 83.64 1.096 -8.097 84.51 -0.01964 0.2150
-60 67.0 82.93 1.227 -6.509 84.86 -0.01569 0.2129
-55 75.0 82.19 1.370 -4.906 85.19 -0.01175 0.2109
-50 83.7 81.43 1.527 -3.288 85.50 -0.00782 0.2089
-45 93.2 80.66 1.698 -1.653 85.79 -0.00390 0.2070
-40 103.5 79.86 1.884 0.000 86.06 0.00000 0.2051
-35 114.6 79.04 2.087 1.671 86.30 0.00390 0.2032
-30 126.6 78.20 2.307 3.361 86.52 0.00779 0.2013
-25 139.5 77.34 2.547 5.072 86.70 0.01168 0.1995
-20 153.3 76.44 2.808 6.806 86.86 0.01556 0.1976
-15 168.1 75.52 3.092 8.563 86.98 0.01946 0.1958
-10 184.0 7457 3.402 10.34 87.06 0.02335 0.1940
-5 201.0 73.58 3.739 12.15 87.11 0.02726 0.1921
0 219.1 72.55 4.106 13.99 87.11 0.03119 0.1903
5 2384 71.49 4.508 15.87 87.07 0.03513 0.1884
10 258.9 70.38 4.948 17.77 86.97 0.03910 0.1864
15 280.8 69.22 5.431 19.72 86.81 0.04310 0.1844
20 303.9 68.00 5.963 21.71 86.59 0.04715 0.1824
25 328.5 66.72 6.551 23.76 86.28 0.05124 0.1802
30 354.6 65.36 7.206 25.86 85.89 0.05541 0.1780
35 382.1 63.92 7.940 28.03 85.39 0.05966 0.1756
40 411.3 62.36 8.769 30.28 84.75 0.06402 0.1730
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NATIONAL
R-123 and R-124

Technical

Guidelines
Physical Properties of Refrigerants R-123 R-124 Available in the
Environmental Classification HCFC HCFC following sizes:
Molecular Weight 152.9 136.5
Boiling Point (1 atm, F 82.1 10.3 R-123
oiling Point (1 atm, F) : : 100R123 100 Ib drum
Critical Pressure (psia) 531.1 5271 200R123 200 Ib drum
Critical Temperature (F) 362.6 252.5 ‘13?85;?33 35? Ib drlwg .
L. . 2 1ON cylinaer
Critical Density (Ib./ft"3) 34.3 34.6 2200R123 1 ton cylinder*
Liquid Density (70 F, Ib./ftA3) 91.95 85.5
Vapor Density (bp, Ib./ftA3) 0.404 0.419 R-124
Heat of Vaporization (bp, BTU/Ib.) 73.2 70.6 30R124 30 b cylinder
. o 125R12 125 Ib cylinder*
Specific Heat Liquid (70 F, BTU/Ib. F) 0.2329 0.265 2000R124 ton cylinder*
Specific Heat Vapor (1 atm, 70 F, BTU/Ib. F) | 0.1645 (sat) 0.1762
Ozone Depletion Potential (CFC 11 = 1.0) 0.0015 0.03
Global Warming Potential (CO2 = 1.0) 76 599
ASHRAE Standard 34 Safety Rating B1 A1 *Deposit Requried
Pressure-Temp Chart
Temp R-123 R-124
R-123 (F) (psig) (psig)
Replaced R-11 in low pressure centrifugal chillers. New R-123 fg g;ﬁ ;ﬁ:;
equipment has been engineered with the correct materials of -10 26.9 12.0
construction and sized properly for the intended job. Retrofitting -g gg-g Z‘S
existing R-11 chillers to R-123 may require replacement seals, 5 252 29
gaskets and other system components to obtain the correct 10 245 0.6
operating conditions and prevent leakage. 15 238 16
20 228 35
D . . 25 21.8 57
Applications: Large, low-pressure centrifugal chillers. 30 207 8.1
35 19.5 10.5
Retrofitting: for R-11 chillers. Retrofit jobs are typically done with 40 18.1 132
the help of OEMS o e e
e help . 50 14.9 19.2
55 13.0 226
- 60 11.2 26.3
w . . . . . . 65 89 30.2
Applications: used in retrofit blends, primarily R-12 alternatives, 70 6.5 34.4
High ambient air conditioning 75 4.1 38.9
80 1.2 437
" . , 85 09 4838
Retrofitting: to replace R-114 — consult equipment manufacturer’s ) 25 542
recommendations. 95 4.3 60.0
100 6.1 66.1
105 8.1 726
110 10.3 795
115 12,6 86.8
120 15.1 %45
125 17.8 103
130 206 111
135 236 120
140 26.8 130
145 302 140
150 339 150
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THERMODYNAMIC PROPERTIES OF R-123

Temp | Pressure| Density (L) Density (V) | Enthalpy (L) Enthalpy (V) | Entropy (L) Entropy (V)
[F] [psia] [Ib/ft"3] [lb/ft"3] [Btu/Ib] [Btu/Ib] [Btu/R-Ib] [Btu/R-Ib]
-20 1.0 99.54 0.03413 4,558 87.35 0.01061 0.1989
-15 1.2 99.14 0.03978 5.706 88.05 0.01320 0.1984
-10 14 98.73 0.04618 6.857 88.75 0.01578 0.1979
-5 1.7 98.33 0.05339 8.012 89.46 0.01833 0.1975

0 2.0 97.92 0.06149 9.170 90.16 0.02086 0.1971

5 2.3 97.51 0.07055 10.33 90.87 0.02337 0.1967
10 26 97.10 0.08067 11.50 91.58 0.02587 0.1964
15 3.0 96.69 0.09192 12.67 92.29 0.02834 0.1961
20 35 96.28 0.1044 13.84 93.01 0.03080 0.1958
25 4.0 95.86 0.1182 15.02 93.72 0.03324 0.1956
30 45 95.44 0.1334 16.20 94.44 0.03566 0.1954
35 5.1 95.02 0.1502 17.38 95.16 0.03806 0.1953
40 5.8 94.60 0.1686 18.57 95.88 0.04045 0.1952
45 6.5 94.17 0.1887 19.76 96.60 0.04282 0.1951
50 7.3 93.74 0.2106 20.96 97.32 0.04518 0.1950
55 8.2 93.31 0.2346 22.16 98.04 0.04752 0.1950
60 9.2 92.88 0.2606 23.36 98.76 0.04984 0.1949
65 10.3 92.44 0.2889 24.57 99.48 0.05215 0.1949
70 114 92.01 0.3195 25.78 100.2 0.05444 0.1949
75 12.7 91.56 0.3526 27.00 100.9 0.05673 0.1950
80 14.1 91.12 0.3883 28.22 101.6 0.05899 0.1950
85 15.6 90.67 0.4268 29.44 102.4 0.06124 0.1951
0 17.2 90.22 0.4682 30.67 103.1 0.06348 0.1952
95 18.9 89.77 0.5128 31.90 103.8 0.06571 0.1953
100 20.8 89.31 0.5605 33.14 104.5 0.06792 0.1955
105 22.8 88.85 0.6117 34.38 105.2 0.07012 0.1956
110 25.0 88.39 0.6664 35.63 106.0 0.07231 0.1958
115 27.3 87.92 0.7249 36.88 106.7 0.07449 0.1959
120 29.8 87.45 0.7874 38.13 107.4 0.07665 0.1961
125 324 86.98 0.8540 39.39 108.1 0.07881 0.1963
130 35.3 86.50 0.9249 40.66 108.8 0.08095 0.1965
135 38.3 86.01 1.000 41.93 109.5 0.08308 0.1967
140 41.5 85.52 1.081 43.20 110.2 0.08520 0.1969
145 44.9 85.03 1.166 44.48 110.9 0.08732 0.1972
150 48.5 84.53 1.256 45.76 111.6 0.08942 0.1974
155 52.3 84.03 1.353 47.05 112.3 0.09151 0.1976
160 56.4 83.52 1.454 48.35 113.0 0.09359 0.1979
165 60.7 83.01 1.562 49.65 113.7 0.09567 0.1981
170 65.2 82.49 1.676 50.95 114.3 0.09773 0.1984
175 70.0 81.96 1.797 52.27 115.0 0.09979 0.1987
180 75.0 81.43 1.925 53.58 115.7 0.1018 0.1989
185 80.3 80.89 2.060 54.91 116.3 0.1039 0.1992
190 85.9 80.34 2.203 56.24 117.0 0.1059 0.1995
195 91.7 79.79 2.354 57.57 117.7 0.1079 0.1997
200 97.9 79.23 2.513 58.92 118.3 0.1100 0.2000
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THERMODYNAMIC PROPERTIES OF R-124

Temp | Pressure| Density (L) Density (V) | Enthalpy (L) Enthalpy (V) | Entropy (L) Entropy (V)
[F] [psia] [Ib/ft"3] [lb/ft"3] [Btu/Ib] [Btu/Ib] [Btu/R-Ib] [Btu/R-Ib]
-40 3.8 97.03 0.1181 0 76.75 0 0.1829
-35 45 96.55 0.1359 1.222 77.46 0.00289 0.1824
-30 5.2 96.06 0.1557 2.449 7817 0.00576 0.1820
-25 5.9 95.57 0.1779 3.681 78.88 0.00861 0.1816
-20 6.8 95.08 0.2024 4918 79.59 0.01143 0.1813
-15 7.8 94.58 0.2295 6.159 80.30 0.01424 0.1810
-10 8.9 94.08 0.2594 7.406 81.01 0.01702 0.1807

-5 10.1 93.57 0.2924 8.657 81.72 0.01978 0.1805

0 114 93.06 0.3285 9.914 82.43 0.02253 0.1803

5 12.9 92.55 0.3680 11.18 83.14 0.02525 0.1801
10 14.5 92.04 0.4112 12.44 83.84 0.02796 0.1800
15 16.3 91.52 0.4583 13.72 84.55 0.03065 0.1799
20 18.3 90.99 0.5095 15.00 85.25 0.03332 0.1798
25 20.4 90.46 0.5651 16.28 85.95 0.03597 0.1797
30 227 89.93 0.6253 17.57 86.65 0.03861 0.1797
35 25.2 89.39 0.6904 18.87 87.35 0.04124 0.1797
40 27.9 88.84 0.7608 20.17 88.05 0.04385 0.1797
45 30.8 88.29 0.8366 21.48 88.74 0.04644 0.1797
50 34.0 87.73 0.9183 22.80 89.43 0.04902 0.1798
55 374 87.17 1.006 24.12 90.11 0.05159 0.1798
60 41.0 86.60 1.100 25.45 90.79 0.05415 0.1799
65 44.9 86.03 1.202 26.79 91.47 0.05669 0.1800
70 491 85.44 1.310 28.13 92.14 0.05922 0.1801
75 53.6 84.85 1.426 29.48 92.81 0.06174 0.1802
80 58.4 84.25 1.551 30.84 93.47 0.06425 0.1803
85 63.5 83.65 1.683 32.21 94.13 0.06676 0.1804
90 69.0 83.03 1.825 33.58 94.78 0.06925 0.1806
95 74.8 82.41 1.977 34.97 9542 0.07173 0.1807
100 80.9 81.77 2.139 36.36 96.06 0.07420 0.1809
105 87.4 81.13 2.311 37.76 96.69 0.07667 0.1810
110 94.3 80.48 2.495 39.17 97.31 0.07913 0.1812
115 101.6 79.81 2.691 40.59 97.92 0.08158 0.1813
120 109.3 79.13 2.900 42.02 98.53 0.08403 0.1815
125 117.5 78.44 3.123 43.46 99.12 0.08648 0.1817
130 126.0 77.73 3.360 44,92 99.70 0.08892 0.1818
135 135.1 77.01 3.614 46.38 100.3 0.09135 0.1820
140 144.6 76.28 3.884 47.86 100.8 0.09379 0.1821
145 154.6 75.52 4172 49.35 101.4 0.09622 0.1823
150 165.1 74.75 4.480 50.85 101.9 0.09866 0.1824
155 176.2 73.96 4.809 52.37 102.4 0.1011 0.1825
160 187.7 73.14 5.161 53.91 102.9 0.1035 0.1826
165 199.9 72.30 5.538 55.46 103.4 0.1060 0.1827
170 212.6 71.44 5.942 57.03 103.8 0.1084 0.1828
175 225.9 70.54 6.377 58.62 104.3 0.1109 0.1828
180 239.8 69.61 6.845 60.23 104.7 0.1134 0.1828
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R-134a Guidelines
Physical Properties of Refrigerants R-134a Available in the
Environmental Classification HFC following sizes:
Molecular Weight 102.3
Boiling Point (1 atm, F) -14.9 R-134a
Critical Pressure (psia) 588.3 012R134a 12 oz cans
Critical Temperature (F) 213.8 30R134a 30 Ib cylinder
Critical Density (Ib./ftA3) 32.0 A30R134a 30 Ib auto AC
Liquid Density (70 F, Ib./ftA3) 76.2 fg?&?gja ?ggt}bcf;,ﬂgg;r*
Vapor Density (bp, Ib./ft"3) 0.328 1000R134a ¥ ton cylinder*
Heat of Vaporization (bp, BTU/Ib.) 93.3 2000R134a ton cylinder*
Specific Heat Liquid (70 F, BTU/Ib. F) 0.3366
Specific Heat Vapor (1 atm, 70 F, BTU/Ib. F) 0.2021
Ozone Depletion Potential (CFC 11 = 1.0) 0
Global Warming Potential (CO2 = 1.0) 1320
ASHRAE Standard 34 Safety Rating A1 *Deposit Required
Pressure-Temp Chart
A long-term, HFC alternative with similar properties to R-12. It has T?;;p szl?gf‘
become the new industry standard refrigerant for automotive air 40 14.8
conditioning and refrigerator/freezer appliances. P 9
-25 6.9
R-134a refrigerating performance will suffer at lower temperatures fg g;
(below —10 F). Some traditional R-12 applications have used alternatives -10 19
other than 134a for lower temperatures. 5 pa
5 9.1
R-134a requires polyol ester (POE) lubrincants. Traditional mineral oils 12 1;3
and alkylbenzenes do not mix with HFC refrigerants and their use with 20 18.4
134a may cause operation problems or compressor failures. In addition, §8 ;21
automotive AC systems may use polyalkaline glycols (PAGs), which are 35 304
typically not seen in stationary equipment. - e
50 45.5
Both POEs and PAGs will absorb moisture, and hold onto it, to a much 55 513
greater extent than traditional lubricants. The moisture will promote 22 Zj?

reactions in the lubricant as well as the usual problems associated with
water (corrosion, acid formation). The best way to dry a wet HFC system
is to rely on the filter drier. Deep vaccuum will remove “free” water, but
not the water that has absorbed into the lubricant.

R-134a

Applications: Appliances, refrigeration (commercial and self-contained
equipment), centrifugal chillers and automotive air conditioning.

Retrofitting: for R-12 page 87

145
150

7.2
78.8
86.8
95.4
104
114
124
135
147
159
171
185
199
214
229
246
263
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THERMODYNAMIC PROPERTIES OF R-134a

Temp | Pressure| Density (L) Density (V) | Enthalpy (L) Enthalpy (V) | Entropy (L) Entropy (V)
[F] [psia] [Ib/ft"3] [Ib/ft"3] [Btu/lb] [Btu/Ib] [Btu/R-Ib] [Btu/R-Ib]
-60 4.0 90.49 0.09689 -5.957 94.13 -0.01452 0.2359
-55 47 90.00 0.1127 -4.476 94.89 -0.01085 0.2347
-50 55 89.50 0.1305 -2.989 95.65 -0.00720 0.2336
-45 6.4 89.00 0.1505 -1.498 96.41 -0.00358 0.2325
-40 74 88.50 0.1729 0.000 97.17 0.00000 0.2315
-35 8.6 88.00 0.1978 1.503 97.92 0.00356 0.2306
-30 9.9 87.49 0.2256 3.013 98.68 0.00708 0.2297
-25 11.3 86.98 0.2563 4.529 99.43 0.01058 0.2289
-20 12.9 86.47 0.2903 6.051 100.2 0.01406 0.2282
-15 15.3 85.95 0.3277 7.580 100.9 0.01751 0.2274
-10 16.6 85.43 0.3689 9.115 101.7 0.02093 0.2268

-5 18.8 84.90 0.4140 10.66 102.4 0.02433 0.2262

0 21.2 84.37 0.4634 12.21 103.2 0.02771 0.2256

5 23.8 83.83 0.5173 13.76 103.9 0.03107 0.2250
10 26.6 83.29 0.5761 15.33 104.6 0.03440 0.2245
15 29.7 82.74 0.6401 16.90 105.3 0.03772 0.2240
20 331 82.19 0.7095 18.48 106.1 0.04101 0.2236
25 36.8 81.63 0.7848 20.07 106.8 0.04429 0.2232
30 40.8 81.06 0.8663 21.67 107.5 0.04755 0.2228
35 451 80.49 0.9544 23.27 108.2 0.05079 0.2224
40 49.7 79.90 1.050 24.89 108.9 0.05402 0.2221
45 54.8 79.32 1.152 26.51 109.5 0.05724 0.2217
50 60.2 78.72 1.263 28.15 110.2 0.06044 0.2214
55 65.9 78.11 1.382 29.80 110.9 0.06362 0.2212
60 72.2 77.50 1.510 31.45 111.5 0.06680 0.2209
65 78.8 76.87 1.647 33.12 112.2 0.06996 0.2206
70 85.8 76.24 1.795 34.80 112.8 0.07311 0.2204
75 93.5 75.59 1.953 36.49 113.4 0.07626 0.2201
80 101.4 74.94 2123 38.20 114.0 0.07939 0.2199
85 109.9 74.27 2.305 39.91 114.6 0.08252 0.2197
90 119.0 73.58 2.501 41.65 115.2 0.08565 0.2194
95 128.6 72.88 2.710 43.39 115.7 0.08877 0.2192
100 138.9 7217 2.935 4515 116.3 0.09188 0.2190
105 149.7 71.44 3.176 46.93 116.8 0.09500 0.2187
110 161.1 70.69 3.435 48.73 117.3 0.09811 0.2185
115 173.1 69.93 3.713 50.55 117.8 0.1012 0.2183
120 185.9 69.14 4.012 52.38 118.3 0.1044 0.2180
125 199.3 68.32 4,333 54.24 118.7 0.1075 0.2177
130 2134 67.49 4.679 56.12 119.1 0.1106 0.2174
135 228.3 66.62 5.052 58.02 119.5 0.1138 0.2171
140 2439 65.73 5.455 59.95 119.8 0.1169 0.2167
145 260.4 64.80 5.892 61.92 120.1 0.1201 0.2163
150 277.6 63.83 6.366 63.91 120.4 0.1233 0.2159
155 295.7 62.82 6.882 65.94 120.6 0.1265 0.2154
160 314.7 61.76 7.447 68.00 120.7 0.1298 0.2149
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R-401A and R-401B Guidelines

Physical Properties of Refrigerants R-401A R-401B Available in the
Environmental Classification HCFC HCFC following sizes:
Molecular Weight 94.4 92.8
Boiling Point (1 atm, F 29.9 32.3 R-401A
oiling Point (1 atm, F) -29. -32. 30R401A 30 Ib cylinder
Critical Pressure (psia) 669 679.1 125R401A 125 Ib cylinder*
Critical Temperature (F) 221 218.3 1700R401A 1 ton cylinder*
Critical Density (Ib./ft"3 30.9 31.1
e o Fl)f’\ . . R-401B
Vapor Density (bp, Ib./ft"3) 0.306 0.303 125R401B 125 Ib cylinder*
Heat of Vaporization (bp, BTU/Ib.) 97.5 98.2
Specific Heat Liquid (70 F, BTU/Ib. F) 0.3037 0.3027
Specific Heat Vapor (1 atm, 70 F, BTU/Ib. F) 0.1755 0.1725
Ozone Depletion Potential (CFC 11 = 1.0) 0.037 0.039
Global Warming Potential (CO2 = 1.0) 1163 1267
ASHRAE Standard 34 Safety Rating A1 A1 *Deposit Required
Temperature Glide (F) (see section II) 8 8
Pressure-Temp Chart
- _ R-401A R-401B
R 401 A (R 22/1 528/1 24) Temp Liquid Vapor Liquid Vapor
(53 /13 /34 wt%) (F) (psig) | (psig) | (psig) | (psig)
A blend of R-22, R-152a and R-124 intended for P R o
retrofitting R-12 systems. The pressure and system -30 17 7.9 02 6.1
capacity match R-12 when the blend is running an = Woooas 2 28
average evaporator temperature of 10F to 20F. -15 5.2 12 6.6 25
-10 7.7 3.3 9.2 4.7
. . . ) . . ] -5 10.3 55 12.0 71
Applications: direct expansion refrigeration, R-12 air g 12; 1%07 121 19276
conditioning, R-500 systems. 10 197 137 | 20 158
15 234 16.9 259 19.2
iy 20 274 204 30.1 23.0
Retrofitting: for R-12 page 88 25 317 242 | 346 270
for R_SOO page 92 30 36.4 28.3 395 314
35 413 328 44.8 36.1
40 46.6 37.6 50.4 411
45 524 42.7 56.4 46.6
R-401B (R-22/152a/124) 50 58.5 482 | 628 524
(61/11/28 wt%) 55 65.0 54.1 696 587
Similar tto R-401A except higher in R-22 content. This 22 ;;2 23‘2‘ ﬁj? 32‘5‘
blend has higher capacity at lower temperatures (matches ;g ggl ;‘2“1‘ ‘%29 gg;
R-12 at —20F), and also provides a closer match to R-500 80 104 90.2 11 968
at air conditioning temperatures. 85 114 98.9 121 106
90 123 108 131 116
95 134 118 142 126
Applications: Lower temperature R-12 refrigeration, 100 145 128 153 137
. . . . 105 156 139 166 148
transport refrigeration, R-12 and R-500 direct expansion 110 169 151 178 160
H T H 115 181 163 192 173
air conditioning. 1o o5 s 06 i
125 209 189 220 201
¥y . 130 224 203 236 216
Retrofitting: for R-12 page 88 s ot e | o 231
for R-500 page 92 140 255 234 269 248
145 272 250 287 265
150 290 267 305 283
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THERMODYNAMIC PROPERTIES OF R-401A

Temp | Pressure Pressure| Density Density Enthalpy Enthalpy Entropy Entropy
Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor

[F] [psia] [psia] [Ib/ftA3] [Ib/ftA3] [Btu/lb] [Btu/lb] [Btu/R-Ib] [Btu/R-Ib]
-60 6.5 47 88.18 0.1049 -5.371 94.93 -0.01309 0.2418
-55 7.5 55 87.71 0.1215 -4.035 95.60 -0.00977 0.2402
-50 8.7 6.4 87.24 0.1401 -2.694 96.26 -0.00648 0.2386
-45 9.9 74 86.77 0.1610 -1.350 96.93 -0.00323 0.2372
-40 114 8.6 86.29 0.1842 0.000 97.59 0.00000 0.2358
-35 12.9 9.9 85.82 0.2101 1.354 98.25 0.00320 0.2345
-30 14.7 11.3 85.33 0.2386 2.714 98.91 0.00637 0.2333
-25 16.6 12.9 84.85 0.2701 4.078 99.56 0.00952 0.2321
-20 18.7 14.7 84.36 0.3048 5.449 100.2 0.01265 0.2310
-15 21.0 16.6 83.86 0.3429 6.825 100.9 0.01575 0.2299
-10 23.6 18.8 83.37 0.3846 8.207 101.5 0.01882 0.2289
-5 26.4 212 82.86 0.4302 9.595 1021 0.02188 0.2279
0 294 23.8 82.36 0.4799 10.99 102.8 0.02492 0.2269
5 32.7 26.6 81.84 0.5340 12.39 1034 0.02793 0.2261
10 36.2 29.7 81.33 0.5927 13.80 104.0 0.03093 0.2252
15 40.1 33.1 80.80 0.6563 15.21 104.6 0.03391 0.2244
20 442 36.7 80.27 0.7251 16.64 105.2 0.03687 0.2236
25 48.7 40.7 79.74 0.7995 18.07 105.8 0.03982 0.2229
30 535 450 79.20 0.8798 19.51 106.4 0.04275 0.2221
35 58.6 49.6 78.65 0.9662 20.95 107.0 0.04566 0.2214
40 64.2 54.6 78.10 1.059 22.41 107.6 0.04857 0.2208
45 70.1 59.9 77.54 1.159 23.88 108.2 0.05145 0.2201
50 76.4 65.6 76.97 1.267 25.35 108.7 0.05433 0.2195
55 83.1 71.8 76.39 1.382 26.83 109.3 0.05720 0.2189
60 90.2 78.3 75.81 1.505 28.33 109.8 0.06005 0.2183
65 97.8 85.3 75.21 1.637 29.83 110.4 0.06290 0.2178
70 105.9 92.8 74.61 1.779 31.35 110.9 0.06573 0.2172
75 114.5 100.7 74.00 1.930 32.87 1114 0.06856 0.2167
80 123.5 109.2 73.37 2.092 34.41 111.9 0.07138 0.2162
85 133.1 118.1 72.74 2.265 35.96 112.4 0.07420 0.2156
90 143.2 127.6 72.09 2.449 37.52 112.8 0.07701 0.2151
95 153.9 137.7 71.43 2.647 39.10 113.3 0.07981 0.2146
100 165.2 148.3 70.76 2.858 40.69 113.7 0.08261 0.2141
105 177.0 159.6 70.08 3.083 42.30 1141 0.08541 0.2136
110 189.5 1714 69.38 3.324 43.92 114.5 0.08822 0.2131
115 202.6 183.9 68.66 3.581 45.56 114.9 0.09102 0.2126
120 216.3 1971 67.93 3.857 47.21 115.2 0.09382 0.2120
125 230.7 211.0 67.17 4152 48.89 115.6 0.09663 0.2115
130 245.8 225.6 66.40 4.468 50.58 115.9 0.09945 0.2110
135 261.7 240.9 65.60 4.807 52.30 116.2 0.1023 0.2104
140 278.2 257.1 64.77 5171 54.04 116.4 0.1051 0.2098
145 2955 274.0 63.92 5.564 55.81 116.6 0.1080 0.2092
150 313.6 291.7 63.04 5.987 57.61 116.8 0.1108 0.2085
155 332.6 310.3 62.12 6.444 59.43 116.9 0.1137 0.2078
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Guidelines
THERMODYNAMIC PROPERTIES OF R-401B

Temp | Pressure Pressure| Density Density Enthalpy Enthalpy Entropy Entropy
Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor

[F] [psia] [psia] [Ib/ft"3] [Ib/ft"3] [Btu/lb] [Btu/lb] [Btu/R-Ib] [Btu/R-Ib]
-60 6.9 52 88.34 0.1145 -5.346 95.56 -0.01302 0.2430
-55 8.0 6.1 87.87 0.1324 -4.016 96.21 -0.00972 0.2414
-50 9.2 71 87.40 0.1524 -2.681 96.86 -0.00645 0.2398
-45 10.6 8.2 86.92 0.1748 -1.343 97.51 -0.00321 0.2383
-40 12.1 94 86.44 0.1997 0.000 98.16 0.00000 0.2369
-35 13.7 10.8 85.96 0.2273 1.348 98.80 0.00318 0.2355
-30 15.6 124 85.47 0.2577 2.701 99.44 0.00634 0.2343
-25 17.6 14.1 84.98 0.2914 4,059 100.1 0.00947 0.2330
-20 19.8 16.0 84.48 0.3283 5.422 100.7 0.01258 0.2318
-15 223 18.1 83.99 0.3688 6.791 101.3 0.01567 0.2307
-10 25.0 20.5 83.48 0.4131 8.166 102.0 0.01873 0.2296
-5 27.9 23.0 82.97 0.4614 9.548 102.6 0.02177 0.2286
0 31.1 25.8 82.46 0.514 10.94 103.2 0.02479 0.2276
5 34.5 28.9 81.94 0.5713 12.33 103.8 0.02779 0.2267
10 38.3 32.2 81.42 0.6333 13.73 104.4 0.03077 0.2258
15 42.3 35.8 80.89 0.7005 15.14 105.0 0.03374 0.2249
20 46.7 39.7 80.35 0.7732 16.56 105.6 0.03669 0.2241
25 514 43.9 79.81 0.8516 17.98 106.2 0.03962 0.2233
30 56.4 48.5 79.26 0.9362 19.42 106.7 0.04253 0.2225
35 61.8 534 78.71 1.027 20.86 107.3 0.04544 0.2218
40 67.6 58.7 78.15 1.125 22.31 107.8 0.04832 0.2211
45 73.8 64.4 77.58 1.23 23.76 108.4 0.05120 0.2204
50 80.4 70.5 77.00 1.343 25.23 108.9 0.05406 0.2197
55 87.5 77.0 76.42 1.464 26.71 109.5 0.05692 0.2190
60 95.0 84.0 75.82 1.594 28.20 110.0 0.05976 0.2184
65 102.9 914 75.22 1.732 29.70 110.5 0.06259 0.2178
70 111 99.3 74.61 1.881 31.21 111.0 0.06542 0.2172
75 120 108 73.99 2.039 32.73 111.4 0.06824 0.2166
80 130 117 73.36 2.209 34.26 111.9 0.07105 0.2160
85 140 126 72.71 2.39 35.81 112.4 0.07385 0.2154
a0 150 136 72.06 2.584 37.37 112.8 0.07665 0.2149
95 162 147 71.39 2.791 38.94 113.2 0.07945 0.2143
100 173 158 70.70 3.012 40.53 113.6 0.08224 0.2137
105 186 170 70.01 3.248 4213 114.0 0.08504 0.2131
110 199 182 69.29 3.501 43.75 114.3 0.08783 0.2126
115 212 195 68.56 3.771 45.39 114.7 0.09063 0.2120
120 227 209 67.81 4.06 47.05 115.0 0.09343 0.2114
125 242 224 67.04 4.369 48.72 115.3 0.09624 0.2108
130 258 239 66.25 4,701 50.42 115.5 0.09905 0.2102
135 274 255 65.44 5.058 52.14 115.8 0.1019 0.2095
140 291 272 64.59 5.441 53.88 116.0 0.1047 0.2089
145 309 290 63.72 5.854 55.66 116.1 0.1076 0.2082
150 328 309 62.81 6.3 57.46 116.3 0.1105 0.2074
155 348 328 61.87 6.783 59.30 116.3 0.1134 0.2067
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R-402A and R-402B Guidelines

Physical Properties of Refrigerants R-402A R-402B Available in the
Environmental Classification HCFC HCFC following sizes:
Molecular Weight 101.6 94.7 R-402A
Boiling Point (1 atm, F) -56.5 -52.9 27RA02A 27 Ib cylinder
Critical Pressure (psia) 600 645 110R402A 110 Ib cylinder*
Critical Temperature (F) 168 180.7
Critical Density (Ib./ftA3) 33.8 33.1 R-402B .
Liquid Density (70 F, Ib./ft"3) 72.61 72.81 13R402B 13 b cylinder
Vapor Density (bp, Ib./ft"3) 0.356 0.328
Heat of Vaporization (bp, BTU/Ib.) 83.58 90.42
Specific Heat Liquid (70 F, BTU/Ib. F) 0.3254 0.317
Specific Heat Vapor (1 atm, 70 F, BTU/Ib. F) 0.1811 0.1741
Ozone Depletion Potential (CFC 11 = 1.0) 0.019 0.03
Global Warming Potential (CO2 = 1.0) 2746 2379
ASHRAE Standard 34 Safety Rating A1 A1 *Deposit Required
Temperature Glide (see section Il) 2.5 2.5 Pressure-Temp Chart
Temp R402A R402B
R-402A (R-125/290/22) (Z()) (%Sig) (”33‘5)
(60 /2 /38 wt%) -35 9.1 60
-30 121 9.0
. -25 15.4 12.0
A blend of R-22 and R-125 with hydrocarbon R-290 (propane) added 20 189 154
to improve mineral oil circulation. This blend is formulated to match -15 229 18.6
. . . -10 271 22.6
R-502 evaporator pressures, yet it has higher discharge pressure 5 317 270
than 502. Although the propane helps with oil return, it is still 0 36.7 31.0
. . . 5 421 36.0
recommended that some mineral oil be replaced with alkylbenzene. 10 480 420
15 54.2 47.0
H H . : ' 20 60.9 54.0
Applications: Low temperature (R-502) refrigeration v o 0.0
30 75.8 67.0
v . 35 84.0 75.0
Retrofitting: for R-502 page 93 s 98 834
45 102 91.6
R-402B  (R-125/290/22) o O I
(38/2/60 wt%) 60 134 120
65 146 133
L. . . . 70 158 143
Similar to R-402A, but with less R-125 and more R-22. This blend will 75 171 155
generate higher discharge temperatures, which makes it work o Jo N I
particularly well in ice machines. 90 215 198
95 232 213
L . 100 249 230
Applications: Ice machines (R-502) 105 267 247
110 286 262
. 115 305 283
Retrofitting: for R-502 page 93 120 326 303
125 347 323
130 370 345
135 393 -
140 418
145 443
150 470
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THERMODYNAMIC PROPERTIES OF R-402A

Temp | Pressure Pressure| Density Density Enthalpy Enthalpy Entropy Entropy
Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor

[F] [psia] [psia] [Ib/ft"3] [Ib/ft"3] [Btu/lb] [Btu/lb] [Btu/R-Ib] [Btu/R-lb]
-60 134 12.0 89.70 0.2946 -5.410 78.16 -0.01316 0.1968
-55 15.3 13.8 89.14 0.3355 -4.067 78.80 -0.00983 0.1958
-50 174 15.8 88.58 0.3807 -2.718 79.45 -0.00653 0.1948
-45 19.8 18.0 88.01 0.4305 -1.362 80.09 -0.00325 0.1939
-40 22.3 20.5 87.44 0.4854 0.000 80.73 0.00000 0.1931
-35 25.2 23.2 86.86 0.5455 1.369 81.37 0.00323 0.1923
-30 28.3 26.1 86.28 0.6113 2.746 82.00 0.00644 0.1915
-25 31.7 29.4 85.69 0.6832 4130 82.62 0.00962 0.1908
-20 354 329 85.09 0.7615 5.522 83.24 0.01279 0.1901
-15 39.4 36.8 84.48 0.8467 6.923 83.85 0.01594 0.1895
-10 43.8 41.0 83.87 0.9392 8.331 84.46 0.01906 0.1889
-5 48.6 45.6 83.25 1.039 9.749 85.06 0.02218 0.1883
0 53.7 50.6 82.62 1.148 11.18 85.65 0.02527 0.1878
5 59.2 56.0 81.99 1.265 12.61 86.23 0.02835 0.1873
10 65.2 61.7 81.34 1.392 14.06 86.81 0.03142 0.1868
15 71.6 68.0 80.68 1.528 15.52 87.37 0.03448 0.1863
20 78.4 74.7 80.02 1.675 16.98 87.93 0.03752 0.1858
25 85.8 81.8 79.34 1.834 18.46 88.48 0.04055 0.1854
30 93.6 89.5 78.65 2.004 19.95 89.01 0.04357 0.1850
35 102.0 97.7 77.95 2.187 21.46 89.53 0.04659 0.1846
40 110.9 106.4 77.24 2.383 22.97 90.05 0.04959 0.1842
45 120.3 115.8 76.51 2.595 24.50 90.54 0.05259 0.1838
50 130.4 125.7 75.76 2.821 26.04 91.02 0.05559 0.1834
55 1411 136.2 75.00 3.065 27.60 91.49 0.05858 0.1830
60 152.4 147.4 74.23 3.326 29.18 91.94 0.06157 0.1826
65 164.4 159.2 73.43 3.607 30.77 92.37 0.06456 0.1822
70 177.1 171.8 72.61 3.909 32.38 92.78 0.06755 0.1818
75 190.5 185.0 71.78 4.233 34.00 93.17 0.07054 0.1814
80 204.6 199.0 70.91 4,583 35.65 93.54 0.07354 0.1810
85 219.5 213.8 70.02 4,959 37.32 93.88 0.07654 0.1806
90 2351 229.3 69.10 5.366 39.01 94.19 0.07956 0.1801
95 251.6 2457 68.15 5.805 40.73 94.47 0.08259 0.1797
100 269.0 263.0 67.17 6.281 42.48 94.71 0.08564 0.1791
105 287.2 281.1 66.14 6.799 4425 94.91 0.08871 0.1786
110 306.3 300.2 65.06 7.362 46.07 95.07 0.09181 0.1780
115 326.4 320.2 63.93 7.979 47.92 95.18 0.09494 01773
120 3474 341.3 62.74 8.658 49.81 95.22 0.09812 0.1766
125 369.5 363.3 61.48 9.408 51.76 95.20 0.1013 0.1758
130 392.6 386.5 60.13 10.25 53.76 95.09 0.1046 0.1748
135 416.9 410.8 58.67 11.19 55.84 94.88 0.1080 0.1738
140 4422 436.3 57.07 12.26 58.01 94.55 0.1115 0.1725
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THERMODYNAMIC PROPERTIES OF R-402B

Temp | Pressure Pressure| Density Density Enthalpy Enthalpy Entropy Entropy
Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor

[F] [psia] [psia] [Ib/ft"3] [Ib/ft"3] [Btu/lb] [Btu/Ib] [Btu/R-Ib] [Btu/R-lb]
-60 12.2 10.8 88.76 0.2454 -5.366 85.51 -0.01306 0.2154
-55 13.9 124 88.23 0.2798 -4.033 86.14 -0.00975 0.2141
-50 15.9 14.2 87.70 0.3178 -2.694 86.76 -0.00647 0.2129
-45 18.0 16.2 87.16 0.3598 -1.350 87.38 -0.00322 0.2117
-40 204 18.5 86.62 0.4061 0.000 87.99 0.00000 0.2106
-35 23.0 20.9 86.07 0.4568 1.356 88.61 0.00320 0.2095
-30 25.9 23.6 85.52 0.5124 2.719 89.21 0.00638 0.2085
-25 29.1 26.6 84.96 0.5731 4,089 89.81 0.00953 0.2075
-20 32.5 29.9 84.40 0.6392 5.466 90.40 0.01266 0.2066
-15 36.2 334 83.83 0.7112 6.850 90.99 0.01577 0.2057
-10 40.3 37.3 83.25 0.7894 8.242 91.57 0.01887 0.2049
-5 4.7 41.5 82.67 0.8742 9.643 92.15 0.02194 0.2041
0 49.5 46.1 82.08 0.9659 11.05 92.71 0.02500 0.2033
5 547 51.1 81.48 1.065 12.47 93.27 0.02804 0.2025
10 60.2 56.4 80.88 1.172 13.89 93.82 0.03107 0.2018
15 66.2 62.2 80.26 1.287 15.33 94.36 0.03408 0.2011
20 72.6 68.3 79.64 1.412 16.78 94.89 0.03708 0.2005
25 79.4 75.0 79.01 1.545 18.23 95.41 0.04006 0.1998
30 86.7 82.1 78.37 1.689 19.70 95.92 0.04304 0.1992
35 94.6 89.7 77.72 1.843 21.18 96.42 0.04600 0.1986
40 102.9 97.8 77.05 2.008 22.67 96.91 0.04896 0.1980
45 111.8 106.5 76.38 2.186 2417 97.38 0.05191 0.1974
50 121.2 115.7 75.69 2.376 25.68 97.84 0.05485 0.1968
55 131.2 125.5 74.99 2.580 27.21 98.29 0.05778 0.1963
60 141.9 136.0 74.28 2.798 28.75 98.71 0.06071 0.1957
65 153.1 147.0 73.55 3.032 30.31 99.13 0.06364 0.1952
70 165.0 158.7 72.81 3.283 31.88 99.52 0.06657 0.1946
75 177.6 171.1 72.05 3.552 33.47 99.89 0.06949 0.1940
80 190.8 184.1 71.27 3.840 35.08 100.2 0.07242 0.1935
85 204.8 197.9 70.47 4149 36.70 100.6 0.07535 0.1929
90 219.5 212.5 69.64 4.482 38.35 100.9 0.07828 0.1923
95 235.0 227.8 68.80 4.839 40.01 101.2 0.08123 0.1917
100 251.3 2439 67.92 5.224 41.70 101.4 0.08418 0.1911
105 268.4 260.9 67.02 5.638 43.42 101.6 0.08715 0.1904
110 286.3 278.7 66.08 6.086 45.16 101.8 0.09013 0.1898
115 305.2 297.4 65.11 6.572 46.94 101.9 0.09314 0.1891
120 324.9 317.1 64.09 7.099 48.74 102.0 0.09617 0.1883
125 345.6 337.7 63.03 7.674 50.59 102.1 0.09924 0.1875
130 367.3 359.3 61.91 8.303 52.48 102.1 0.1024 0.1866
135 390.0 382.0 60.73 8.996 54.42 102.0 0.1055 0.1856
140 413.7 405.7 59.47 0.764 56.41 101.8 0.1087 0.1846
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REFRIGERANTS = Guidelines
Physical Properties of Refrigerants R-403B Available in the
Environmental Classification HCFC following sizes:
Molecular Weight 103.25
Boiling Point (1 atm, F) -46.8 R-403B
Cr!t!cal Pressure (psia) 637.7 30R4038 30 Ib cylinder
Critical Temperature (F) 191.6 125R403B 125 Ib cylinder*
Critical Density (Ib./ftA3) 32.9 875R403B 2 ton cylinder”
Liquid Density (70 F, Ib/ft\3) 72.8 1750R403B  ton cylinder
Vapor Density (bp, Ib./ft"3) 0.35
Heat of Vaporization (bp, BTU/Ib.) 82.1
Specific Heat Liquid (70 F, BTU/Ib. F) 0.313
Specific Heat Vapor (1 atm, 70 F, BTU/Ib. F) 0.182
Ozone Depletion Potential (CFC 11 = 1.0) 0.028
Global Warming Potential (CO2 = 1.0) 4386
ASHRAE Standard 34 Safety Rating A1 *Deposit Required
Temperature Glide (F) (see section II) 2 Pressure-Temp Chart
Temp R403B
(F) (psig)
-70 10.5"
R-403B  (R-22/290/218) % 7
(56 /5739 wt%) -55 1.2"
-50 1.3
. -45 33
A blend of R-22 and R-218 with hydrocarbon R-290 (propane) added 40 48
to improve oil circulation. This product was orginally developed as a -35 7.4
. -30 10.1
replacement for R-502, however it has come to be used as an 25 132
alternative for R-13B1 in single stage, low-temperature systems. The -20 16.5
evaporator will operate in a vacuum when the low side temperature is gx o
below —55F. When existing 13B1 systems are retrofitted to R-403B -5 282
the capillary tube must be replaced with a longer/more restrictive size. g 233
10 43.0
Applications: Very low temperature refrigeration (single stage, 13B1) ;g ‘5‘2-;
25 6£4
30 68.4
35 75.9
40 84.8
45 93.3
50 102
55 112
60 122
65 132
70 144
75 156
80 168
85 181
90 195
95 210
100 225
105 242
110 258
115 276
120 295
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THERMODYNAMIC PROPERTIES OF R-403B
Temp | Pressure Pressure Density Density Enthalpy Enthalpy Entropy Entropy
Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor
[F] [psia] [psia] [Ib/ft"3] [Ib/ft"3] [Btu/Ib] [Btu/lb] [Btu/R-Ib] [Btu/R-Ib]
-70 9.7 94 88.22
-65 11.0 10.8 87.65
-60 12.6 12.3 87.07
-55 14.2 14.0 86.50
-50 16.1 15.8 85.92
-45 18.1 17.8 85.35
-40 20.2 19.5 84.77 0.470 4.23 82.89 0.02197 0.2087
-35 22.8 22.1 84.23 0.527 5.52 83.54 0.02501 0.2080
-30 25.6 24.8 83.69 0.590 6.83 84.18 0.02804 0.2073
-25 28.6 27.9 83.14 0.658 8.14 84.82 0.03105 0.2067
-20 32.0 31.2 82.58 0.731 9.46 85.46 0.03405 0.2062
-15 35.6 34.8 82.02 0.812 10.79 86.08 0.03703 0.2056
-10 395 38.7 81.45 0.898 12.13 86.70 0.03999 0.2051
-5 43.8 42.9 80.87 0.992 13.48 87.31 0.04294 0.2046
0 48.4 475 80.29 1.094 14.83 87.91 0.04587 0.2042
5 53.3 524 79.70 1.203 16.20 88.51 0.04880 0.2037
10 58.6 577 79.10 1.321 17.58 89.09 0.05171 0.2033
15 64.4 63.4 78.49 1.448 18.96 89.66 0.05460 0.2029
20 70.5 69.6 77.87 1.584 20.36 90.22 0.05749 0.2025
25 771 76.1 77.25 1.730 21.76 90.78 0.06036 0.2021
30 84.1 83.1 76.61 1.888 23.18 91.31 0.06322 0.2018
35 91.6 90.6 75.96 2.056 24.61 91.84 0.06608 0.2014
40 99.5 98.5 75.30 2.237 26.04 92.35 0.06892 0.2011
45 108.0 107.0 74.63 2431 27.49 92.85 0.07176 0.2007
50 117.0 116.0 73.94 2.638 28.95 93.33 0.07458 0.2004
55 126.6 125.5 73.24 2.860 3043 93.80 0.07740 0.2000
60 136.7 135.6 72.53 3.098 31.91 94.25 0.08022 0.1997
65 147.4 146.3 71.80 3.352 33.41 94.68 0.09303 0.1993
70 158.7 157.6 71.06 3.624 34.92 95.09 0.08583 0.1990
75 170.6 169.5 70.29 3.915 36.45 95.48 0.08863 0.1986
80 183.2 182.1 69.51 4.227 37.99 95.85 0.09143 0.1982
85 196.4 195.3 68.71 4.560 39.55 96.20 0.09423 0.1978
90 2104 209.2 67.89 4918 41.12 96.53 0.09702 0.1974
95 225.0 2239 67.05 5.301 42.71 96.83 0.09982 0.1970
100 2404 239.2 66.18 5711 44 .32 97.10 0.1026 0.1966
105 256.5 255.3 65.29 6.153 45.94 97.34 0.1054 0.1961
110 2734 272.2 64.37 6.627 47.59 97.55 0.1082 0.1956
115 291.0 289.9 63.41 7.138 49.26 97.73 0.1111 0.1951
120 309.5 308.3 62.43 7.689 50.95 97.87 0.1139 0.1946
29 4th Edition 2006

Refrigerant Reference Guide



INATIONAL | Technical
R-404A Guidelines
Physical Properties of Refrigerants R-404A Available in the
Environmental Classification HFC following sizes:

Molecular Weight 97.6

Boiling Point (1 atm, F) 51.8 R-404A

Critical Pressure (psia) 548.2 24R404A 24 Ib cylinder
Critical Temperature (F) 162.5 100R404A 100 Ib cylinder*
Critical Density (Ib./ftA3) 35.84 1300R404A  ton cylinder*
Liquid Density (70 F, Ib./ft"3) 66.37

Vapor Density (bp, Ib./ft"3) 0.342

Heat of Vaporization (bp, BTU/Ib.) 86.1

Specific Heat Liquid (70 F, BTU/Ib. F) 0.3600

Specific Heat Vapor (1 atm, 70 F, BTU/Ib. F) 0.2077

Ozone Depletion Potential (CFC 11 = 1.0) 0

Global Warming Potential (CO2 = 1.0) 3859

ASHRAE Standard 34 Safety Rating A1 *Deposit Required
Temperature Glide (F) (see section Il) 1.5 Pressure-Temp Chart

R-404A  (R-125/143a/134a)
(44 /52 | 4 wt%)

A blend of R-125, R-143a and R-134a intended for low and medium
temperature refrigeration. Most new equipment has been built for R-
404A (and R-507 interchangably). It is also possible to retrofit R-502
and R-22 systems with R-404A, although the oil will need to be
flushed and replaced with Polyol Ester (POE). POE oils will be found
in all new equipment intended for R-404A.

Applications: Low temperature refrigeration, medium temperature
refrigeration, ice machines

Retrofitting: for R-502 page 94
for R-22 page 91

Temp
(F)

RA04A
(psig)

-40
-35
-30
-25
-20
-15
-10
-5
0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
920
95
100
105
110
115
120
125
130
135

140

4.3

6.8

9.5

12.5
15.7
19.3
232
275
32.1
37.0
424
48.2
54.5
61.2
68.4
76.1
84.4
93.2
103
113
123
135
147
159
173
187
202
218
234
252
270
289
310
331

353
377
401
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THERMODYNAMIC PROPERTIES OF R-404A
Temp | Pressure Pressure| Density Density Enthalpy Enthalpy Entropy Entropy
Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor
[F] [psia] [psia] [lb/ft"3] [Ib/ft"3] [Btu/Ib] [Btu/Ib] [Btu/R-Ib] [Btu/R-Ib]
-60 11.8 11.3 82.53 0.2671 -5.913 81.19 -0.01439 0.2041
-55 13.5 13.0 82.01 0.3044 -4.447 81.92 -0.01075 0.2032
-50 15.4 14.9 81.48 0.3457 -2.973 82.64 -0.00714 0.2023
-45 17.6 16.9 80.94 0.3913 -1.490 83.36 -0.00356 0.2015
-40 19.9 19.3 80.40 0.4414 0.000 84.08 0.00000 0.2008
-35 225 21.8 79.86 0.4965 1.499 84.79 0.003%4 0.2001
-30 254 24.6 79.31 0.5568 3.007 85.50 0.00705 0.1994
-25 28.5 27.7 78.75 0.6228 4.524 86.20 0.010%4 0.1988
-20 31.9 31.0 78.19 0.6947 6.051 86.90 0.01402 0.1982
-15 35.6 347 77.62 0.7730 7.587 87.59 0.01747 0.1977
-10 39.7 38.7 77.05 0.8582 9.133 88.28 0.02091 0.1972
-5 44 1 43.0 76.46 0.9506 10.69 88.95 0.02433 0.1967
0 48.8 47.7 75.87 1.051 12.26 89.62 0.02773 0.1963
5 54.0 52.8 75.27 1.159 13.84 90.29 0.03112 0.1959
10 59.5 58.3 74.66 1.276 15.43 90.94 0.03449 0.1955
15 65.5 64.2 74.05 1.403 17.03 91.58 0.03785 0.1951
20 719 70.5 73.42 1.539 18.64 92.21 0.04120 0.1948
25 78.7 77.3 72.78 1.686 20.27 92.83 0.04454 0.1945
30 86.1 84.6 7213 1.845 21.91 93.44 0.04787 0.1941
35 93.9 924 71.46 2.016 23.57 94.04 0.05120 0.1938
40 102.3 100.7 70.79 2.200 25.24 94.62 0.05451 0.1935
45 111.2 109.5 70.10 2.397 26.92 95.19 0.05782 0.1932
50 120.7 118.9 69.39 2.610 28.62 95.74 0.06113 0.1930
55 130.7 128.9 68.67 2.839 30.34 96.28 0.06443 0.1927
60 1414 139.6 67.93 3.086 32.08 96.80 0.06774 0.1924
65 152.8 150.8 67.16 3.352 33.84 97.29 0.07104 0.1921
70 164.7 162.8 66.38 3.638 35.62 97.76 0.07435 0.1918
75 177.4 175.4 65.58 3.947 37.42 98.21 0.07767 0.1915
80 190.8 188.8 64.75 4.281 39.24 98.63 0.08099 0.1911
85 204.9 202.8 63.89 4.642 41.09 99.03 0.08433 0.1908
90 219.9 217.7 62.99 5.033 42.97 99.39 0.08768 0.1904
95 235.6 2334 62.07 5.458 44.87 99.71 0.09105 0.1900
100 2521 249.9 61.10 5.921 46.81 100.0 0.09444 0.1895
105 269.5 267.3 60.09 6.426 48.79 100.2 0.09786 0.1890
110 287.8 285.5 59.03 6.981 50.81 100.4 0.1013 0.1884
115 307.0 304.7 57.91 7.592 52.88 100.5 0.1048 0.1878
120 327.2 324.9 56.73 8.271 54.99 100.6 0.1084 0.1870
125 348.4 346.1 55.46 9.029 57.18 100.5 0.1120 0.1862
130 370.6 368.4 54.08 9.886 59.43 100.4 0.1157 0.1852
135 394.0 391.8 52.58 10.87 61.79 100.1 0.1196 0.1840
140 418.5 416.4 50.92 12.01 64.26 99.60 0.1236 0.1825
145 444.3 442.3 49.01 13.39 66.9 98.89 0.1278 0.1807
150 4714 469.6 46.73 15.13 69.81 97.78 0.1324 0.1783
155 500.0 498.4 43.74 17.55 73.21 95.98 0.1378 0.1748
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Physical Properties of Refrigerants R-407C Available in the
Environmental Classification HFC following sizes:
Molecular Weight 86.2
Boiling Point (1 atm, F) -43.6 R-407C
Critical P i 672.1
fitical Pressure (psia) 25R407C 25 Ib cylinder
Critical Temperature (F) 187 115R407C 115 Ib cylinder*
Critical Density (Ib./ft"3) 32
Liquid Density (70 F, Ib./ft"3) 72.35
Vapor Density (bp, Ib./ft"3) 0.289
Heat of Vaporization (bp, BTU/Ib.) 106.7
Specific Heat Liquid (70 F, BTU/Ib. F) 0.3597
Specific Heat Vapor (1 atm, 70 F, BTU/Ib. F) 0.1987
Ozone Depletion Potential (CFC 11 = 1.0) 0
Global Warming Potential (CO2 = 1.0) 1674
ASHRAE Standard 34 Safety Rating A1 *Deposit Required
Temperature Glide (F) (see section II) 10 Pressure-Temp Chart
R-407C
Temp Liquid Vapor
R-407C  (R-32/125/134a) L
(231251752 wt%) -35 54 06
-30 8.0 1.8
o ) 25 10.9 4.1
A blend of R-32, R-125 and R-134a that has very similar properties -20 14.1 6.6
to R-22 in air conditioning equipment. There is a slight decrease in 18 ;g 192‘;
capacity and efficiency, however R-407C can be used in essentially 5 25.4 15.9
the same equipment to perform the same job with only minor 0 29.9 196
. . g . . . 5 34.7 23.6
engineering modifications. New systems built with R-407C must 10 399 280
have POE lubricants, and retrofitted R-22 systems would need the 15 456 328
resiual oil flushed with POE. R-407C has a 10F temperature glide, 2o AL B2
which should not pose any operation-related problems for a typical 30 65.2 496
system . 35 726 56.1
40 80.7 63.1
45 89.2 70.6
Applications: Air conditioning, higher temperature refrigeration gg a%g ggg
. 60 118 96:8
Retrofitting: for R-22 page 90 65 129 106
70 141 117
75 153 128
80 166 140
85 180 153
90 195 166
95 210 181
100 226 196
105 243 211
110 261 229
115 280 247
120 300 266
125 321 286
130 342 307
135 365 329
140 389 353
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THERMODYNAMIC PROPERTIES OF R-407C

Temp | Pressure Pressure| Density Density Enthalpy Enthalpy Entropy Entropy
Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor

[F] [psia] [psia] [Ib/ftA3] [Ib/ftA3] [Btu/lb] [Btu/lb] [Btu/R-Ib] [Btu/R-Ib]
-60 10.2 6.9 87.66 0.1418 -6.192 100.9 -0.01508 0.2575
-55 11.8 8.0 87.14 0.1641 -4.653 101.6 -0.01126 0.2558
-50 13.5 94 86.61 0.1890 -3.108 102.3 -0.00747 0.2542
-45 154 10.8 86.08 0.2169 -1.557 103.0 -0.00372 0.2527
-40 17.6 12.5 85.55 0.2480 0.000 103.7 0.00000 0.2512
-35 19.9 14.3 85.01 0.2825 1.564 104.4 0.00369 0.2498
-30 22.6 16.4 84.46 0.3206 3.134 105.1 0.00735 0.2484
-25 254 18.7 83.91 0.3628 4.711 105.8 0.01099 0.2472
-20 28.6 21.2 83.36 0.4092 6.296 106.5 0.01460 0.2459
-15 32.0 24.0 82.80 0.4602 7.888 107.2 0.01818 0.2448
-10 35.8 27.1 82.23 0.5160 9.488 107.9 0.02174 0.2437
-5 39.9 30.5 81.66 0.5771 11.10 108.5 0.02528 0.2426
0 443 34.2 81.08 0.6438 12.71 109.2 0.02879 0.2416
5 491 38.3 80.50 0.7164 14.34 109.8 0.03229 0.2406
10 54.3 42.7 79.90 0.7954 15.97 110.5 0.03576 0.2396
15 59.9 474 79.30 0.8812 17.62 111.1 0.03922 0.2387
20 66.0 52.6 78.70 0.9742 19.27 111.7 0.04265 0.2378
25 725 58.3 78.08 1.075 20.94 112.3 0.04608 0.2370
30 794 64.3 77.46 1.184 22.62 112.9 0.04948 0.2361
35 86.9 70.9 76.82 1.302 24.30 113.5 0.05288 0.2353
40 94.9 77.9 76.18 1.429 26.00 114.1 0.05626 0.2346
45 1034 85.4 75.52 1.566 27.72 114.6 0.05963 0.2338
50 112.5 93.5 74.85 1.714 29.44 115.1 0.06298 0.2331
55 122.2 102.2 74.18 1.873 31.18 115.7 0.06633 0.2323
60 1324 111.5 73.48 2.044 32.94 116.2 0.06968 0.2316
65 143.4 1214 72.78 2.229 34.71 116.7 0.07301 0.2309
70 154.9 131.9 72.06 2.428 36.49 117.1 0.07635 0.2302
75 167.2 143.1 71.32 2.642 38.30 117.6 0.07968 0.2295
80 180.2 155.1 70.57 2.872 40.12 118.0 0.08301 0.2288
85 193.8 167.7 69.80 3.120 41.96 118.4 0.08634 0.2281
0 208.3 181.2 69.00 3.387 43.82 118.8 0.08967 0.2274
95 2235 1954 68.19 3.675 45.71 119.1 0.09301 0.2266
100 239.6 210.5 67.35 3.985 47.62 119.4 0.09636 0.2259
105 256.5 226.5 66.48 4,321 49.55 119.7 0.09972 0.2251
110 274.3 2434 65.59 4.684 51.52 120.0 0.1031 0.2243
115 2929 261.2 64.66 5.078 53.51 120.2 0.1065 0.2235
120 3125 280.0 63.70 5.505 55.54 120.3 0.1099 0.2226
125 333.0 299.9 62.70 5.971 57.60 1204 0.1133 0.2217
130 354.6 320.8 61.65 6.479 59.71 120.5 0.1168 0.2208
135 3771 3429 60.55 7.037 61.86 120.5 0.1203 0.2197
140 400.7 366.1 59.39 7.652 64.06 1204 0.1239 0.2186
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Physical Properties of Refrigerants R-408A Available in the
Environmental Classification HCFC following sizes:
Molecular Weight 87
Boiling Point (1 atm, F) -49.8 R-408A
Cr!t!cal Pressure (psia) 641.6 24RA08A 24 Ib cylinder
Critical Temperature (F) 182 100R408A 100 Ib cylinder*
Critical Density (Ib./ft"3) 30
Liquid Density (70 F, Ib./ft"3) 66.9
Vapor Density (bp, Ib./ft"3) 0.303
Heat of Vaporization (bp, BTU/Ib.) 96.74
Specific Heat Liquid (70 F, BTU/Ib. F) 0.3416
Specific Heat Vapor (1 atm, 70 F, BTU/Ib. F) 0.1901
Ozone Depletion Potential (CFC 11 = 1.0) 0.024
Global Warming Potential (CO2 = 1.0) 3102
ASHRAE Standard 34 Safety Rating A1 *Deposit Required
Temp R408A
(F) (psig)
-40 28
R-408A (R-125/143a/22) 35 5.1
(7146147 wt%) -30 7.6
-25 10.4
. iys -20 135
A blend of R-22, R-143a and R-125, intended for retrofitting R-502 15 16.8
refrigeration systems. This blend has the closest pressure/temperature -10 204
match to R-502 across the whole operating range of temperatures. IS s
Discharge temperature will increase compared to R-502, however in 5 333
most applications this will not impact system performance or long term 1‘5) 223
reliability. In severe duty applications, such as transport refrigeration 20 495
into hot climates, the OEM may not recommend this blend. 25 56.8
30 62.5
o , , , 35 69.7
Applications: Low temperature and medium temperature refrigeration 40 774
45 85.6
iyr 50 94.3
Retrofitting: for R-502 page 93 55 104
60 114
65 124
70 135
75 147
80 159
85 173
90 186
95 201
100 217
105 233
110 250
115 268
120 287
125 307
130 327
135 349
140 372

Refrigerant Reference Guide 34 4th Edition 2006



INATIONAL | Technical
Guidelines
THERMODYNAMIC PROPERTIES OF R-408A
Temp | Pressure Pressure| Density Density Enthalpy Enthalpy Entropy Entropy
Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor
[F] [psia] [psia] [Ib/ft"3] [Ib/ft"3] [Btu/Ib] [Btu/lb] [Btu/R-Ib] [Btu/R-Ib]
-60 11.2 10.9 81.70 0.2288 -5.734 92.47 -0.01396 0.2320
-55 12.8 12.5 81.21 0.2604 -4.311 93.14 -0.01043 0.2306
-50 14.6 14.3 80.72 0.2954 -2.881 93.79 -0.00692 0.2293
-45 16.7 16.3 80.22 0.3339 -1.444 94.45 -0.00345 0.2280
-40 18.9 18.5 79.72 0.3763 0.000 95.10 0.00000 0.2268
-35 21.4 21.0 79.21 0.4228 1.451 95.74 0.00342 0.2257
-30 241 23.7 78.70 0.4736 2.910 96.38 0.00682 0.2246
-25 27.1 26.6 78.18 0.5291 4.376 97.01 0.01020 0.2235
-20 30.3 29.8 77.65 0.5896 5.851 97.64 0.01356 0.2225
-15 33.9 33.3 7713 0.6554 7.334 98.26 0.01689 0.2215
-10 37.7 37.1 76.59 0.7268 8.826 98.87 0.02021 0.2206
-5 419 41.3 76.05 0.8042 10.33 99.47 0.02350 0.2197
0 46.4 458 75.50 0.8879 11.84 100.1 0.02678 0.2189
5 51.3 50.7 74.95 0.9784 13.36 100.7 0.03005 0.2181
10 56.6 55.9 74.39 1.076 14.89 101.2 0.03329 0.2173
15 62.3 61.5 73.82 1.181 16.43 101.8 0.03653 0.2165
20 68.4 67.6 73.24 1.295 17.98 1024 0.03975 0.2158
25 74.9 74.1 72.65 1.416 19.54 102.9 0.04295 0.2150
30 81.9 81.1 72.06 1.547 21.12 103.4 0.04615 0.2143
35 89.4 88.5 71.45 1.688 22.71 103.9 0.04934 0.2137
40 97.4 96.5 70.84 1.839 24.31 104.4 0.05251 0.2130
45 105.9 104.9 70.21 2.001 25.92 104.9 0.05568 0.2124
50 115.0 113.9 69.58 2175 27.55 105.4 0.05885 0.2117
55 124.6 1235 68.93 2.361 29.19 105.9 0.06200 0.2111
60 134.8 133.7 68.26 2.561 30.85 106.3 0.06516 0.2105
65 145.6 144.5 67.59 2.775 32.52 106.7 0.06831 0.2098
70 1571 155.9 66.90 3.005 34.22 1071 0.07146 0.2092
75 169.2 167.9 66.19 3.251 35.93 107.5 0.07461 0.2086
80 181.9 180.7 65.46 3.515 37.66 107.9 0.07776 0.2079
85 1954 1941 64.72 3.799 39.41 108.2 0.08092 0.2073
20 209.6 208.3 63.95 4104 41.18 108.5 0.08409 0.2066
95 224.6 223.2 63.16 4433 42.98 108.8 0.08726 0.2060
100 240.3 238.9 62.34 4787 44.80 109.0 0.09045 0.2052
105 256.9 255.5 61.50 5.169 46.65 109.2 0.09365 0.2045
110 274.3 272.8 60.62 5.583 48.53 109.4 0.09688 0.2037
115 292.6 2911 59.71 6.031 50.45 109.5 0.1001 0.2029
120 311.7 310.2 58.76 6.520 52.40 109.6 0.1034 0.2021
125 331.8 330.3 57.76 7.053 54.40 109.6 0.1067 0.2012
130 352.8 351.3 56.71 7.638 56.44 109.5 0.1101 0.2002
135 374.9 373.3 55.60 8.284 58.54 109.4 0.1135 0.1991
140 398.0 396.4 54.41 9.002 60.71 109.2 0.1170 0.1979
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Physical Properties of Refrigerants R-409A Available in the
Environmental Classification HCFC following sizes:
Molecular Weight 97.4
Boiling Point (1 atm, F) 318 R-409A
Cr!t!cal Pressure (psia) 680.7 30R409A 30 Ib cylinder
Critical Temperature (F) 224 4 125R409A 125 Ib cylinder*
Critical Density (Ib./ft"3) 31.7
Liquid Density (70 F, Ib./ft"3) 76.1
Vapor Density (bp, Ib./ft"3) 0.313
Heat of Vaporization (bp, BTU/Ib.) 94.75
Specific Heat Liquid (70 F, BTU/Ib. F) 0.2908
Specific Heat Vapor (1 atm, 70 F, BTU/Ib. F) 0.1685
Ozone Depletion Potential (CFC 11 = 1.0) 0.047
Global Warming Potential (CO2 = 1.0) 1558
ASHRAE Standard 34 Safety Rating A1 *Deposit Required
Temperature Glide (F) (see section Il) 13 Pressure-Temp Chart
R-409A
Temp Liquid Vapor
R-409A  (R-22/124/142b) L eal (o)
(60725715 wt%) -25 18 7.0
-20 39 3.8
A blend of R-22, R-142b and R-124 intended for retrofitting R-12 j‘g §;§ ?3
and R-500 systems. The pressure and system capacity match R-12 5 114 38
when the blend is running in an average evaporator temperature at g ]‘7‘-2 g-;
10F to 20F. The temperature glide of this blend is around 13F. The 10 211 14
discharge pressure and temperature are higher than with R-12, 15 24.9 14.4
however this should not be a problem in most applications. In hotter o a0 e
environments where compressor failures have been a problem it 30 38.1 25.0
would be recommended to use R-414B instead (similar blend, less 35 432 292
R-22). R-409A also comes close to matching the properties of R- f;g ‘513:2 ggg
500 at air conditioning temperatures. 50 60.6 436
55 67.2 49.2
S ) . 60 74.2 55.2
Applications: Low temperature and medium temperature 65 817 615
refrigeration, non-centrifugal air conditioning (R-12 or R-500) 70 89.6 68.4
75 98.0 756
- 80 107 83.4
Retrofitting: for R-12 page 88 85 116 916
for R-500 page 92 90 126 100
95 137 110
100 148 120
105 159 130
110 172 141
115 184 153
120 198 165
125 212 178
130 227 192
135 242 207
140 258 222
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THERMODYNAMIC PROPERTIES OF R-409A

Temp | Pressure Pressure Density Density Enthalpy Enthalpy Entropy Entropy
Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor

[F] [psia] [psia] [Ib/ftA3] [Ib/ft"3] [Btu/Ib] [Btu/Ib] [Btu/R-Ib] [Btu/R-Ib]
-40 11.9 8.0 87.87 0.1779 0.000 94.00 0.00000 0.2287
-35 13.6 9.3 87.38 0.2030 1.295 94.64 0.00306 0.2274
-30 15.4 10.6 86.90 0.2308 2.594 95.28 0.00609 0.2262
-25 17.4 12.1 86.41 0.2616 3.899 95.92 0.00910 0.2250
-20 19.5 13.8 85.92 0.2954 5.209 96.55 0.01209 0.2239
-15 21.9 15.7 85.42 0.3326 6.524 97.18 0.01505 0.2229
-10 24.6 17.7 84.92 0.3734 7.846 97.81 0.01799 0.2219
-5 274 20.0 84.41 0.4180 9.174 98.43 0.02092 0.2209
0 30.5 225 83.90 0.4666 10.51 99.05 0.02382 0.2200
5 33.9 25.2 83.38 0.5196 11.85 99.67 0.02670 0.2191
10 375 28.2 82.86 0.5771 13.20 100.3 0.02957 0.2182
15 41.5 314 82.34 0.6395 14.55 100.9 0.03242 0.2174
20 45.7 34.9 81.80 0.7070 15.91 101.5 0.03525 0.2167
25 50.3 38.7 81.26 0.7800 17.28 1021 0.03807 0.2159
30 55.2 42.8 80.72 0.8588 18.66 102.6 0.04088 0.2152
35 60.5 47.3 80.17 0.9437 20.05 103.2 0.04367 0.2145
40 66.1 52.0 79.61 1.035 21.44 103.8 0.04645 0.2139
45 72.1 57.2 79.04 1.133 22.84 104.4 0.04921 0.2132
50 78.5 62.7 78.47 1.239 24.25 104.9 0.05197 0.2126
55 854 68.6 77.89 1.352 25.67 105.5 0.05471 0.2120
60 92.6 74.9 77.30 1.473 27.11 106.0 0.05744 0.2115
65 100.3 81.7 76.70 1.603 28.55 106.5 0.06017 0.2109
70 108.5 88.9 76.09 1.742 30.00 107.0 0.06288 0.2104
75 117.2 96.6 75.48 1.891 31.46 107.5 0.06559 0.2099
80 126.3 104.8 74.85 2.050 32.93 108.0 0.06829 0.2093
85 136.0 113.4 74.21 2.219 34.42 108.5 0.07098 0.2088
90 146.2 122.7 73.56 2.401 35.92 109.0 0.07367 0.2083
95 157.0 132.4 72.90 2.594 3743 109.4 0.07636 0.2078
100 168.3 142.7 72.22 2.801 38.95 109.9 0.07904 0.2074
105 180.2 163.7 71.54 3.022 40.49 110.3 0.08172 0.2069
110 192.7 165.2 70.83 3.258 42.04 110.7 0.08440 0.2064
115 205.9 177.4 70.11 3.510 43.61 1111 0.08708 0.2059
120 219.6 190.2 69.38 3.779 45.19 111.4 0.08977 0.2054
125 234.1 203.7 68.62 4.068 46.80 111.8 0.09245 0.2049
130 249.2 217.9 67.85 4.376 48.42 1121 0.09515 0.2043
135 265.0 232.9 67.05 4.707 50.06 112.4 0.09785 0.2038
140 281.5 248.6 66.22 5.062 51.72 112.6 0.1006 0.2033
145 298.8 265.1 65.38 5.443 53.41 112.9 0.1033 0.2027
150 316.8 282.5 64.50 5.853 55.13 1131 0.1060 0.2021
155 335.6 300.7 63.58 6.296 56.87 113.2 0.1088 0.2014
160 355.2 319.8 62.63 6.775 58.65 113.4 0.1116 0.2008
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Physical Properties of Refrigerants R-410A Available in the
Environmental Classification HFC following sizes:
Molecular Weight 72.6
Boiling Point (1 atm, F) -61 R-410A
Cr!t!cal Pressure (psia) 691.8 25R410A 25 Ib cylinder
Critical Temperature (F) 158.3 100R410A 100 Ib cylinder*
Critical Density (Ib./ftA3) 34.5 1450R410A  ton cylinder*
Liquid Density (70 F, Ib./ft"3) 67.74
Vapor Density (bp, Ib./ft"3) 0.261
Heat of Vaporization (bp, BTU/Ib.) 116.8
Specific Heat Liquid (70 F, BTU/Ib. F) 0.3948
Specific Heat Vapor (1 atm, 70 F, BTU/Ib. F) 0.1953
Ozone Depletion Potential (CFC 11 = 1.0) 0
Global Warming Potential (CO2 = 1.0) 1997
ASHRAE Standard 34 Safety Rating A1 *Deposit Required
Temperature Glide (F) (see section Il) 0.2 Pressure-Temp Chart
Temp R410A
(F) (psig)
-40 11.6
R-410A (R-32/125) -35 14.9
o -30 18.5
(50 / 50 wt%) P g
-20 26.9
A blend of R-32 and R-125 that nearly forms an azeotrope, and IX il
therefore has extremely low temperature glide and almost no 5 425
fractionation potential. This blend has about 60% higher pressure than g ggg
R-22 in air conditioning applications, and should be used only in new 10 62.3
equipment that has been designed for the increased pressure (cannot ;g ;gg
be used to retrofit R-22 systems). R-410A will require the use of POE P 873
lubricants. 30 9.8
35 107
. . . . . . 40 118
Applications: Air conditioning and heat pumps (new equipment only) gg 122
o 55 155
Retrofitting: not recommended 60 170
65 185
70 201
75 217
80 235
85 254
90 274
95 295
100 317
105 340
110 365
115 391
120 418
125 446
130 476
135 507
140 539
145 573
150 608
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THERMODYNAMIC PROPERTIES OF R-410A

Temp | Pressure Pressure Density Density Enthalpy Enthalpy Entropy Entropy
Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor
[F] [psia] [psia] [Ib/ft"3] [Ib/ftA3] [Btu/Ib] [Btu/Ib] [Btu/R-Ib] [Btu/R-Ib]
-40 25.6 255 82.02 0.4384 0.000 112.5 0.00000 0.2682
-35 28.9 28.9 81.45 0.4929 1.648 113.1 0.00389 0.2664
-30 32.6 32.6 80.88 0.5526 3.303 113.7 0.00774 0.2647
-25 36.7 36.6 80.30 0.6179 4.967 114.3 0.01157 0.2631
-20 41.1 41.0 79.71 0.6892 6.640 114.8 0.01537 0.2615
-15 46.0 45.8 79.12 0.7669 8.321 1154 0.01915 0.2599
-10 51.2 51.1 78.51 0.8514 10.01 115.9 0.02290 0.2584
-5 56.9 56.8 77.91 0.9431 11.71 116.4 0.02663 0.2570
0 63.1 63.0 77.29 1.043 13.42 116.9 0.03035 0.2555
5 69.8 69.7 76.66 1.151 15.15 1174 0.03404 0.2541
10 77.1 76.9 76.03 1.267 16.88 117.9 0.03771 0.2528
15 84.9 84.6 75.38 1.394 18.63 118.3 0.04137 0.2514
20 93.2 93.0 74.73 1.530 20.39 118.8 0.04502 0.2501
25 102.2 101.9 74.06 1.677 22.16 119.2 0.04865 0.2488
30 111.9 111.5 73.38 1.836 23.95 119.6 0.05227 0.2476
35 122.2 121.8 72.69 2.007 25.75 119.9 0.05588 0.2463
40 133.2 132.8 71.99 2.192 27.58 120.3 0.05949 0.2451
45 144.9 144.5 71.27 2.391 29.41 120.6 0.06309 0.2438
50 157.4 156.9 70.53 2.606 31.27 120.9 0.06668 0.2426
55 170.7 170.2 69.78 2.838 33.14 121.2 0.07028 0.2413
60 184.8 184.3 69.01 3.088 35.04 121.4 0.07387 0.2401
65 199.8 199.2 68.22 3.357 36.96 121.6 0.07747 0.2388
70 215.7 215.1 67.41 3.648 38.90 121.8 0.08107 0.2376
75 2325 231.8 66.58 3.963 40.87 121.9 0.08469 0.2363
80 250.3 249.6 65.71 4.304 42.87 122.0 0.08832 0.2350
85 269.1 268.3 64.82 4.674 44.90 122.0 0.09196 0.2336
90 289.0 288.2 63.90 5.075 46.96 122.0 0.09562 0.2322
95 310.0 309.1 62.95 5513 49.06 122.0 0.09932 0.2308
100 332.0 331.1 61.95 5.990 51.21 121.8 0.1030 0.2293
105 355.3 354.3 60.90 6.513 53.39 121.6 0.1068 0.2277
110 379.8 378.8 59.81 7.089 55.63 121.4 0.1106 0.2261
115 405.6 404.5 58.65 7.725 57.93 121.0 0.1145 0.2243
120 432.7 431.6 57.42 8.434 60.30 120.5 0.1185 0.2224
125 461.2 460.1 56.11 9.230 62.76 119.9 0.1225 0.2203
130 491.2 490.1 54.68 10.13 65.31 119.2 0.1267 0.2180
135 522.7 521.6 53.12 11.17 67.99 118.2 0.1310 0.2155
140 555.9 554.8 51.38 12.40 70.84 117.0 0.1356 0.2125
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Physical Properties of Refrigerants R-414B Available in the
Environmental Classification HCFC following sizes:
Molecular Weight 101.6
Boiling Point (1 atm, F -29.9
liing Poirt (1 atm, F) R-410A
Critical Pressure (psia) 665.4
Critical Temperature (F) 226.4 25R414B 25 Ib cylinder
Critical Density (Ib./ft"3) 31.6
Liquid Density (70 F, Ib./ft*3) 76.02
Vapor Density (bp, Ib./ft"3) 0.325
Heat of Vaporization (bp, BTU/Ib.) 91.5
Specific Heat Liquid (70 F, BTU/Ib. F) 0.2913
Specific Heat Vapor (1 atm, 70 F, BTU/Ib. F) 0.1723
Ozone Depletion Potential (CFC 11 = 1.0) 0.043
Global Warming Potential (CO2 = 1.0) 1339
ASHRAE Standard 34 Safety Rating A1
Temperature Glide (F) (see section Il) 13 Pressure-Temp Chart
R-414B
Temp Liquid Vapor
h . s
R-414B  (R-22/600a/124/142b) e
(50/1.5/39/9.5 wt%) 25 1.9 68
-20 4.0 3.6
-15 6.3 0.0
A blend of R-22, R-124, R-142b and hydrocarbon R-600a -10 8.8 20
(isobutane), which is added to improve mineral oil circulation. This is g’ 112 ;‘;
a multi-purpose retrofit blend that can be used in R-12 refrigeration 5 17.7 9.0
systems as well as automotive air conditioning. The pressure and e A
system capacity match R-12 in 30F to 40F evaporators, and the 20 29.0 183
discharge pressure in hot condensers is only 5 to 10 psi higher than 25 334 219
" . . 30 38.1 25.8
R-12 (a benefit in high ambient temperatures compared to other R- 35 431 30,0
12 retrofit blends). The addition of hydrocarbon to this blend 20 gﬁg 23-6
significantly improves mineral oil circulation for high viscosity oils s 604 Py
used in auto AC. 55 67.0 50.4
60 73.9 56.5
. . . 65 81.3 62.9
Applications: Low temperature and medium temperature 70 89.1 69.8
refrigeration, direct expansion air conditioning, automotive air gg %g g;
conditioning 85 116 933
90 125 102
Retrofitting: for R-12 page 88 1%50 122 1;1
For R-500 page 92 105 158 132
110 170 143
115 183 155
120 196 167
125 210 180
130 224 193
135 239 208
140 255 223
145 272 239
150 289 255
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THERMODYNAMIC PROPERTIES OF R-414B

Temp | Pressure Pressure| Density Density Enthalpy Enthalpy Entropy Entropy
Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor

[F] [psia] [psia] [Ib/ftA3] [Ib/ftA3] [Btu/lb] [Btu/lb] [Btu/R-Ib] [Btu/R-Ib]
-40 11.4 7.5 87.77 0.1727 0.000 90.85 0.00000 0.2212
-35 12.9 8.6 87.29 0.1973 1.298 91.51 0.00307 0.2200
-30 14.7 9.9 86.81 0.2247 2.601 92.17 0.00611 0.2189
-25 16.6 114 86.32 0.2549 3.909 92.83 0.00913 0.2179
-20 18.7 12.9 85.83 0.2883 5.222 93.48 0.01212 0.2169
-15 21.0 14.7 85.33 0.3250 6.542 94.13 0.01509 0.2159
-10 23.5 16.7 84.83 0.3652 7.867 94.78 0.01804 0.2151
-5 26.2 18.8 84.32 0.4093 9.198 95.43 0.02098 0.2142
0 29.2 21.2 83.81 0.4573 10.54 96.07 0.02389 0.2134
5 324 23.7 83.30 0.5097 11.88 96.71 0.02678 0.2127
10 35.9 26.6 82.78 0.5666 13.23 97.34 0.02966 0.2119
15 39.7 29.6 82.25 0.6284 14.59 97.97 0.03251 0.2112
20 437 33.0 81.72 0.6953 15.96 98.59 0.03536 0.2106
25 481 36.6 81.18 0.7677 17.33 99.21 0.03818 0.2100
30 52.8 40.5 80.64 0.8458 18.71 99.82 0.04100 0.2094
35 57.8 47 80.09 0.9300 20.10 100.4 0.04379 0.2088
40 63.2 493 79.53 1.021 21.49 101.0 0.04658 0.2083
45 69.0 54.2 78.96 1.118 22.90 101.6 0.04935 0.2078
50 751 59.5 78.39 1.223 24.32 102.2 0.05211 0.2073
55 81.7 65.1 77.81 1.335 25.74 102.8 0.05486 0.2068
60 88.6 71.2 77.23 1.456 2717 103.3 0.05760 0.2063
65 96.0 77.6 76.63 1.585 28.62 103.9 0.06033 0.2059
70 103.8 84.5 76.02 1.723 30.07 104.4 0.06305 0.2055
75 1121 91.8 75.41 1.871 31.53 105.0 0.06577 0.2051
80 120.9 99.7 74.78 2.029 33.01 105.5 0.06847 0.2047
85 130.2 108.0 74.15 2.198 34.50 106.0 0.07117 0.2043
20 140.0 116.8 73.50 2.379 35.99 106.5 0.07387 0.2039
95 150.3 126.1 72.84 2.572 37.51 107.0 0.07656 0.2035
100 161.1 136.0 7217 2.778 39.03 107.5 0.07924 0.2031
105 172.5 146.5 71.48 2.998 40.57 107.9 0.08193 0.2027
110 184.6 157.5 70.78 3.233 4212 108.4 0.08461 0.2024
115 197.2 169.2 70.06 3.484 43.69 108.8 0.08729 0.2020
120 2104 181.5 69.33 3.753 45.28 109.2 0.08998 0.2016
125 224.2 194.4 68.57 4,040 46.88 109.6 0.09267 0.2012
130 238.7 208.1 67.80 4.348 48.50 110.0 0.09536 0.2008
135 253.9 2224 67.00 4.677 50.14 110.3 0.09806 0.2004
140 269.7 2375 66.18 5.031 51.80 110.6 0.1008 0.1999
145 286.3 253.3 65.34 5412 53.49 110.9 0.1035 0.1995
150 303.6 270.0 64.46 5.821 55.20 111.1 0.1062 0.1990
155 321.7 287.4 63.55 6.263 56.94 1114 0.1090 0.1984
160 340.5 305.7 62.60 6.741 58.71 111.5 0.1118 0.1979
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Physical Properties of Refrigerants R-416A Available in the
Environmental Classification HCFC following sizes:
Molecular Weight 111.9
Boiling Point (1 atm, F) -10 R-416A
Cr!t!cal Pressure (psia) 582 25R416A 25 Ib cylinder
Critical Temperature (F) 227 125R416A 125 Ib cylinder*
Critical Density (Ib./ft"3) 32.3
Liquid Density (70 F, Ib./ftA3) 77.68
Vapor Density (bp, Ib./ft"3) 0.354
Heat of Vaporization (bp, BTU/Ib.) 85.51
Specific Heat Liquid (70 F, BTU/Ib. F) 0.3139
Specific Heat Vapor (1 atm, 70 F, BTU/Ib. F) 0.1949
Ozone Depletion Potential (CFC 11 = 1.0) 0.012
Global Warming Potential (CO2 = 1.0) 1015
ASHRAE Standard 34 Safety Rating A1 *Deposit Required
Temperature Glide (F) (see section Il) 3 Pressure-Temp Chart
R-416A
Temp Liquid Vapor
(F) (psig) (psig)
R-416A  (R-134a/600/124) S RO I
(59/1.5/39.5 wt%) -20 67 83
-15 35 5.3
. . . ‘iys -10 0.0 20
This blend is based on R-134a. Intended for automotive retrofitting, 5 19 08
in order to cut down on the high pressures generated after a retrofit, 0 4.0 2.8
R-124 is added to the 134a. Hydrocarbon R-600 (butane) is added 150 gg >0
to improve mineral oil circulation. This blend matches R-12 at 15 116 10.0
condenser temperatures, and pressures in the evaporator will need 2 i 28
to be a few psi lower than R-12 to maintain proper temperature. 30 214 19.3
Although the blend does not mix with mineral oils the addition of 35 252 229
. . . . . 40 29.3 26.8
hydrocarbon thins the oil for satisfactory oil return. Systems will 45 337 311
experience a loss of capacity, especially at lower evaporator 50 384 35.6
55 435 40.5
temperatures. 60 49.0 457
65 54.8 51.3
Applications: automotive air conditioning, higher temperature 6 S
refrigeration 80 74.8 706
85 82.3 77.8
e 90 90.3 85.5
Retrofitting: for R-12 page 89 %5 98.8 93.7
100 108 102
105 117 112
110 127 121
115 138 132
120 149 143
125 161 154
130 173 166
135 186 179
140 200 192
145 214 206
150 229 221
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THERMODYNAMIC PROPERTIES OF R-416A

Temp | Pressure Pressure| Density Density Enthalpy Enthalpy Entropy Entropy
Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor

[F] [psia] [psia] [Ib/ftA3] [Ib/ftA3] [Btu/lb] [Btu/lb] [Btu/R-Ib] [Btu/R-Ib]
-40 6.6 6.1 88.98 0.1541 0.000 89.58 0.00000 0.2142
-35 7.6 7.0 88.49 0.1765 1.413 90.33 0.00334 0.2135
-30 8.7 8.1 88.00 0.2015 2.832 91.09 0.00666 0.2128
-25 10.0 9.3 87.50 0.2292 4.257 91.84 0.00995 0.2122
-20 114 10.6 87.00 0.2598 5.688 92.60 0.01322 0.2116
-15 13.0 121 86.50 0.2935 7.125 93.35 0.01646 0.2110
-10 14.7 13.8 86.00 0.3306 8.569 94.10 0.01968 0.2105
-5 16.7 15.6 85.49 0.3713 10.02 94.84 0.02288 0.2101
0 18.8 17.5 84.97 0.4159 11.48 95.59 0.02605 0.2097
5 21.1 19.7 84.45 0.4646 12.94 96.33 0.02921 0.2093
10 23.6 22.1 83.93 0.5177 14.41 97.07 0.03235 0.2089
15 26.3 24.7 83.40 0.5754 15.89 97.80 0.03546 0.2086
20 29.3 27.6 82.86 0.6381 17.37 98.53 0.03856 0.2083
25 32.6 30.7 82.32 0.7060 18.87 99.26 0.04164 0.2081
30 36.1 34.0 81.78 0.7796 20.37 100.0 0.04471 0.2078
35 39.9 37.6 81.22 0.8591 21.88 100.7 0.04776 0.2076
40 440 41.6 80.66 0.9448 23.39 101.4 0.05079 0.2074
45 48.4 45.8 80.10 1.037 24.92 102.1 0.05381 0.2073
50 53.2 50.3 79.52 1.137 26.46 102.8 0.05681 0.2071
55 58.3 55.2 78.94 1.244 28.00 103.5 0.05981 0.2070
60 63.7 60.4 78.35 1.359 29.55 104.2 0.06279 0.2069
65 69.6 66.0 77.76 1.483 31.12 104.9 0.06575 0.2068
70 75.8 72.0 77.15 1.615 32.69 105.5 0.06871 0.2067
75 824 784 76.53 1.757 34.28 106.2 0.07166 0.2066
80 89.5 85.2 75.90 1.909 35.87 106.8 0.07460 0.2065
85 97.0 925 75.27 2.072 37.48 107.5 0.07753 0.2064
0 105.0 100.2 74.62 2.247 39.10 108.1 0.08045 0.2064
95 113.5 108.4 73.95 2433 40.73 108.7 0.08337 0.2063
100 1224 117.0 73.28 2.633 42.38 109.3 0.08629 0.2063
105 131.9 126.2 72.59 2.847 44.04 109.9 0.08920 0.2062
110 141.9 136.0 71.88 3.076 45.71 110.5 0.09210 0.2061
115 152.5 146.2 71.16 3.322 47.40 111.0 0.09501 0.2061
120 163.6 1571 70.42 3.584 49.11 111.6 0.09791 0.2060
125 175.4 168.5 69.67 3.866 50.83 112.1 0.1008 0.2059
130 187.7 180.6 68.89 4.168 52.57 112.6 0.1037 0.2058
135 200.7 193.3 68.09 4.492 54.33 113.1 0.1066 0.2057
140 214.4 206.6 67.26 4.841 56.12 113.5 0.1096 0.2056
145 228.7 220.7 66.41 5.216 57.92 113.9 0.1125 0.2054
150 243.8 2354 65.52 5.622 59.75 114.3 0.1154 0.2052
155 259.5 250.9 64.61 6.060 61.61 114.7 0.1184 0.2050
160 276.0 267.2 63.65 6.534 63.50 115.0 0.1214 0.2048
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Physical Properties of Refrigerants R-417A Available in the
Environmental Classification HFC following sizes:
Molecular Weight 106.6
Bubble Point (1 atm, F) 433 R-417A
Dew Point (1 atm, F) -34.0 25RA17A 25 Ib cyl
Critical Pressure (psia) 615.3 110R417A 110 Ib cyl
Critical Temperature (F) 193.8
Liquid Density (70 F, Ib./ft*3) 73.04
Vapor Density (bp, Ib./ft"3) 0.358
Heat of Vaporization (bp, BTU/Ib.) 87.15
Specific Heat Liquid (70 F, BTU/Ib. F) 0.332
Specific Heat Vapor (1 atm, 70 F, BTU/Ib. F) 0.2117
Ozone Depletion Potential (CFC 11 = 1.0) 0
Global Warming Potential (CO2 = 1.0) 1950
ASHRAE Standard 34 Safety Rating A1
Temperature Glide (F) (see section Il) 10 Pressure-Temp Chart
R-417A
Temp Liquid Vapor
(F) (psig) (psig)
R-417A (R-125/134a/600) 40 05 42
o -35 24 0.8
(46.6/50/ 3.4 wt%) ot e e
-25 6.9 3.6
A blend of R-125, R-134a and hydrocarbon R-600 (butane) -20 9.4 5.9
intended for use in air conditioning and refrigeration equipment (R- IX 2z B
22 alternative). Both suction and discharge pressures will run lower 5 185 14.3
than R-22, which may affect valve operation or orifice tube g ggg Zg
selection. Loss of capacity may be significant at lower evaporator 10 30,0 5.1
temperatures, but generally not a problem in properly sized 15 345 293
equipment at warmer application temperatures. Addition of the 3‘; 33;2 ggg
hydrocarbon will help with mineral oil circulation, particularly in 30 56.8 442
smaller, close-coupled systems. The HFC refrigerant components > 20 s
still may not mix with the oil, howerver, potentially causing problems 45 69.2 62.7
in larger systems with complicated piping runs (POE may be gg Z?;‘ ggg
required). 60 957 | 854
65 105 93.9
Applications: air conditioning, higher temperature refrigeration ;(5) Ej 1?2
80 134 123
vy . 85 146 134
Retrofitting: for R-22 page 90 % 157 145
95 170 158
100 183 170
105 197 184
110 211 198
115 225 212
120 241 227
125 258 244
130 275 261
135 293 279
140 312 297
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Temp | Pressure | Pressure| Density Density Enthalpy Enthalpy Entropy Entropy
Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor
[F] [psia] [psia] [Ib/ft13] [Ib/ft"3] [Btu/lb] [Btu/lb] [Btu/R-Ib] [Btu/R-Ib]
-60 7.7 5.7 88.79 0.1454 -5.82 82.82 -0.01420 0.2102
-55 8.9 6.7 88.28 0.1682 -4.38 83.62 -0.01060 0.2093
-50 10.2 7.8 87.76 0.1938 -2.93 84.32 -0.00700 0.2084
-45 11.7 9.0 87.24 0.2224 -1.47 85.12 -0.00350 0.2076
-40 13.4 10.4 86.71 0.2542 0.00 85.92 0.00000 0.2068
-35 15.2 11.9 86.18 0.2896 1.47 86.62 0.00350 0.2061
-30 17.3 13.6 85.65 0.3287 2.95 87.42 0.00690 0.2055
-25 19.5 15.5 85.11 0.3719 4.43 88.12 0.01040 0.2049
-20 22.0 17.7 84.56 0.4194 5.92 88.92 0.01380 0.2043
-15 24.7 20.0 84.01 0.4716 7.43 89.62 0.01710 0.2038
-10 27.7 22.6 83.46 0.5288 8.93 90.42 0.02050 0.2034
-5 30.9 25.4 82.90 0.5913 10.45 91.12 0.02380 0.2029
0 34.5 28.5 82.33 0.6595 11.98 91.82 0.02720 0.2025
5 38.3 31.8 81.76 0.7337 13.51 92.62 0.03050 0.2022
10 42.4 35.5 81.18 0.8144 15.06 93.32 0.03370 0.2018
15 46.9 39.5 80.59 0.9020 16.61 94.02 0.03700 0.2015
20 51.7 43.8 79.99 0.9969 18.17 94.72 0.04030 0.2012
25 56.9 48.5 79.39 1.100 19.74 95.42 0.04350 0.2010
30 62.5 53.6 78.77 1.211 21.33 96.12 0.04670 0.2008
35 68.5 59.0 78.15 1.331 22.92 96.82 0.04990 0.2005
40 74.9 64.9 77.52 1.460 24.52 97.52 0.05310 0.2003
45 81.7 71.1 76.88 1.599 26.14 98.12 0.05630 0.2002
50 89.0 77.9 76.22 1.749 27.77 98.82 0.05950 0.2000
55 96.8 85.1 75.55 1.911 29.41 99.52 0.06270 0.1998
60 105.1 92.8 74.88 2.084 31.07 100.1 0.06580 0.1997
65 113.9 101.0 74.18 2.271 32.73 100.7 0.06900 0.1995
70 123.2 109.8 73.48 2.471 34.42 101.3 0.07210 0.1994
75 133.1 119.1 72.75 2.687 36.12 101.9 0.07530 0.1993
80 143.6 129.0 72.01 2.919 37.82 102.5 0.07840 0.1991
85 154.7 139.5 71.26 3.168 39.52 103.1 0.08150 0.1990
90 166.4 150.7 70.48 3.436 41.32 103.6 0.08470 0.1989
95 178.8 162.5 69.68 3.724 43.12 104.1 0.08780 0.1987
100 191.8 175.0 68.86 4.035 44.82 104.7 0.09100 0.1985
105 205.5 188.2 68.01 4.370 46.72 105.1 0.09410 0.1983
110 220.0 202.1 67.13 4,732 48.52 105.6 0.09730 0.1981
115 235.1 216.8 66.23 5.123 50.42 106.0 0.1005 0.1979
120 251.1 232.3 65.29 5.546 52.22 106.4 0.1037 0.1977
125 267.8 248.7 64.31 6.007 54.22 106.8 0.1069 0.1974
130 285.4 265.9 63.28 6.508 56.12 107.1 0.1101 0.1970
135 303.8 284.0 62.21 7.057 58.12 107.3 0.1134 0.1966
140 323.1 303.1 61.08 7.659 60.12 107.5 0.1167 0.1962
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Physical Properties of Refrigerants R-422A Available in the
Environmental Classification HFC following sizes:
Molecular Weight 113.6

Bubble Point (1 atm, F) -55.6 R-422A

Dew Point (1 atm, F) -51.1 24RA1TA 24 b oyl
Critical Pressure (psia) 543.7 100R417A 100 Ib cyl
Critical Temperature (F) 161.2

Liquid Density (70 F, Ib./ft"3) 72.03

Vapor Density (bp, Ib./ft"3) 0.356

Heat of Vaporization (bp, BTU/Ib.) 76.8

Ratio of Specific Heats (Cp/Cv, 1 atm, 77F) 1.105

Ozone Depletion Potential (CFC 11 = 1.0) 0

Global Warming Potential (CO2 = 1.0) 2530

ASHRAE Standard 34 Safety Rating A1

Temperature Glide (F) (see section Il) 5

R-422A  (R-125/134a/600a)
(85.1/11.5/ 3.4 wt%)

A blend of R-125, R-134a and hydrocarbon R-600a (isobutane)
intended for use in refrigeration equipment (R-502 and R-22
alternative). **Both suction and discharge pressures will run lower
than R-22, which may affect valve operation or orifice tube
selection. Loss of capacity may be significant at lower evaporator
temperatures, but generally not a problem in properly sized
equipment at warmer application temperatures. Addition of the
hydrocarbon will help with mineral oil circulation, particularly in
smaller, close-coupled systems. The HFC refrigerant components
will still not mix with the oil, howerver, potentially causing problems
in larger systems with complicated piping runs (POE may be
required).

Applications: air conditioning, higher temperature refrigeration

Retrofitting: for R-22 page 91
for R-502 page 95

Pressure-Temp Chart

R-422A
Temp Liquid Vapor
(F) (psig) (psig)
-40 5.2 3.2
-35 7.8 5.6
-30 10.7 8.3
-25 13.9 11.3
-20 17.3 14.6
-15 211 18.2
-10 25.2 221
-5 29.6 26.3
0 344 30.9
5 39.6 35.6
10 45.2 41.4
15 51.3 47.2
20 57.8 53.5
25 64.7 60.2
30 72.2 67.5
35 80.1 75.2
40 88.6 83.5
45 97.6 92.3
50 107.0 102.0
55 117.0 112.0
60 128.0 122.0
65 140 134
70 152 146
75 165 158
80 179 172
85 193 186
90 208 201
95 224 217
100 241 234
105 258 251
110 277 270
115 296 289
120 317 310
125 338 331
130 361 354
135 385 378
140 410 403
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THERMODYNAMIC PROPERTIES OF R-422A

Temp | Pressure Pressure Density Density Enthalpy Enthalpy Entropy Entropy
Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor

[°F] [psia] [psia] [Ib/ftA3] Ib/ft"3] [BTU/Ib] [BTU/Ib] [BTU/R-Ib] [BTU/R-Ib]
-60 13.1 11.7 89.74 0.2803 -5.602 71.10 -0.01365 0.1798
-55 14.9 13.3 89.16 0.3217 -4.200 71.82 -0.01015 0.1791
-50 16.9 15.1 88.60 0.3659 -2.848 72.56 -0.00683 0.1785
-45 19.1 17.1 88.01 0.4166 -1.446 73.24 -0.00339 0.1780
-40 215 194 87.41 0.4727 0 73.97 0 0.1774
-35 24.2 22.0 86.82 0.5346 1.446 74.69 0.00339 0.1770
-30 27.1 24.7 86.21 0.6027 2.848 75.41 0.00676 0.1765
-25 30.2 27.7 85.62 0.6745 4.255 76.11 0.00997 0.1762
-20 33.7 31.0 85.00 0.7558 5.731 76.79 0.01329 0.1758
-15 37.5 34.6 84.38 0.8446 7177 77.51 0.01659 0.1755
-10 417 38.6 83.74 0.9415 8.666 78.19 0.01987 0.1752
-5 46.0 42.7 83.12 1.0430 10.10 78.84 0.02301 0.1750
0 50.8 474 82.47 1.1572 11.59 79.52 0.02626 0.1748
5 56.1 52.4 81.80 1.2809 13.08 80.20 0.02950 0.1746
10 61.7 57.8 81.13 1.4151 14.60 80.85 0.03271 0.1744
15 67.8 63.7 80.45 1.5604 16.13 81.52 0.03590 0.1742
20 74 1 69.8 79.78 1.7116 17.62 82.16 0.03897 0.1741
25 81.1 76.6 79.07 1.881 19.16 82.77 0.04216 0.1739
30 88.5 83.8 78.35 2.063 20.73 83.41 0.04533 0.1738
35 96.5 91.6 77.62 2.260 22.29 84.01 0.04847 0.1737
40 104.7 99.6 76.89 2.465 23.85 84.59 0.05153 0.1736
45 113.8 108.5 76.13 2.694 25.42 85.20 0.05467 0.1735
50 123.4 117.9 75.34 2.940 27.06 85.75 0.05780 0.1734
55 133.7 128.0 74.54 3.206 28.67 86.32 0.06095 0.1733
60 144.6 138.7 73.72 3.493 30.33 86.85 0.06408 0.1732
65 155.7 149.6 72.90 3.791 31.94 87.36 0.06710 0.1731
70 167.9 161.6 72.03 4.125 33.62 87.84 0.07025 0.1729
75 180.8 174.4 71.13 4.486 35.35 88.32 0.07339 0.1728
80 194.4 187.8 70.21 4.876 37.07 88.76 0.07654 0.1726
85 208.2 201.5 69.29 5.284 38.75 89.16 0.07958 0.1724
90 223.2 216.5 68.29 5.743 40.53 89.52 0.08275 0.1722
95 239.1 232.3 67.26 6.242 42.34 89.89 0.08593 0.1719
100 255.8 248.9 66.17 6.788 44.18 90.17 0.08915 0.1716
105 273.3 266.5 65.04 7.387 46.04 90.45 0.09240 0.1712
110 291.0 284 .1 63.89 8.020 47.88 90.63 0.09556 0.1708
115 310.2 303.4 62.63 8.746 49.85 90.79 0.09887 0.1703
120 3304 323.6 61.27 9.556 51.86 90.87 0.1023 0.1697
125 351.3 346.0 59.82 10.47 53.91 90.85 0.1057 0.1690
130 3725 367.6 58.30 11.47 55.99 90.73 0.1091 0.1681
135 3954 390.9 56.55 12.66 58.25 90.46 0.1128 0.1671
140 419.3 415.2 54.58 14.07 60.63 90.01 0.1166 0.1658
145 4443 440.7 52.27 15.82 63.19 89.30 0.1207 0.1640
150 470.2 467.2 49.39 18.11 66.07 88.13 0.1253 0.1616
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R-500 and R-502 Guidelines

Physical Properties of Refrigerants R-500 R-502 Available in the
Environmental Classification CFC CFC following sizes:
Molecular Weight 99.3 111.6
Boiling Point (1 atm, F) -28.5 -49.5 R-500
’ ' ' 30R500 30 Ib cylinder
Critical Pressure (psia) 605.2 582.8 50R500 50 Ib cylinder
Critical Temperature (F) 215.8 177.3 :3 ggsggg 1 1/25 Ib cyllinzer*
- . %2 ton cylinder*
Liquid Density (70 F, Ib./ftA3) 73 77
Vapor Density (bp, Ib./ft*3) 0.329 0.388 R-502
Heat of Vaporization (bp, BTU/Ib.) 86.4 74.2 gggggg 28 :E cy:!nger
o - cylinder
Specific Heat Liquid (70 F, BTU/Ib. F) 0.2782 0.2958 125R502 125 Ib cylinder*
Specific Heat Vapor (1 atm, 70 F, BTU/Ib. F) 0.1725 0.1641 875R502 ' ton cylinder*
Ozone Depletion Potential (CFC 11 = 1.0) 0.66 0.23 1750R502 1 ton cylinder®
Global Warming Potential (CO2 = 1.0) 7943 4581
ASHRAE Standard 34 Safety Rating A1 A1 *Deposit Required
National Refrigerants still has significant quantities of CFC Pressure-Temp Chart
refrigerants for sale. As an EPA Certified Reclaimer we are able to T?S)‘p (F;i?go) (iﬁ?gz)
consistently return used R-500, R-502, and other CFCs to ARI-700 -40 7.6" 41
specifications for purity. 35 46" 65
-30 1.2" 9.2
-25 1.2 12.1
AZEOTROPE: A mixture of tow or more refrigerants in which the -20 3.2 153
liquid and vapor have the same composition at equilibrium. In o o o
addition, the resulting pressure of the mixture is either higher or -5 104 26.7
lower than the pressure of any of its components. Azeotropes g 122 g;;
behave like pure component refrigerants because there is no 10 19.7 410
change in boiling temperature or shift in composition during phase 15 234 46.5
change, equipment operation or leakage. > s o
30 36.0 65.6
R-500 (R-12/152a, 73.8/26.2 wt%) ool oRy | s
Applications: air conditioning, dehumidifiers, centrifugal chillers 45 51.6 88.7
50 57.6 97.4
e 55 63.9 107
Retrofitting To: R-134a Check w/ OEM 60 706 116
R-401A, R-401B page 92 ;3(5) gi E;
R-409A page 92 75 935 149
R-414B page 92 80 102 161
85 11 174
90 121 187
R-502 (R-22/115, 48.8/51.2 wt%) 9 131 201
: : . : ; : : 100 141 216
Applications: low temperature refrigeration, ice machines 105 150 P
110 164 248
Retrofitting To: R-402A, R-402B page 93 Eg 1;; ggg
R-404A, R-507 page 94 125 203 301
R-408A page 93 130 217 321
135 232 341
R-422A page 95 140 248 363
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THERMODYNAMIC PROPERTIES OF R-500
Temp | Pressure Pressure| Density Density Enthalpy Enthalpy Entropy Entropy
Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor
[F] [psia] [psia] [Ib/ft"3] [Ib/ft"3] [Btu/Ib] [Btu/Ib] [Btu/R-Ib] [Btu/R-Ib]
-60 6.3 6.3 85.26 0.1498 -5.016 85.98 -0.01222 0.2155
-55 7.3 7.3 84.81 0.1713 -3.770 86.63 -0.00913 0.2143
-50 84 8.4 84.35 0.1951 -2.519 87.27 -0.00606 0.2131
-45 9.6 9.6 83.89 0.2215 -1.262 87.92 -0.00302 0.2120
-40 11.0 11.0 83.43 0.2506 0.000 88.56 0.00000 0.2110
-35 12.5 12.5 82.97 0.2826 1.268 89.20 0.00299 0.2100
-30 14.2 14.2 82.50 0.3177 2.541 89.83 0.00597 0.2091
-25 16.0 16.0 82.03 0.3561 3.820 90.47 0.00892 0.2083
-20 18.0 18.0 81.55 0.3980 5.106 91.10 0.01185 0.2074
-15 20.2 20.2 81.07 0.4436 6.397 91.73 0.01476 0.2066
-10 22.6 22.6 80.59 0.4932 7.695 92.35 0.01765 0.2059
-5 25.3 25.3 80.10 0.5470 9.000 92.97 0.02052 0.2052
0 28.1 28.1 79.61 0.6053 10.31 93.58 0.02337 0.2045
5 31.3 31.2 79.11 0.6682 11.63 94.19 0.02621 0.2039
10 34.6 34.6 78.61 0.7362 12.96 94.80 0.02903 0.2033
15 38.3 38.2 78.10 0.8095 14.29 95.40 0.03184 0.2027
20 42.2 421 77.59 0.8883 15.63 95.99 0.03463 0.2022
25 46.4 46.4 77.07 0.9730 16.98 96.58 0.03741 0.2016
30 50.9 50.9 76.55 1.064 18.34 97.16 0.04017 0.2011
35 55.8 55.7 76.01 1.161 19.70 97.73 0.04292 0.2007
40 61.0 60.9 75.48 1.266 21.08 98.29 0.04566 0.2002
45 66.6 66.5 74.93 1.378 22.46 98.85 0.04838 0.1998
50 72.5 724 74.38 1.497 23.85 99.40 0.05110 0.1993
55 78.9 78.7 73.82 1.625 25.25 99.94 0.05381 0.1989
60 85.6 85.4 73.25 1.761 26.66 100.5 0.05650 0.1985
65 92.8 92.5 72.67 1.907 28.09 101.0 0.05919 0.1982
70 100.4 100.1 72.08 2.062 29.52 101.5 0.06187 0.1978
75 108.4 108.1 71.48 2.228 30.96 102.0 0.06455 0.1974
80 116.9 116.6 70.87 2.405 3242 102.5 0.06722 0.1970
85 125.9 125.5 70.25 2.593 33.89 102.9 0.06988 0.1967
0 1354 135.0 69.62 2.794 35.37 103.4 0.072%4 0.1963
95 145.5 145.0 68.98 3.008 36.86 103.8 0.07520 0.1960
100 156.1 155.5 68.32 3.236 38.37 104.3 0.07785 0.1956
105 167.2 166.6 67.64 3.479 39.89 104.7 0.08051 0.1952
110 178.9 178.2 66.95 3.739 41.43 105.0 0.08316 0.1949
115 191.2 1904 66.25 4.016 42.99 105.4 0.08582 0.1945
120 2041 203.3 65.52 4.313 44.56 105.8 0.08849 0.1941
125 217.7 216.8 64.77 4.630 46.15 106.1 0.09115 0.1937
130 231.9 230.9 64.00 4970 a7.77 106.4 0.09383 0.1933
135 246.8 245.7 63.21 5.335 49.40 106.6 0.09652 0.1928
140 262.4 261.2 62.39 5.726 51.06 106.9 0.09922 0.1923
145 278.7 2774 61.54 6.148 52.74 107.1 0.1019 0.1918
150 295.7 2944 60.66 6.604 54.45 107.2 0.1047 0.1913
155 313.6 312.1 59.73 7.097 56.20 107.3 0.1074 0.1907
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THERMODYNAMIC PROPERTIES OF R-502

Temp | Pressure Pressure| Density Density Enthalpy Enthalpy Entropy Entropy
Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor

[F] [psia] [psia] [Ib/ft"3] [Ib/ft"3] [Btu/lb] [Btu/Ib] [Btu/R-Ib] [Btu/R-lb]
-60 111 10.9 93.91 0.2941 -4.736 70.99 -0.01153 0.1781
-55 12.7 12.5 93.35 0.3342 -3.561 71.59 -0.00861 0.1772
-50 14.5 14.3 92.78 0.3786 -2.380 72.18 -0.00572 0.1764
-45 16.5 16.3 92.20 0.4273 -1.193 72.77 -0.00285 0.1756
-40 18.7 18.5 91.62 0.4808 0.000 73.36 0.00000 0.1749
-35 211 20.9 91.04 0.53%4 1.200 73.95 0.00283 0.1742
-30 23.7 23.5 90.45 0.6034 2.406 74.53 0.00564 0.1736
-25 26.6 26.4 89.85 0.6731 3.619 75.11 0.00843 0.1730
-20 29.8 29.6 89.25 0.7490 4.839 75.68 0.01121 0.1724
-15 33.2 33.0 88.64 0.8313 6.066 76.25 0.01397 0.1719
-10 37.0 36.8 88.03 0.9205 7.301 76.81 0.01671 0.1713
-5 41.0 40.8 87.40 1.017 8.544 77.37 0.01944 0.1709
0 454 452 86.78 1.121 9.795 77.92 0.02216 0.1704
5 50.1 50.0 86.14 1.234 11.05 78.47 0.02486 0.1700
10 55.2 55.1 85.49 1.355 12.32 79.00 0.02755 0.1696
15 60.7 60.6 84.84 1.486 13.60 79.53 0.03023 0.1692
20 66.6 66.5 84.17 1.626 14.89 80.06 0.03290 0.1688
25 729 72.8 83.50 1.777 16.18 80.57 0.03556 0.1684
30 79.6 79.5 82.82 1.939 17.49 81.07 0.03821 0.1681
35 86.8 86.7 82.12 2113 18.80 81.57 0.04085 0.1677
40 94.5 94.4 81.42 2.299 20.13 82.05 0.04348 0.1674
45 102.7 102.6 80.70 2.499 21.47 82.52 0.04611 0.1671
50 1114 111.3 79.97 2.712 22.82 82.98 0.04874 0.1668
55 120.6 120.5 79.22 2.942 24.18 83.43 0.05135 0.1665
60 130.4 130.3 78.46 3.187 25.56 83.86 0.05397 0.1662
65 140.7 140.7 77.68 3.450 26.95 84.28 0.05658 0.1659
70 151.7 151.6 76.88 3.731 28.35 84.68 0.05920 0.1656
75 163.3 163.2 76.07 4.033 29.77 85.07 0.06181 0.1652
80 175.5 175.4 75.23 4.357 31.20 85.43 0.06442 0.1649
85 188.4 188.3 74.37 4.705 32.66 85.78 0.06704 0.1646
90 201.9 201.9 73.49 5.079 34.13 86.10 0.06967 0.1642
95 216.2 216.2 72.58 5.481 35.62 86.40 0.07230 0.1639
100 231.3 231.2 71.64 5.914 37.13 86.67 0.07495 0.1635
105 247 1 247.0 70.66 6.382 38.67 86.91 0.07761 0.1630
110 263.6 263.6 69.65 6.889 40.23 87.11 0.08029 0.1626
115 281.0 281.0 68.59 7.438 41.82 87.28 0.08298 0.1621
120 299.3 299.3 67.48 8.037 43.44 87.41 0.08571 0.1616
125 3184 3184 66.32 8.692 4510 87.49 0.08847 0.1610
130 338.5 338.5 65.08 9.412 46.80 87.51 0.09127 0.1603
135 359.5 359.5 63.77 10.21 48.55 87.47 0.09412 0.1596
140 3814 3814 62.36 11.10 50.36 87.35 0.09704 0.1587
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Physical Properties of Refrigerants R-503 Available in the
Environmental Classification CFC following sizes:
Molecular Weight 82.3
Boiling Point (1 atm, F) 1255 R-503
Critical Pressure (psia) 618.6 5R503 5 Ib cylinder
Critical Temperature (F) 65.2
Critical Density (Ib./ftA3) 34.4 9R503 9 Ib cylinder*
Liquid Density (70 F, Ib./ft*3) 66.3 20R503 23 Ib cylinder*
Vapor Density (bp, Ib./ft"3) 0.373
Heat of Vaporization (bp, BTU/Ib.) 77.1 80R503 80 Ib cylinder*
Specific Heat Liquid (70 F, BTU/Ib. F) 0.3774
Specific Heat Vapor (1 atm, 70 F, BTU/Ib. F) 0.1537
Ozone Depletion Potential (CFC 11 = 1.0) 0.06
Global Warming Potential (CO2 = 1.0) 13408
ASHRAE Standard 34 Safety Rating A1 *Deposit Required
Pressure-Temp Chart
Very low temperature refrigeration systems typically operate in Temp R503
two or more stages (cascade type systems). It would be nearly (F) (psig)
impossible to achieve low temperatures in a single stage with an gg g?
inexpensive comrpessor. The traditional cascade system has a :1 15 6.0
low temperature stage that uses the lower boiling point gas, such -110 93
as R-13 or R-503, and a high stage that typically uses R-12, R-22 -105 12.9
or R-502. -100 16.9
-95 21.4
The high stage evaporator provides the correct condensation -90 26.3
temperature for the low stage so that compressors in both stages 'gg g;?
can run at “normal” pressures. 75 442
-70 51.3
-65 59.0
R-503 (R-23/13) gg %j
0 = .
(40.1/59.9 wt%) 50 86.1
C . . -45 96.6
Applications: Very low temperature refrigeration (low stage of a 40 108
cascade system) 35 120
-30 133
Retrofitting: R-508B page 96 -25 147
-20 161
-15 177
-10 194
-5 212
0 230
5 250
10 272
15 294
20 318
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THERMODYNAMIC PROPERTIES OF R-503
Temp | Pressure Pressure| Density Density Enthalpy Enthalpy Entropy Entropy
Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor
[F] [psia] [psia] [Ib/ft"3] [Ib/ftA3] [Btu/lb] [Btu/lb] [Btu/R-Ib] [Btu/R-Ib]
-140 9.1 9.1 94.67 0.2374 -25.81 53.32 -0.06936 0.1782
-135 10.8 10.8 94.04 0.2788 -24.60 53.82 -0.06562 0.1759
-130 12.7 12.7 93.40 0.3257 -23.39 54.30 -0.06192 0.1737
-125 14.9 14.9 92.75 0.3785 -22.16 54.79 -0.05826 01717
-120 174 17.4 92.09 0.4377 -20.94 55.26 -0.05464 0.1697
-115 20.3 20.2 91.43 0.5039 -19.70 55.73 -0.05105 0.1678
-110 23.5 234 90.75 0.5776 -18.46 56.19 -0.04748 0.1660
-105 27.0 26.9 90.06 0.6595 -17.21 56.64 -0.04395 0.1643
-100 31.0 30.9 89.36 0.7500 -15.95 57.08 -0.04045 0.1627
-95 354 35.2 88.65 0.8500 -14.68 57.51 -0.03698 0.1611
-90 40.2 40.0 87.93 0.9601 -13.40 57.93 -0.03352 0.1595
-85 45.6 45.3 87.19 1.081 -12.12 58.34 -0.03010 0.1580
-80 514 511 86.44 1.214 -10.82 58.74 -0.02669 0.1566
-75 57.9 57.5 85.67 1.359 -9.512 59.12 -0.02330 0.1552
-70 64.9 64.4 84.89 1.517 -8.192 59.49 -0.01993 0.1539
-65 72.5 72.0 84.09 1.690 -6.861 59.85 -0.01658 0.1525
-60 80.8 80.1 83.28 1.878 -5.517 60.19 -0.01324 0.1513
-55 89.7 89.0 82.45 2.083 -4.159 60.51 -0.00992 0.1500
-50 99.4 98.6 81.60 2.306 -2.788 60.82 -0.00660 0.1488
-45 109.9 108.9 80.72 2.549 -1.402 61.11 -0.00330 0.1476
-40 121.1 120.0 79.83 2.812 0.000 61.37 0.00000 0.1464
-35 133.2 131.9 78.91 3.097 1.419 61.62 0.00329 0.1452
-30 146.1 144.7 77.96 3.408 2.855 61.84 0.00659 0.1440
-25 160.0 158.3 76.99 3.745 4.312 62.04 0.00988 0.1428
-20 174.8 172.9 75.99 4112 5.789 62.21 0.01318 0.1416
-15 190.5 188.5 74.95 4.511 7.289 62.35 0.01648 0.1404
-10 207.3 205.1 73.87 4.946 8.813 62.45 0.01980 0.1392
-5 225.2 222.7 72.76 5.421 10.37 62.52 0.02313 0.1379
0 244 .1 241.5 71.59 5.941 11.95 62.54 0.02648 0.1367
5 264.2 261.4 70.37 6.512 13.56 62.52 0.02987 0.1353
10 285.6 282.5 69.09 7.142 15.22 62.44 0.03329 0.1339
15 308.1 304.8 67.74 7.839 16.92 62.30 0.03676 0.1325
20 332.0 328.5 66.31 8.616 18.67 62.09 0.04029 0.1309
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Physical Properties of Refrigerants R-503 Available in the
Environmental Classification HFC following sizes:
Molecular Weight 98.9
Boiling Point (1 atm, F) 52,8 R-507
Cr!t!cal Pressure (psia) 539 25R507 25 Ib cylinder
Critical Temperature (F) 159 100R507 100 Ib cylinder*
Critical Density (Ib./ft"3) 30.7 1400R507 1 ton cylinder*
Liquid Density (70 F, Ib./ft"3) 66.65
Vapor Density (bp, Ib./ft"3) 0.349
Heat of Vaporization (bp, BTU/Ib.) 84.35
Specific Heat Liquid (70 F, BTU/Ib. F) 0.3593
Specific Heat Vapor (1 atm, 70 F, BTU/Ib. F) 0.2064
Ozone Depletion Potential (CFC 11 = 1.0) 0
Global Warming Potential (CO2 = 1.0) 3925
ASHRAE Standard 34 Safety Rating A1 *Deposit Required
Pressure-Temp Chart
R-507 (R-125/143a) T‘(eFTp (F;i%?)
(50 / 50 wt%) 40 55
-35 8.2
-30 11.1
An azeotropic blend of R-125 and R-143a intended for low temperature -25 14.3
and medium temperature refrigeration. Similar to R-404A in operation, 2 A
most new equipment has been built to use either blend interchangably. -10 25.8
The pressure and capacity of R-507 are slightly higher than R-404A, 15 s
and both are higher than R-502. R-507 requires POE lubricant. If 5 405
retrofitting R-502 equipment, oil flushing will be required. 1(5) ;‘g;
20 5&8
Applications: low temperature and medium temperature refrigeration §8 ?gg
35 8f3
Retrofitting: for R-502 page 94 jg ggg
for R-22 page 91 50 100
55 119
60 130
65 141
70 154
75 167
80 180
85 195
90 210
95 226
100 244
105 252
110 281
115 301
120 322
125 344
130 368
135 393
140 419
145 446
150 475
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THERMODYNAMIC PROPERTIES OF R-507
Temp | Pressure Pressure| Density Density Enthalpy Enthalpy Entropy Entropy
Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor
[F] [psia] [psia] [Ib/ftA3] [Ib/ftA3] [Btu/lb] [Btu/lb] [Btu/R-Ib] [Btu/R-Ib]
-60 12.1 12.1 83.10 0.2899 -5.871 79.54 -0.01429 0.1994
-55 13.9 13.9 82.57 0.3298 -4.416 80.26 -0.01068 0.1986
-50 15.8 15.8 82.03 0.3738 -2.952 80.98 -0.00709 0.1978
-45 18.0 18.0 81.49 0.4223 -1.480 81.69 -0.00354 0.1970
-40 204 204 80.94 0.4756 0.000 82.40 0.00000 0.1964
-35 23.1 23.1 80.39 0.5340 1.489 83.11 0.00351 0.1957
-30 26.0 26.0 79.83 0.5980 2.987 83.81 0.00700 0.1951
-25 29.2 29.2 79.27 0.6678 4.494 84.51 0.01047 0.1946
-20 32.7 32.7 78.70 0.7439 6.010 85.20 0.01392 0.1940
-15 36.5 36.5 78.12 0.8267 7.537 85.88 0.01735 0.1935
-10 40.7 40.7 77.53 0.9166 9.073 86.56 0.02077 0.1931
-5 452 45.2 76.94 1.014 10.62 87.23 0.02417 0.1927
0 50.1 50.0 76.34 1.120 12.18 87.89 0.02755 0.1923
5 55.3 55.3 75.73 1.234 13.75 88.55 0.03091 0.1919
10 61.0 60.9 75.11 1.357 15.33 89.19 0.03427 0.1915
15 67.1 67.0 74.48 1.491 16.92 89.83 0.03761 0.1912
20 73.6 73.6 73.84 1.634 18.52 90.45 0.04094 0.1909
25 80.6 80.6 73.18 1.789 20.14 91.07 0.04426 0.1906
30 88.1 88.1 72.52 1.956 21.77 91.67 0.04757 0.1903
35 96.1 96.1 71.84 2.136 23.42 92.26 0.05087 0.1900
40 104.7 104.6 71.15 2.329 25.08 92.84 0.05417 0.1898
45 113.8 113.7 70.45 2.537 26.76 93.40 0.05746 0.1895
50 123.5 123.4 69.73 2.761 28.45 93.94 0.06075 0.1892
55 133.8 133.7 68.99 3.002 30.17 94.47 0.06404 0.1890
60 144.7 144.6 68.23 3.262 31.90 94.97 0.06733 0.1887
65 156.3 156.1 67.45 3.541 33.65 95.46 0.07062 0.1884
70 168.5 168.3 66.65 3.843 35.42 95.92 0.07392 0.1882
75 181.5 181.3 65.82 4,169 37.21 96.36 0.07722 0.1879
80 195.1 194.9 64.97 4.521 39.03 96.77 0.08053 0.1875
85 209.6 2094 64.08 4.902 40.87 97.15 0.08386 0.1872
0 224.8 224.6 63.17 5.315 42.75 97.50 0.08720 0.1868
95 240.8 240.6 62.21 5.764 44.65 97.80 0.09056 0.1864
100 257.7 257.5 61.21 6.255 46.59 98.07 0.09395 0.1859
105 275.5 275.2 60.17 6.792 48.57 98.28 0.09737 0.1854
110 294.2 293.9 59.07 7.382 50.59 98.43 0.1008 0.1848
115 313.8 313.5 57.91 8.035 52.66 98.52 0.1043 0.1842
120 334.4 3341 56.67 8.762 54.79 98.53 0.1079 0.1834
125 356.1 355.8 55.34 9.580 56.98 98.44 0.1116 0.1825
130 378.8 378.6 53.89 10.51 59.26 98.24 0.1153 0.1814
135 402.7 402.5 52.29 11.59 61.64 97.87 0.1192 0.1801
140 427.9 427.6 50.50 12.86 64.17 97.30 0.1233 0.1785
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R-508B Guidelines

Physical Properties of Refrigerants R-508B Available in the
Environmental Classification HFC following sizes:
Molecular Weight 95.4
Boiling Point (1 atm, F) -125.3 R-508B
Critical Pressure (psia) 556.1 5R508B 5 Ib cylinder
Critical Temperature (F) 53.7 10R508B 10 Ib cylinder*
Critical Density (Ib./ftA3) 35.6 ggsgggg ;8 :B cy:!nger:
Liquid Density (70 F, Ib./ftA3) 65.63 cylinder
Vapor Density (bp, Ib./ft"3) 0.409
Heat of Vaporization (bp, BTU/Ib.) 71.4
Specific Heat Liquid (70 F, BTU/Ib. F) 0.4263
Specific Heat Vapor (1 atm, 70 F, BTU/Ib. F) 0.1701
Ozone Depletion Potential (CFC 11 = 1.0) 0
Global Warming Potential (CO2 = 1.0) 11030
ASHRAE Standard 34 Safety Rating A1 *Deposit Required
Pressure-Temp Chart
A blend of R-23 and R-116 intended for very low temperature Temp R508B
refrigeration systems. R-508B has properties very similar to R-503 (F) (psig)
and can be used to replace R-13 or R-503 in an existing system. Eg g?
New equipment is mostly being manufactured with R-508B in the :115 6.0
low stage. POE lubricants should be used and it may still be 110 93
necessary to use hydrocarbon additives to help with oil circulation. -105 12.9
Check with OEM for specific oil and charging recommendations. -100 16.9
-95 214
R-508B  (R-23/116) gg g?g
o - .
(46 / 54 wt%) 80 378
o _ _ -75 44.4
Applications: Very low temperature refrigeration (low stage of a 70 515
cascade system) -65 59.3
-60 67.8
Retrofitting: for R-503 page 96 -95 76.9
-50 86.8
-45 975
-40 109
-35 121
-30 135
-25 149
-20 164
-15 180
-10 197
5 216
0 235
5 256
10 278
15 301
20 326
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THERMODYNAMIC PROPERTIES OF R-508B
Temp | Pressure Pressure| Density Density Enthalpy Enthalpy Entropy Entropy
Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor
[F] [psia] [psia] [Ib/ft"3] [Ib/ft"3] [Btu/lb] [Btu/lb] [Btu/R-Ib] [Btu/R-Ib]
-160 41 3.9 100.7 0.1181 -32.27 4415 -0.08953 0.1664
-155 5.1 4.8 99.96 0.1438 -30.98 4472 -0.08527 0.1640
-150 6.2 5.9 99.24 0.1737 -29.70 45.29 -0.08109 0.1618
-145 7.5 7.2 98.52 0.2083 -28.42 45.85 -0.07699 0.1596
-140 8.9 8.6 97.80 0.2482 -27.14 46.40 -0.07297 0.1576
-135 10.6 10.3 97.08 0.2937 -25.86 46.95 -0.06900 0.1557
-130 12.6 12.3 96.37 0.3455 -24.57 47.49 -0.06509 0.1539
-125 14.8 14.5 95.65 0.4041 -23.29 48.03 -0.06124 0.1522
-120 174 171 94.92 0.4701 -22.00 48.56 -0.05743 0.1505
-115 20.2 19.9 94.19 0.5441 -20.70 49.08 -0.05366 0.1490
-110 234 23.1 93.45 0.6269 -19.40 49.59 -0.04993 0.1476
-105 27.0 26.7 92.70 0.7191 -18.09 50.10 -0.04623 0.1462
-100 31.0 30.8 91.94 0.8214 -16.77 50.59 -0.04256 0.1449
-95 35.5 35.2 91.18 0.9347 -15.45 51.08 -0.03892 0.1436
-90 40.4 40.1 90.39 1.060 -14.11 51.56 -0.03531 0.1424
-85 45.8 45.6 89.60 1.198 -12.76 52.02 -0.03172 0.1412
-80 51.7 51.6 88.79 1.349 -11.40 52.48 -0.02815 0.1401
-75 58.3 58.1 87.96 1.515 -10.03 52.92 -0.02460 0.1391
-70 65.4 65.3 87.12 1.697 -8.648 53.35 -0.02106 0.1381
-65 73.2 73.0 86.25 1.896 -7.249 53.76 -0.01753 0.1371
-60 81.6 81.5 85.36 2114 -5.834 54.17 -0.01402 0.1361
-55 90.7 90.7 84.45 2.351 -4.403 54.55 -0.01051 0.1352
-50 100.6 100.6 83.51 2.611 -2.955 54,92 -0.00701 0.1343
-45 111.3 111.3 82.55 2.893 -1.487 55.27 -0.00350 0.1334
-40 122.8 122.8 81.55 3.202 0.000 55.60 0.00000 0.1325
-35 135.2 135.1 80.52 3.539 1.509 55.90 0.00351 0.1316
-30 148.4 148.4 79.45 3.906 3.041 56.18 0.00702 0.1307
-25 162.6 162.6 78.34 4.308 4,598 56.44 0.01055 0.1298
-20 177.8 177.8 77.18 4,748 6.182 56.66 0.01409 0.1289
-15 194.0 194.0 75.98 5.231 7.796 56.85 0.01765 0.1280
-10 211.3 211.3 74.72 5.763 9.441 56.99 0.02123 0.1270
-5 229.7 229.6 73.40 6.350 11.12 57.10 0.02484 0.1260
0 249.3 249.2 72.02 7.000 12.84 57.15 0.02849 0.1249
5 270.1 270.0 70.56 7.725 14.59 57.13 0.03218 0.1237
10 292.2 2921 69.02 8.540 16.40 57.05 0.03592 0.1225
15 315.7 315.6 67.39 9.461 18.26 56.88 0.03972 0.1211
20 340.6 340.5 65.63 10.52 20.18 56.60 0.04361 0.1195
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Ultra-Low Temperature Refrigeration

The lowest temperatures that can be achieved in practical, single-stage refrigeration systems
are about —40 F to —50 F. Using refrigerants such as R-22 or R-404A, a single-stage system is
limited by the compression ratio of the compressor and the ambient temperature in which it
must condense the refrigerant. Temperatures from —-50 F down to —120 F or lower can only be
achieved economically by using Cascade refrigeration systems.

A typical cascade system is shown in Figure 1. A standard refrigeration system is used on the
“high side” (a) to create a cold temperature in the cascade condenser (b). The “low side”
system (c) is able to condense at —20 F to —30 F and evaporate as low as —120 F with the
available refrigerants before they go into vacuum. Larger systems tend to have some kind of
oil separator and oil management system (d) to keep the oil in the compressor. Some systems
also employ an expansion tank (e) to keep the refrigerant from generating extreme pressures
at room temperature when the system is off.

Ultra-low temperature systems are used to achieve low temperature baths or boxes for
laboratory use, storage of pharmaceuticals or biological samples, low temperature
manufacturing of metals, or extreme-temperature-environment testing.

Evaporator

il

Heat Exchanger e Heat Exchanger
Drier (©) $ ™ Drier

e L I S

TX Solonoid (b)

Cascade Condenser

nnnnnnn

¢ (e)  Expansion Tank
r

T @)
Solonoid !i |
S : i ’

A
é(: U Oil Separator S TR
S @ AL

Low Stage Compressor High Stage Condensing Unit

Figure 1: Piping arrangement of a typical cascade system, consisiting of two simple single
stage systems with a common component in the cascade condenser.
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Ultra-Low Temperature Refrigeration

Traditional High Side Refrigerants: R-12, R-22, R-502,
More Recent High Side Refrigerants: R-134a, R-404A or R-507.

Traditional Low Side Refrigerantts: R-13, R-503
More Recent Low Side Refrigerants: R-23, R-508B

Qil Circulation: Standard refrigeration oils will become very thick at low temperatures and will
not flow around the system back to the compressor. If the compressor were to get cold
enough, the oil would gel inside the compressor sump and not provide lubrication. Many
systems rely on the refrigerant to soak into the oil and move it around the system, which works
down to around —100 F. In addition, systems with short run times will allow the oil to return to
the compressor when the evaporator warms.

Systems that run for longer times, at colder temperatures, or involve complicated piping will
need to use an oil separator after the low stage compressor(s). In addition, hydrocarbon
refrigerants are typically added to the system so they can soak into the oil and keep it fluid at
very low temperatures. The amound of hydrocarbon used is typically between 5 - 10% (by
weight) of the refrigerant charge. National Refrigerants supplies these hydrocarbons for use in
cascade systems:

Part No. Size Product

3R170 3LB. CYL. R-170 (ETHANE)
004R170 4 0Z.CYL. R-170 (ETHANE)
004R1150 4 OZ.CYL. R-1150 (ETHYLENE)
016R600 16 OZ. CYL. R-600 (BUTANE)
016R600a 16 OZ. CYL. R-600a (ISOBUTANE)
014R290 14 OZ. CYL. R-290 (PROPANE)
016PENTANE 16 OZ. CAN PENTANE LIQUID

Moisture: Removal of moisture is more important in cascade systems than it is in higher
temperature ranges. Refrigerants such as R-22 and R-404A can absorb and carry much more
water than the 10 ppm specification and the 30 to 50 ppm indication level of a sight glass. In
contrast, R-13 is estimated to only hold about 0.1 ppm of water at —80 F. Excess moisture will
definitely separate from the refrigerant and clog capillary tubes or cause other problems.
Maintenance of driers becomes very important for the low stage of a cascade system.

Expansion Volume: Refrigerants in the low stage must maintain “normal” operating pressures,
as far as the compressor is concerned, at very low temperatures. These refrigerants will
condense around —30 F to —20 F at pressures from 110 psig to 160 psig. When these
refrigerants warm up to room temperature, however, the saturation pressure, or in some cases
the critical pressure, can exceed 700 psig.

Rather than going to the expense of building systems to withstand these pressures, an
expansion tank or other system volume is provided. The charge expands into the extra
volume, allowing all liquid to boil completely to vapor. Simple gas laws dictate how much
volume is needed to keep the charge at a gas pressure of usually no more than 250 psig.
Using this principle, systems are often charged simply by bringing the empty system up to
some static pressure.

For additional information on Retrofitting, see page 96
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Introduction to Retrofitting

Background

Given a piece of air conditioning or refrigeration equipment, the components of that
system have been engineered specifically around the properties of the refrigerant used.
When replacement of that refrigerant becomes necessary for regulatory or economic
reasons, the replacement refrigerant should have as many properties similar to the
original refrigerant as possible. This will minimize hardware changes, control
adjustments, or other time consuming operations such as oil changes.

Since the late 1980s, the development of blends has focused on matching the properties
of the original refrigerant in order to offer some advantage over the competition. Early R-
12 blends focused on evaporator performance in refrigeration systems, however it
became clear that more R-12 was sold into automotive air conditioning. The higher
condenser temperatures in that application created a second wave of blends with lower
head pressures. Early 502 retrofit blends simply removed the R-115, a CFC, and mixed
the new HFC components with R-22.

As early as 1992, manufacturers and suppliers of R-22 based air conditioning equipment
were looking for alternatives. While the focus was mainly on replacing R-22 for newly
built equipment, several retrofit blends were also identified in the process.

Today

2005 marked the 10" year since the phaseout of R-12 and R-502 production. Retrofitting
has been a standard practice in the industry for much of that time, and the market for
retrofit blends is winding down because there are fewer and fewer old systems left to
retrofit. The R-22 market, on the other hand, is just beginning to realize the need for
retrofitting the refrigerant.

January 2006 began adoption of the 13 SEER minimum efficiency rating for residential
AC units, and availability of R-22 condensing units is expected to drop off quickly after
this date as manufacturers move production to R-410A. Although there are several
retrofit blends available for R-22, there will be differences in properties compared to R-
22 that will make the technician’s job a little harder.

Blends Tutorial

The following information is designed to help technicians understand how blends are
different from single-component refrigerants. Fractionation and temperature glide are
explained in a way that shows the impact on system operation and controls. Actual
products and their impact on the market are discussed near the end, and retrofit
procedures are given for a variety of products and equipment.
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Single Components vs. Blends

By Convention, Higher Pressure Component is First (P*, > P*g)

Blends are made up of two or more single component refrigerants. When mixing refrigerants,
for example refrigerant “A” and refrigerant “B,” we generally speak about the higher
pressure, higher capacity blend first. For purposes of this tutorial, “A” will be the higher
pressure product.

When two or more refrigerants are placed into the same container, one of two situations will
occur, depending on how strong the different molecules are attracted to each other:

Azeotrope: a blend that behaves like a single component refrigerant. When a blend
forms an azeotrope it displays unique and unexpected properties.

Zeotrope: a blend that behaves like a mixture of the individual components. Zeotropes
have predictable properties based on combinations of the pure components’ properties.

Two new properties (to be explained soon) are Fractionation and Temperature Glide. We can
split the zeotropic blends into Low Fractionation Potential, which also show Low
Temperature Glide, and High Fractionation Potential, which also show High Temperature
Glide. Generally speaking, zeotropic blends with lower temperature glides do not show the
same problems with fractionation that higher glide blends will.
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Pressure Temperature Curves
for Refrigerant Blends

Azeotropic Behavior Zeotropic Behavior

BP, —

BPg

A (A+B) B A (A+B) B

Azeotrope: a special case where the refrigerants combine in a unique way. At the azeotropic
composition the blend behaves like a single refrigerant with its own P-T relationship. The
pressure after mixing is either higher than the pressures of the individual components, or it is
lower than either component. Because the refrigerants are attracted in a special way the vapor
in equilibrium with the liquid is at the same composition during phase change.

Note: the azeotropic composition depends on temperature. The same combination of
refrigerants may form an azeotrope at a different composition, or not at all, at some
other temperature.

Zeotrope: the pressure-temperature relationship is a natural combination of the components’
properties. The pressure for the blend falls between the pressures of its components, and can
be calculated according to established formulas. Given the P-T relationship for each
refrigerant we can calculate the resulting pressure and the vapor composition above the liquid
for any given liquid composition.

In general, if a lot of A is mixed with B, then the blend will have a pressure close to A. If
more B is in the mix, then the blend will have a pressure close to B. If you mix equal
amounts, the resulting pressure will fall in between. Blend compostions can be adjusted so the
blend properties fall exactly where you want. The problem, however, is that you usually can’t
get all the properties to match the original refrigerant under all conditions. You must trade off
which properties you want to match and which ones will be different.
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New Variable: Composition

Pressure —»

(evap.) (cyl.) (cond.)
Temperature —p

Once a blend is mixed at a given composition, the pressure-temperature relationships follow
the same general rules as for pure components; for example, the pressure goes up when the
temperature goes up. For three blends containing different amounts of A and B, the pressure
curve is similarly shaped, but the resulting pressure will be higher for the blend which
contains more of the A (higher pressure) component.

Refrigerant blends that are intended to match some other product (R-12, for example) will
rarely match the pressure at all points in the desired temperature range. What is more common
is that the pressure of the blend will match in one region, but will be different elsewhere.

In the above example, the blend with concentration C1 matches the pure refrigerant at cold
evaporator temperatures, but the pressures run higher at condenser conditions. The blend with
composition C2 matches closer to room temperature, and might show the same pressure in a
cylinder being stored, for example. The operation pressures at evaporator and condenser
temperatures, however, will be somewhat different. Finally, the blend at C3 will generate the
same pressures at hot condenser conditions, but the evaporator must run at lower pressures to
get the same temperature. We will see later that the choice of where the blend matches the
pressure relationship can solve (or cause) certain retrofit-related problems.

The other thing that we can see from this graph is that if a blend loses some of the higher-
pressure component, the remaining blend will have lower operating pressures in order to
achieve the same temperatures.
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Introduction to Fractionation:
Behavior of Individual Refrigerant Molecules

@ In zeotropic mixtures <8
K &° 3 “A” refrigerant molecules o>

e
&7"{7% z move independently from j Pq.o 2
N o s “B” refrigerant molecules. 29 o
RN @ 8.8 9,9
S ITRG e
EARos A y NI ‘ R a04
g. \ff& o Vo < Q{. L glt)'og%‘;?g
¥o YO
AL RN RS
LoD NO
O \J . .
P, is Higher Combined P Pg is Lower
(more movement) A more active than B (less movement)

There are two basic behaviors of refrigerant molecules that will help explain why
fractionation occurs:

1. Pure refrigerants, A or B, exert pressure on the cylinder (or a system) because the
molecules are moving around. At higher temperatures they move around faster, which means
more pressure. At lower temperatures there is less movement, so lower pressure.

Different refrigerants have different energies at the same temperature, andtherefore
generate higher or lower pressures.

2. Molecules of refrigerant are constantly moving from liquid to vapor and vapor to liquid at
the surface of the liquid. Vapor and liquid at equilibrium transfer the same number of
molecules back and forth; boiling liquid transfers more from liquid to vapor; and condensing
vapor transfers more from vapor to liquid.

Different refrigerants transfer back and forth to the vapor at different rates.

When you mix A and B together, and they don’t form an azeotrope, the individual refrigerant
molecules behave as if the other type is not there. The As bounce harder than the Bs,
contributing more pressure to the blend, but more importantly - the As transfer back and forth
to the vapor faster than the Bs. This means there are more As in the vapor than there are Bs.
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Fractionation of Blends

Low Fractionation High Fractionation
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When vapor is removed from a cylinder or system containing a zeotropic blend, two things
are going to happen: 1) the vapor being removed is at the wrong composition, it will have
more of the higher pressure/higher capacity refrigerant component; and 2) the liquid that is
left behind boils more of the higher pressure component out of the liquid to replace the vapor.
Eventually the liquid composition changes because more of the A component leaves the
container compared to the bulk liquid composition.

FRACTIONATION is the change in composition of a blend because one (or more) of
the components is lost or removed faster than the other(s).

A large difference between the pressures of the starting components will cause a greater
difference in the vapor composition compared to liquid. This will worsen the effect of
fractionation on that blend. The High Fractionation Potential blend shown above will produce
a vapor composition of 80% A and 20% B above the liquid composition of 50/50.

The closer the individual component pressure become to each other, then the more similar the
transfer of molecules to the vapor becomes. The Low Fractionation Potential blend shown
above will not have that different a vapor composition compared to the liquid. In this case, it
will take a long time to noticeably change the liquid composition away from 50/50.

Temperature Glide (discussed soon) will be higher for High Fractionation blends, and lower
for Low Fractionation blends.
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Effects of Fractionation in a Cylinder

« Charge wrong composition - poor system behavior
* Leave behind wrong composition - rest of cylinder
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In order to avoid charging the wrong composition and fractionating the remaining blend,
zeotropic blends must be removed from the cylinder as a liquid. This can be done by
turning the cylinder over so the valve is on the bottom, or forcing the product through a dip
tube to the valve.

* All of the major manufacturers have removed dip tubes from their “30 1b.”
packages as of 1999. There may be some older cylinders, or products from third
party packaging companies, that still contain dip tubes. Check the box or cylinder
labels for instructions on which side should be up for liquid removal.

Liquid charging does not mean that liquid refrigerant should be pushed into the suction line
of the system, allowing it to slug the compressor. After the initial charge into the high side
of a system, the technician should start the compressor complete the charging process by
flashing the refrigerant from liquid to vapor in the charging hose or across specially
designed valves. Any method that allows the refrigerant to go to vapor before it hits the
compressor should work. Generally the refrigerant needs to be added slowly at this point.

Please note: When liquid and vapor are together in a cylinder or in a system, IT IS
ALWAYS THE VAPOR THAT GOES TO THE WRONG COMPOSITION.
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Fractionation Effects on
System Charge

At Rest Running
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A system at rest will allow the refrigerant to pool and the vapor to come to an equilibrium
concentration above the liquid. Leaks that occur in vapor areas of the equipment will allow
fractionation of the blend. The worst case will occur when about half of the refrigerant charge
has leaked. (Small amounts leaked from a system will not change the remaining blend by
much. Large leaks will shift the composition, but the majority of the pounds after recharge
will be from fresh product at the right composition.)

Recharging the system after repair will result in a blend with slightly reduced capacity and
operating pressures. In smaller systems, where charge size is critical, it will be best to pull any
remaining refrigerant and charge with fresh blend. In larger systems you will need to make a
decision whether the remaining charge should be pulled or not. Note: for Low Fractionation
Potential blends you will not see much shift in composition anyway, and therefore the charge
can be topped off after repair without loss of properties.

In running systems it has been found that the circulating composition is the bulk blend
composition. In liquid and suction lines there is no second phase, and in the heat exchangers
there is much turbulence so leaks will lose both vapor and liquid. Testing has shown that leaks
from a running system do not cause fractionation, and a normally cycling system will not
fractionate much on the off cycle.

In other words, in most cases, servicing systems with blends does not require full recovery of
the charge. After repair, most systems can be topped off with the blend.
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Fractionation Effects on
Some System Components

Flooded Evaporator Suction Accumulator
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Flooded Evaporators are designed to keep a pool of boiling liquid refrigerant surrounding a
bundle of tubes. The water, brine, or product to be cooled flows through the tubes. The vapor
that boils off this pool is returned to the compressor, condensed, then poured back into the
pool.

In the case of zeotropic blends, the vapor that boils off this pool of refrigerant will be at the
fractionated composition. If the properties at this composition differ significantly from what
the compressor expects, then the system could develop high head pressures, high amperage
draw at the compressor, reduced cooling effectiveness (capacity) in the evaporator, etc.
Normally it is not recommended to use blends in this type of system.

Suction Accumulators are placed in the suction line before the compressor to keep liquid
from flowing into the compressor. The liquid slug is trapped in the accumulator where it can
boil off to vapor, combining with other suction gas. Zeotropic blends will fractionate in the
accumulator, giving a short-lived spike of higher-pressure vapor back to the compressor.

Systems with suction accumulators should not be overcharged with the expectation that the
accumulator will protect the compressor. (This may lead to frequent pressure spikes.) Also,
this type of system should never be charged by dumping liquid refrigerant into the suction line
and allowing it to vaporize in the accumulator. (High-pressure trips may occur.)
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Refrigerant Glide in the Evaporator

Relationship between blend fractionation and
temperature glide through evaporator tube:

Equal vapor
and liquid
L=37/63
V=65/35
Temp=5F
Liquid with a @ :;Zﬁ; :’nd
few bubbles drops liquid
L=50/50 oo
Vv=80/ 20 V= g0 60
Temp=0F Tomp = 10 F

Let’s assume that a blend of 50% A and 50% B flows across a valve into an evaporator coil. If
we follow a small “piece” of the blend as it flows along the tube we can see the effect of
fractionation:

1. At the beginning of the tube the blend is mostly liquid with a few bubbles in it. The liquid
composition is 50/50 and the boiling point is (for purposes of discussion) 0°F.

2. As the “piece” of refrigerant marches along the tube, more liquid is boiled to vapor. Since
A transfers to vapor faster than B, a larger proportion of A (than B) is transferred to vapor.
This makes the composition of the liquid change along the length of the tube. In this example
the “piece of blend,” which started at 50/50, now has a liquid composition at 37% A and 63%
B. (Of course the vapor has the extra A - at 65%.) The important point is that the boiling
temperature of the current liquid composition is now about 5°F.

3. When our “piece” of the blend gets to the end of the evaporator it is now almost all vapor.
This vapor contains almost all of the refrigerant that we started with at the beginning of the
tube, so the composition is almost back to 50/50. The last few remaining drops are now
concentrated in the B component (about 75% in this example). The boiling point of this liquid
composition is now about 10°F.

Overall Temperature Glide: The difference in temperature between the Saturated Vapor
blend at the end of the evaporator and the liquid entering the evaporator is 10°F-0°F = 10°F.
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Effects of Temperature Glide

Frost formétion?

Colder
Region

Superheat setting?

» Thermostat placement in air stream
* Ice machine: ice formation and harvest control setting

For pure refrigerants, the evaporator coil is at a constant temperature throughout. For blends,
the temperature glide causes the tubing to be at different temperatures.

If you stand back a blow a fan across the evaporator coil, the air which blows out the other
side looks like it saw an average evaporator temperature. Part of the evaporator is colder, and
part is warmer, but the air mixes and generally gives the equivalent box temperature as if it
passes over a constant temperature coil at this average. There are some potential problems that
can occur:

The colder part of the coil may form frost faster than the equivalent one constant temp.
The warmer part of the coil may cause “hot spots” in the case, affecting product quality.
Temperature control sensors located in hot or cold spots may affect cycle times.

Ice machines will product thicker ice on the bottom coils and thinner ice at the top.

TXYV sensor bulbs are located at the outlet of the evaporator, which now sees warmer gas.

Generally the temperature glide does not affect the system’s ability to remove heat from
product, but the glide will probably affect some of the system’s controls. Superheat settings
and pressure controls will be discussed further.

Frost formation, hot or cold spots must be addressed “outside” the refrigeration loop (defrost
strategies, product placement, etc.). Making the whole coil warmer or colder will change the
overall box temperature, not solve the glide-related problem.
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The process of phase change (boiling or condensing) is the same for blends as it is for pure
refrigerants:

Boiling: liquid reaches a temperature where bubbles form, then the liquid boils to

vapor. When the last drops of liquid disappear, any additional heat input causes the
vapor to superheat.

Condensing: vapor cools to a temperature where liquid drops start to form, then the
vapor condenses to liquid. When the last of the vapor disappears, any additional
removal of heat causes the liquid to subcool.

When these phase changes occur in a pure refrigerant, at constant pressure, the temperature
stays constant at what we normally call the “boiling point.”

For blends the process is the same, but the shift in composition during phase change causes
the temperature glide to occur. The vapor will still superheat, and the liquid will still subcool,
however the Saturated Vapor temperature and the Saturated Liquid temperature are not the
same like they were for pure refrigerants. We now must know the particular saturated
temperatures at the ends of the temperature glide for a given pressure.

Saturated Liquid = Bubble Point (Liquid with bubbles starting to form)
Saturated Vapor = Dew Point (Vapor with dew drops starting to form)
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Two-Column PT Charts
» Traditional PT Charts

. . NATIONAL

— Temperature on left side, pressure in columns
— Saturated pressure listed - same for boiling or e v
condensing / saturated liquid or vapor. 0| 4s 17 e
0 9.2 | 6.1 14.4
* New Blends Need Two Columns | e | B3
15 17.7 | 14.4 249
— Zeotropic blends have different temperatures for % | 26 | 212 324
. . 30 | 285|250 38.1
saturated liquid and saturated vapor at constant 3 | 326 | 292 432
pressure. % | 467|438 cos
i . . . 55 52.0 | 49.2 67.2
— Bubble Point (or Liquid) gives pressure for 8 | 630 | ots o17
. . . 70 70.2 | 68.4 89.6
saturated liquid. Used as the reference point for 75| 70| 788 9
subcooling calculations, for example. % | %05 |10 120
95 108. | 109 136
— Dew Point (or Vapor) gives pressure for f0s | 18 [ 130 159
. 110 | 122 | 141 171
saturated vapor. Used as the reference point for 115] 126 | 152 184

superheat calculations, for example.

Pressure-Temperature charts traditionally have listed the temperature in the left column and
pressures for various refrigerants in the rest of the columns. For blends we now need two
columns, one for Vapor and one for Liquid pressures.

Note: you should not read a PT chart across - heat exchangers run at constant pressure,
not constant temperature.

Superheat Setting: the process for obtaining superheat is the same as it has always been -
measure the temperature on the suction line, for example at the TXV bulb. To find the
saturated vapor temperature you measure the suction pressure, then go to the PT chart for the
corresponding temperature. For blends you must use the Vapor (Dew Point) column. Subtract
the saturated temperature from the measured temperature to get amount of superheat.

Subcooling: again the process is the same - measure the temperature of the line at the point of
interest. To find the saturated temperature of the liquid you measure the pressure on the
condenser, then go to the PT chart for the corresponding temperature. For blends you must
use the Liquid (Bubble Point) column. Subtract the measured value from the saturated value
to get degrees of subcooling.

Keep in mind the state of the refrigerant where you are measuring - liquid or vapor - to
determine which column you need to use. Also keep in mind that the only practical place that
you find saturated vapor, at the correct compostion, is at the end of the evaporator when
measuring superhet. Do not use the vapor column when liquid is present, since the vapor
is at the wrong compostion.
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Average Evaporator Temperature
and Superheat

Single Component Blend after Retrofit
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Let’s assume we have a blend with a temperature glide of about 8°F. After a retrofit job we
have the blend running such that the average evaporator temperature matches the constant
evaporator temperature of the product we replaced. About half of the glide is making the front
of the evaporator colder, and the other half of the glide is making the back of the evaporator
warmer. The outlet is about 4°F warmer than it used to be.

The TXV bulb has not been adjusted, and it used to be set for 10°F superheat above the
saturated temperature of our pure refrigerant. Now, with the blend, it is maintaining the same

temperature - but now this only provides 6°F of superheat above the blend’s vapor
temperature.

If the safety margin provided by the superheat setting is reduced too far, it is possible that the
refrigerant may flood back to the compressor. In many cases reducing the superheat by 4°F or
5°F may not be a problem, but it is always a good idea to check the superheat to make sure.
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Cut In / Cut Out Pressure Control
Using Blends

R-12: Running System Blend: Running System

Cut Out pressure=15 psig Cut Out pressure=15 psig
Corresponds to 10°F boiling temp Corresponds to 10°Favg. evap. temp
R-12: System is Off Blend: System is Off

Cut In pressure=35 psig Cut In pressure=45 psig
Corresponds to 38°F “Liquid Pool” temp | Corresponds to 38°F “Liquid Pool” temp

With R-12, a Cut In/Cut Out Pressure Controls work as follows:

e The R-12 coil gets down to about 10°F and the pressure is about 15 psig. This means the
box temperature is somewhere in the 20’s °F. The pressure switch knows the box is cold
enough and it turns off the compressor.

e Liquid R-12 pools in the evaporator coil and warms up to box temperature. As the box
warms to about 38°F, the R-12 in the coil generates 35 psig and the pressure switch turns
the system on again.

With the R-12 Retrofit Blends, the control works about the same:

e The average blend coil temperature gets down to about 10°F at about 15 to 16 psig
(depending on the blend). The box temperature is about the same as it was with R-12, and
the pressure switch shuts off the system.

e LIQUID blend settles in the coil and warms to box temperature. The blends have higher
liquid pressures than R-12 - if no adjustment is made the pressure switch will kick the
system back on at 35 psig. For 401A this happens at 29°F; for 406A it is 32°F; for 409A it
1s 27°F; for 414B it is 28°F; and for 416A it is 43°F. Most of the blends will turn the
system on too cold, and short cycling will cause the system to freeze up.

You will need to check the liquid pressure at 38°F and reset the cut in pressure accordingly.
(Note: the vapor is at the wrong compostion, do not use the vapor column.)
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Retrofit Blends for R-12 Systems

“Refrigeration” Blend
- Matches 12 in cold
evaporator condition

—

R-12

Pressure

“Automotive” Blend
- Matches 12 in warm
condenser condition

(evaporator) (condenser)
Temperature —p

Generally speaking, the R-12 retrofit blends have higher temperature glide and they do not
match the pressure/temperature/capacity of R-12 across the wide temperature application
range which R-12 was used in the past. In other words, one blend does not fit all.

e Blends that match R-12 at colder evaporator temperatures may generate higher pressures
and discharge temperatures when used in warmer applications or in high ambient
temperatures. (These are called “Refrigeration Blends”.)

In refrigeration it is often an easier (and cheaper) retrofit job if you can match
evaporator pressures to R-12 (and split the glide) because you can get similar box
temperatures in similar run times, and probably not need to change controls or TXVs
(which are more sensitive to evaporator pressure).

e Blends that match R-12 properties in hot conditions, like automotive AC condensers, may
lose capacity or require lower suction pressures when applied at colder evaporator
temperatures. (These are called “Automotive Blends™.)

For automotive air conditioning many of the controls and safety switches are related to
the high side pressure. If the blend generates higher discharge pressures you could
short cycle more often and lose capacity in general. It is better to pick the high side to
match R-12 and let the low side run a little lower pressure.
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“R-12” Refrigerants: Property Comparison

Refrigerant ~ Components Composition Glide Lube Pressure Match
-20 | 10 | 40 | 90F
R-12 (pure) 100 0 M 0.6 |14.6 37 | 100
R-134a (pure) 100 0 P 4’v |12 | 35 | 104
R-401A 22/152a/124 53/13/34 8 MAP 1 |16 | 42| 116
R-401B 22/152a/124 61/11/28 8 AP 2 |19 |46 | 124
R-409A 22/124/142b 60/25/15 13 MAP 0 (16|40 | 115

R-414B 22/600a/124/142b 50/1.5/39/9.5 13 MAP 1 |16 | 41 | 113
R-416A 134a/600/ 124 59/2/39 3 P 7.5'v| 8 |28 | 88
Freezone 134a/142b 80/20 4 P 6”v| 15|31 | 93

M: Mineral Oil A: Alkyl benzene P: Polyol ester

R-134a: At first look R-134a pressures match R-12 pretty well, but other properties show that 134a
needs larger equipment to perform the same job (higher compressor displacement and more surface
area in the condenser). In effect R-134a in an R-12 system has lower capacity and higher discharge
pressures than expected. In addition it requires POE flushing to remove mineral oil during a retrofit.
R-401A and R-401B: R-22 based blends, which tend to have higher temperature glide. The presence
of R-152a, an HFC, hurts oil miscibility with mineral oil. It is recommended to change some of the
mineral oil to alkylbenzene unless it is a hermetic system running at warmer temperatures. R-401A
matches R-12 capacity at around 20°F evaporator; warmer conditions will begin to show effects from
being over-capacity (higher amperage draw, shorter cycle times). The B version offers a boost in
capacity at lower temperatures (-30°F).

R-409A: Also R-22 based, with higher temperature glide. It has moderate miscibility with mineral oil,
and generally offers good oil return in systems down to 0°F evaporator. R-12 capacity match is about
10°F, and the one composition works well down to lower temperatures. Higher discharge temperatures
and pressures can develop, especially in warmer applications.

R-414B: R-22 based (higher temperature glide) but has been blended to keep the head pressure down.
It is approved for automotive applications, although nylon barrier hoses and special fittings are
required. In refrigeration equipment there may drop in capacity at colder temperatures.

R-416A and Freezone: R-134a based blends, however an HCFC has been added to keep the head
pressure lower upon retrofit. There will be a drop in capacity compared to R-12, which could be
significant in colder applications. Lower suction pressures must also be taken into account. These
blends also have lower temperature glide. The manufacturers claim it is OK to use with mineral oil,
however the blends do not actually mix with the oil (return is helped by hydrocarbon components.)
POE change is recommended for more complicated piping arrangements.
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Retrofit Blends for R-502 Systems

—

Pressure

(evaporator) (condenser)
Temperature —p

R-502 retrofit blends have much lower temperature glide than the R-12 blends (the
components are much closer in their pressure-temperature relationship). Fractionation and
glide do not affect the operation of a low temperature refrigeration system using these blends.

The operation of low temperature refrigeration systems depends on a good property match in
the evaporator. As a result, all R-502 retrofit blends match evaporator conditions. Some
blends develop higher discharge pressures (R-408 A matches R-502 very well across the entire
pressure-temperature range).

Control settings, valves, etc. generally do not need to be changed or adjusted on the low side
of the system. In cases where the discharge pressure is higher, it may be necessary to adjust
fan control switches, cooling water controls for water-cooled condensers, and in extreme
cases it may be necessary to install pressure relief valves.
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“R-502" Refrigerants: Property Comparison

Refrigerant Components Composition Glide Lube Pressure Match
-20 | 10 |40 | 90F

R-502 22/115 49/ 51 0 MA 15 |41 (81 | 187

Retrofit Blends

R-402A 125/290/ 22 60/2/38 25 NM+AP 19 (48 |93 | 215

R-402B 125/290/ 22 38/2/60 25 M+AP 15|42 |83 | 198

R-408A 125/143a/ 22 7146/47 1 M+AP 14 | 38 |77 | 186

HFC Blends

R-404A 125/143a/ 134a 44152/ 4 1.5 P 16 | 48 (84 | 202

R-507 125/ 143a 50/ 50 0 P 18 | 46 |89 | 210

M: Mineral Oil A: Alkyl benzene P: Polyol ester

R-402A and R-402B: R-402A shows higher discharge pressures than 502, however the
discharge temperature is lower. The B version is a closer match in pressure, but the discharge
temperature runs higher (this is good for ice machines, which is where 402B is primarily
used). Although propane is added to improve oil circulation, it is still recommended to change
some mineral oil over to alkylbenzene.

R-408A: Has the closest PT match to 502 across the whole application range. It also has very
low temperature glide. R-408A does generate higher discharge temperatures than 502, and
this could be a problem in extreme application conditions, such as transport refrigeration in
hot climates. For the most part it can be used in most refrigeration systems.

R-404A and R-507: These two blends are virtually the same in terms of operation and
equipment. In a retrofit situation they will require POE flushing to be performed. They will
also generate higher discharge pressures. Generally speaking, retrofitting with these HFC
blends will add more complexity and cost to a retrofit job, especially comparing them to using
one of the other available HCFC based blends.
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Retrofitting with HFCs

* Lubricant Compatibility

— Existing systems with mineral oil or AB must be flushed
and filled with POE

— Concern over POE reactivity with residual contaminants
« Material Compatibility

— Hoses, gaskets, seals, etc. may show leakage, swelling,
degradation

* Performance

— Capacity or heat transfer differences may affect systems
ability to do the job

Lubricant Compatibility: HFC refrigerants will not mix with mineral oil or alkylbenzene.
When retrofitting an existing system to an HFC it will be necessary to flush the old oil out of
the system and replace it with polyol ester. If the residual level of non-POE is above 5%, then
pockets of oil may drop out of the refrigerant and coat tubing, take up space, or clog openings
inside the system.

In addition to the question of mixing, there are concerns over the chemical reactivity of POEs
in the presence of residual oils and contaminants left in the system. POEs are also better
solvents than previous lubricants, and systems with residue on the inside of piping or
components may be “cleaned” by the POE, which will now circulate the impurities to the
valve and/or compressor.

Material Compatibility: Rubber seals or gaskets which worked well with CFCs or HCFCs
may have a problem with HFCs and ester oils. If the chemical makeup of the rubber is similar
to the HFC or POE, these new fluids may soak into the rubber (or leach out material from the
rubber) and cause the seal to swell (or shrink) out of the gap to be sealed. It is possible that
leakage will not show up until several weeks after the retrofit job is over.

Performance: HFC refrigerants do not match the products they replace as well as some
retrofit blends will. The pressure, amperage draw, capacity, etc. should be considered when
starting up the system after retrofit.
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Lubricant Types

* Mineral Oil (MO): Refined petroleum product, straight or
branched chain hydrocarbons. Non-polar chemistry means
they mix well with CFCs, OK with HCFCs, not with HFCs.

+ Alkyl Benzene (AB): Synthetic lubricant made to act like
mineral oil, long chain hydrocarbons with closed rings.
Somewhat polar - better HCFC miscibility.

 PAG: Poly Alkaline Glycol, long chain hydrocarbons with
alcohol functions. OK for HFC, used by auto AC
manufacturers (available earlier than POE).

* Polyol Esters (POE): Synthetic lubricants with ester
functions in the middle of long chain hydrocarbons. More
polar so they mix better with HFCs.

Mineral Qil: Byproduct of petroleum processing - so it is cheap. It has been used a long time
and the industry has gained a lot of experience, and solved a lot of problems associated with

using it. Unfortunately the chemical makeup causes mineral oil to mix very little with the new
HFCs.

Alkyl Benzene: Special process in a different part of the petroleum plant - so it is relatively
cheap. It has been used either in colder applications, where it mixes better with HCFCs than
mineral oil, or in high abuse areas, since it is somewhat more stable at high temperatures
compared to mineral oil. It also will not mix with the new HFCs.

Poly Alkaline Glycols: Manufactured chemical that is slippery like oil, but has chemical
functions that make it polar - so it will mix with HFCs. PAGs were adopted by the automotive
AC industry because they were available and worked OK in those systems. Stationary AC and
refrigeration manufacturers had more problems applying PAGs, so they waited for
development of the POEs instead.

Polyol Esters: Manufactured chemicals that have a different type of chemical function which
makes them polar - so they can mix with HFCs better at colder temperatures. The lighter
grades have better properties than PAGs, so most stationary refrigeration and AC equipment
manufacturers have adopted them.
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Water Absorption into Lubricants

Exposure of Lubricant to Moist Air
(PPM Water Absorbed over time)

POE: continues to absorb
water, stays in with lube

PPM
Water

Mineral Oil: Max. uptake
of water, excess separates

Time

POE lubricants are hygroscopic, which means they like to absorb water. Mineral oils will
typically absorb water until they become saturated, then you can’t get any more water to mix.
Excess water will form a separate layer and potentially freeze in colder parts of the system,
perhaps blocking the valve, etc. With POE systems, however, much more water can be
absorbed into solution. Tens of thousands of parts per million can be absorbed and still not
separate from the refrigerant/oil. This absorbed water can cause breakdown of the POE and
other water/acid related problems.

Drying wet POE systems is extremely difficult. The typical “vacuum dry” method will not
necessarily work if the water has been absorbed into the POE. Though it will dry up “free”
water, even the best vacuum will take a very long time to pull the water molecules away from
the lubricant molecules. In this case it is best to close up the system and charge with the
proper refrigerant. The refrigerant should pull the water out of the POE and circulate it
through the filter/dryer.

Most commercially available driers today have increased amounts of desiccant to protect
HFC/POE systems.
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Refrigerant Retrofit Checklist

System or Circuit Designation:

Existing System Retrofit System Retrofit System Retrofit System
Conditions Conditions Conditions Conditions
DATE/TIME
AMBIENT TEMP./RH
REFRIGERANT
LUBRICANT CHARGE/TYPE

COMPRESSOR - MODEL

SUCTION TEMP.

SUCTION PRESS.

DISCHARGE TEMP.

DISCHARGE PRESS.

MOTOR AMPS/VOLTS

CONDENSER - MODEL

COIL AIR/H20 INLET TEMP.

COIL AIR/H20 OUTLET TEMP.

REFRIGERANT INLET TEMP.

REFRIGERANT OUTLET TEMP.

EVAPORATOR - MODEL

COOL AIR/H20 INLET TEMP.

COOL AIR/H20 OUTLET TEMP.

REFRIGERANT INLET TEMP.

REFRIGERANT OUTLET TEMP.

SUPERHEAT SETTING

EXP. DEVICE # TURNS

FIXTURE TEMPERATURE

SIGHT GLASS APPEARANCE

NOTES
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System Conversion Data Sheet

EXISTING REFRIGERANT NEW REFRIGERANT
SYSTEM/CIRCUIT NAME
SUCTION TEMPERATURE
CONDENSING TEMPERATURE
FIXTURE TEMPERATURE
SYSTEM/CIRC CAPACITY (Btu/H)
COMPRESSOR OR Manufacterer
CONDENSING UNIT Model #
Serial #
Manufacterer
CONDENSER Model #
Design TD
Manufacterer
RECEIVER Model #
PRV Model#
Rating
HEAD PRESSURE Manufacterer
CONTROL Model # & Size
EVAPORATOR PRESSURE Manufacterer
REGULATING VALVE Model # & Size
DISCHARGE BYPASS Manufacterer
VALVE Model # & Size
HOT GAS Manufacterer
SOLONOID VALVE Model # & Size
CRANKCASE PRESSURE Manufacterer
REGULATING VALVE Model # & Size
LIQUID LINE Manufacterer
SOLONOID VALVE Model # & Size
HIGH/LOW PRESSURE Manufacterer
CONTROL Model # & Size
FILTER/DRIER Manufacterer
Model # & Size
EXPANSION VALVE Manufacterer
Model # & Size
Manufacterer
EVAPORATOR Model #
Circuits
Distributor/nozzle
(Size & Length)
LINE SIZING Suction Line (horiz)
Suction Line (riser)
Liquid Line
NOTES
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R-12 Retrofitting

R-12 Systems — General Considerations

R-12 and R-500 Air Conditioning

1. For centrifugal compressors it is recommended that the maufacturer’s engineering staff
become involved in the project — special parts or procedures may be required. This will
ensure proper capacity and reliable operation after the retrofit.

2. Most older, direct expansion systems can be retrofit to R-401A, R-409A, R-414B or R-416A
(R-500 to R-401B or R-409A), so long as there are no components that will cause
fractionation within the system to occur.

3. Filter driers should be changed at the time of conversion.

4. System should be properly labelled with refrigerant and lubricant type.

R-12 Medium / High Temperature Refrigeration (>0F evap)

1. See Recommendation Table for blends that work better in high ambient heat conditions.
2. Review the properties of the new refrigerant you will use, and compare them to R-12.
Prepare for any adjustments to system components based on pressure difference or
temperature glide.

Filter driers should be changed at the time of conversion.

System should be properly labelled with refrigerant and lubricant type.

B w

R-12 Low Temperature Refrigeration (<20F evap)

1. See Recommendation Table for blends that have better low temperature capacity.

2. Review the properties of the new refrigerant you will use, and compare them to R-12.
Prepare for any adjustments to system components based on pressure difference or
temperature glide.

Filter driers should be changed at the time of conversion.

System should be properly labelled with refrigerant and lubricant type.

B w

Recommendations for R-12 Retrofit Products

Closest Match/Easiest

i R-12 small equipment R-12 larger equipment
R-12 AC R-500 AC Higher T Lower T Higher T Lower T
R-414B R-409A R-416A R-409A R-414B R-409A
R-416A R-401B R-414B R-401A R-409A R-401A
R-401A R-401A R-401A R-414B R-401A R-414B
R-409A R-414B R-409A R-416A R-416A R-416A
R-134a R-134a R-134a R-134a R-134a R-134a

R-416A

v

Poorest Match/Most Difficult
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INATIONAL |
R-12 to R-134a

General Retrofit Procedure: Centrifugal, Reciprocating AC and Refrigeration Systems

1.

2.

If the system is able to run — collect system data and operating conditions prior to retrofit.

Isolate the compressor and recover the R-12. Change the lubricant in the compressor to
polyol ester (POE). For hermetic compressors this may require removal of the compressor.

Replace any oil in auxilliary components such as oil separators or oil feed systems.

Close the system and run with R-12 for 24 hours to circulate the POE and flush the mineral
oil back to the compressor.

Repeat steps 1-4 until residual mineral oil level is below 5%. (If the unit is not operational
then perform the oil flushing procedure immediately after startup with R-134a.)

Recover the R-12 from the entire system.
Perform any maintenance, repair or component replacements, and change filter/driers.
Evacuate the system to manufacturer’s specifications.

Charge the system with the proper amount of R-134a (usually 85% to 90% of the original
R-12 charge by weight).

10. Operate the system and record new system operation data. Make adjustments to controls

as needed to ensure proper operation.

11.Label the system with the new refrigerant and lubricant type.

Most Common Areas that Require Adjustment or Attention:

J Changing the lubricant to POE
. TXV valve adjustment / superheat setting
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INATIONAL |
R-12 to R-401A/B, R-409A, R-414B

General Retrofit Procedure: Reciprocating AC and Refrigeration Systems

1.

2.

If the system is able to run — collect system data and operating conditions prior to retrofit.
Recover the R-12 from the entire system.

Perform any maintenance, repair or component replacements, and change filter/driers. If
needed (for low temperatures) remove mineral oil from the system and replace with an
equivalent amount of alkylbenzene oil.

Evacuate the system to manufacturer’s specifications.

Charge the system with the proper amount of the blend (usually 80% to 85% of the original
R-12 charge by weight). Be sure to remove liquid refrigerant from the cylinder to get the

proper composition (but flash the refrigerant before feeding into a running system).

Operate the system and record new system operation data. Make adjustments to controls
as needed to ensure proper operation.

Label the system with the new refrigerant and lubricant type.

Most Common Areas that Require Adjustment or Attention:

TXV valve adjustment / superheat setting (use Vapor side of PT chart)

Pressure controls (cut in / cut out)

Pressure related switches or controls — difference from R-12 pressures

Irregular frost formation with high glide blends

High discharge pressure or temperature, high amps in high ambient temperature
conditions (abuse of compressor)
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INATIONAL |
R-12 to R-416A

General Retrofit Procedure: Reciprocating AC and Refrigeration Systems

1.

2.

If the system is able to run — collect system data and operating conditions prior to retrofit.
Recover the R-12 from the entire system.

Perform any maintenance, repair or component replacements, and change filter/driers. If
needed (for complicated piping, large hold-up volumes) remove mineral oil from the system
and replace with an equivalent amount of polyol ester lubricant. On smaller hermitic
systems, just add 1 oz POE on top of each 8 oz of mineral oil.

. Evacuate the system to manufacturer’s specifications.

Charge the system with the proper amount of the blend (about 90% R-12 charge by
weight). Be sure to remove liquid refrigerant from the cylinder to get the proper composition
(but flash the refrigerant before feeding into a running system).

. Operate the system and record new system operation data. Make adjustments to controls

as needed to ensure proper operation. Cap tube systems may need slight charge
adjustment to achieve proper operation.

Label the system with the new refrigerant and lubricant type.

Most Common Areas that Require Adjustment or Attention:

TXV valve adjustment / superheat setting (use Vapor side of PT chart)
Pressure controls (cut in / cut out)

Pressure related switches or controls — lower than R-12 pressures
Loss of capacity at lower evaporator temperatures / longer run times
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INATIONAL |
R-22 to R-407C, R-417A

General Retrofit Procedure: AC and Refrigeration Systems

1.

2.

If the system is able to run — collect system data and operating conditions prior to retrofit.
If an oil change is indicated (R-407C, possible R-417A), isolate the compressor and
recover the R-22. Change the lubricant in the compressor to polyol ester (POE). For
hermetic compressors this may require removal of the compressor.

Replace any oil in auxilliary components such as oil separators or oil feed systems.

Close the system and run with R-22 for 24 hours to circulate the POE and flush the mineral
oil back to the compressor.

Repeat steps 1-4 until residual mineral oil level is below 5%. (If the unit is not operational
then perform the oil flushing procedure immediately after startup.

Recover the R-22 from the entire system.

Perform any maintenance, repair or component replacements, and change filter/driers.
Evacuate the system to manufacturer’s specifications.

Charge the system with the proper amount of the blend (usually 85% to 95% of the original

R-22 charge by weight). Be sure to remove liquid refrigerant from the cylinder to get the
proper composition (but flash the refrigerant before feeding into a running system).

10. Operate the system and record new system operation data. Make adjustments to controls

as needed to ensure proper operation.

11.Label the system with the new refrigerant and lubricant type.

Most Common Areas that Require Adjustment or Attention:

TXV valve adjustment / superheat setting (use Vapor side of PT chart)
Pressure controls (cut in / cut out)

Pressure related switches or controls — difference from R-22 pressures
Irregular frost formation with high glide blends

Changing the lubricant to POE
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|_ R-22 to R-404A, R-507, R-422A

General Retrofit Procedure: Refrigeration Systems

1.

2.

If the system is able to run — collect system data and operating conditions prior to retrofit.

If an oil change is indicated (R-404A, R-507, possible R-422A), isolate the compressor and
recover the R-22. Change the lubricant in the compressor to polyol ester (POE). For
hermetic compressors this may require removal of the compressor.

Replace any oil in auxilliary components such as oil separators or oil feed systems.

Close the system and run with R-22 for 24 hours to circulate the POE and flush the mineral
oil back to the compressor.

Repeat steps 1-4 until residual mineral oil level is below 5%. (If the unit is not operational
then perform the oil flushing procedure immediately after startup.

Recover the R-22 from the entire system.

Perform any maintenance, repair or component replacements, especially TXVs, and
change filter/driers.

Evacuate the system to manufacturer’s specifications.
Charge the system with the proper amount of the blend (usually 85% to 95% of the original

R-22 charge by weight). Be sure to remove liquid refrigerant from the cylinder to get the
proper composition (but flash the refrigerant before feeding into a running system).

10. Operate the system and record new system operation data. Make adjustments to controls

as needed to ensure proper operation.

11.Label the system with the new refrigerant and lubricant type.

Most Common Areas that Require Adjustment or Attention:

TXV valve replacement / superheat setting (use Vapor side of PT chart)
Pressure controls (cut in / cut out)

Pressure related switches or controls — difference from R-22 pressures
Changing the lubricant to POE
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INATIONAL |
R-500 to R-401A/B, R-409A, R-414B

General Retrofit Procedure: Reciprocating AC and Transport Refrigeration Systems

1.

2.

If the system is able to run — collect system data and operating conditions prior to retrofit.
Recover the R-500 from the entire system.

Perform any maintenance, repair or component replacements, and change filter/driers. If
needed (for low temperatures) remove mineral oil from the system and replace with an
equivalent amount of alkylbenzene oil.

Evacuate the system to manufacturer’s specifications.

Charge the system with the proper amount of the blend (usually 85% to 90% of the original
R-500 charge by weight). Be sure to remove liquid refrigerant from the cylinder to get the

proper composition (but flash the refrigerant before feeding into a running system).

Operate the system and record new system operation data. Make adjustments to controls
as needed to ensure proper operation.

Label the system with the new refrigerant and lubricant type.

Most Common Areas that Require Adjustment or Attention:

) TXV valve adjustment / superheat setting (use Vapor side of PT chart)
o Pressure related switches or controls — most have lower pressure than R-500
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INATIONAL |
R-502 to R-402A/B, R-408A

General Retrofit Procedure: Refrigeration Systems and Ice Machines

1.

2.

If the system is able to run — collect system data and operating conditions prior to retrofit.
Recover the R-502 from the entire system.

Perform any maintenance, repair or component replacements, and change filter/driers. If oil
return has been a problem with R-502, remove mineral oil from the system and replace with
an equivalent amount of alkylbenzene oil.

Evacuate the system to manufacturer’s specifications.

Charge the system with the proper amount of the blend (usually 80% to 85% of the original
R-502 charge by weight). Be sure to remove liquid refrigerant from the cylinder to get the

proper composition (but flash the refrigerant before feeding into a running system).

Operate the system and record new system operation data. Make adjustments to controls
as needed to ensure proper operation.

Label the system with the new refrigerant and lubricant type.

Most Common Areas that Require Adjustment or Attention:

. TXV valve adjustment / superheat setting (use Vapor side of PT chart)
. Pressure controls (cut in / cut out)
o Pressure related switches or controls — difference from R-502 pressures
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INATIONAL |
R-502 to R-404A, R-507

General Retrofit Procedure: Refrigeration Systems

1.

2.

If the system is able to run — collect system data and operating conditions prior to retrofit.

Isolate the compressor and recover the R-502. Change the lubricant in the compressor to
polyol ester (POE). For hermetic compressors this may require removal of the compressor.

Replace any oil in auxilliary components such as oil separators or oil feed systems.

Close the system and run with R-502 for 24 hours to circulate the POE and flush the
mineral oil back to the compressor.

Repeat steps 1-4 until residual mineral oil level is below 5%. (If the unit is not operational
then perform the oil flushing procedure immediately after startup with R-404A/R-507.)

Recover the R-502 from the entire system.
Perform any maintenance, repair or component replacements, and change filter/driers.
Evacuate the system to manufacturer’s specifications.

Charge the system with the proper amount of R-404a or R-507 (usually 85% to 90% of the
original R-502 charge by weight).

10. Operate the system and record new system operation data. Make adjustments to controls

as needed to ensure proper operation.

11.Label the system with the new refrigerant and lubricant type.

Most Common Areas that Require Adjustment or Attention:

. Changing the lubricant to POE
o TXV valve adjustment / superheat setting
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NATIORALL R-502, R-402A/B, or R-408A to R-422A

General Retrofit Procedure: Refrigeration Systems

-_—

If the system is able to run — collect system data and operating conditions prior to retrofit.
Recover the refrigerant charge from the entire system.

If there are large system components that may retain oil as a non-miscible layer, then add
about 10% Polyol Ester (POE) lubricant to the system.

Perform any maintenance, repair or component replacements, and change filter/driers.
Evacuate the system to manufacturer’s specifications.

Charge the system with the proper amount of R-422A (about 90% to 95% of the original R-
502 charge by weight, or about the same charge as R-402A/B, or about 105% of the R-
408A charge).

Operate the system and record new system operation data. Make adjustments to controls
as needed to ensure proper operation.

Label the system with the new refrigerant information.

Most Common Areas that Require Adjustment or Attention:

. Small additon of POE, in some cases
o Slight TXV valve adjustment / superheat setting
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NATIORALL  R-13 and R-503 to R-23 or R-508B

General Retrofit Procedure: Cascade Systems — High Side

Follow guidelines for high stage refrigerant.

General Retrofit Procedure: Cascade Systems — Low Side

1.

2.

If the system is able to run — collect system data and operating conditions prior to retrofit.

Recover the refrigerant charge from the low stage. Special recovery equipment and
cylinders may be reqired to accommodate the high pressure of these refrigerants.

Replace mineral oil or alkylbenzene with POE lubricant.
Perform any maintenance, repair or component replacements, and change filter/driers.
Evacuate the system to manufacturer’s specifications.

Charge the system, according to manufacturer’s specifications, with the proper amount of
hydrocarbon additive (if required), then the proper amount of refrigerant. (see notes below)

Operate the system and record new system operation data. Make adjustments to controls
as needed to ensure proper operation.

Label the system with the new refrigerant information.

Performance Changes upon Retrofitting (-120 F evap, -30 cond)

Product Capacity Efficiency  Suction P Discharge P Discharge T
(psig) (psig) (F)

R-13 100 100 12 104 198

To R-23 104 91 13 123 280

R-503 100 100 18 145 225

To R-508B 98 103 18 147 186

Expansion Tanks should be adequate upon retrofit.

Static Charge Adjustment

R-13 to R-23: increase up to 30%
R-13 to R-508B: increase up to 7%
R-503 to R-508B: decrease down to —8%

If indicated, charge hydrocarbons from 5% to 10% of the refrigerant static charge.
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‘NﬁTIDNAL
NRI SERVICES

Ill.  National Refrigerants, Inc.
Refrigerant Management Services

* Analytical Testing Services 98-102
 Cylinder Refurbishing Program 103
» Refrigerant Recovery Containers 104
» Refrigerant Reclamation Program 105-106
« EZ One Shot Recovery Cylinder 107-108
 Refrigerant Banking Program 109
» Cylinder Weight Chart 110
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‘NﬁTIDNAL
NRI SERVICES

ANALYTICAL TESTING SERVICE

National Refrigerants, Inc. analytical testing service offers

easy-to-use sample kits for:

. Refrigerant

. Halon

. Refrigeration Qil
. Specialty Testing

Refrigerant - Testing to ARI Standard 700 Specifications.

Refrigeration Oil - Testing oil quality as indication of system performance.

Halon Testing - Testing to Military/ASTM/Government 1301/1211/1202 Specifications.

Sampling Kit Features

+ Easy to use disposable sample cylinders

» High-pressure sample cylinder rated to 400 psig suitable for most alternative refrigerants and blends
* Instructions included for proper sampling procedures

+ All analysis forms and necessary DOT labeling included
»  Pre-paid return postage to NRI’'s analytical laboratory

» All analysis reports are returned with written commentary and recommendations
+ Same day results available upon request for additional fee

+ Sample cylinders available for very high pressure (VHP) refrigerant

REFRIGERANTS

Part# NRIHP - High pressure refrigerant analysis
Part# NRILP - Low pressure refrigerant analysis
Testing liquid phase to ARI 700 specifications for
Fluorocarbon Refrigerants for one or more of the
following:

+ IDENTIFICATION (Infrared Spectroscopy)

+ MOISTURE

« ACIDITY

* HIGH BOILING RESIDUE/OIL CONTENT

* PARTICULATES/SOLIDS

+ PURITY (Gas Chromatography)

+ CHLORIDE

LUBRICANTS

Part# NRIOA (Qil Analysis)
Testing of lubricant for one or more of the following:

* |IDENTIFICATION (Infrared Spectroscopy)
* MOISTURE

* APPEARANCE

* ACIDITY

* VISCOSITY

*  WEAR METALS

* RESIDUAL MINERAL OIL (as requested)

* Fluoride, Chloride and Conductivity (as requested,
extra cost)

NON-CONDENSABLE GAS

Part# NRINC*

Testing vapor phase to ARI 700 Specifications for
Fluorocarbon Refrigerants; (Requires a vapor-only
sample taken from the source vapor phase)

*Not applicable to R11, R113, R123

HALONS

Testing to MILITARY/ASTM/GOVERNMENT 1302/1211

specifications.

Property

Purity

Other Halocarbons

Water

Halogen lon

Non-Absorbable Gas

High Boiling Imps.
g/100ml

Suspended Matter

Acidity

Color
Free Halogen

Methodology
Pack/Cap Col. GC, FID, GC-MS

Pack/Cap Col. GC, FID, GC-MS
KF Coulometric Titration

Ag+ Qualitative/Visual

Packed Col. GC T/C Detector

Evaporation/Gravimetric

Visual Observation, Combined
with Test for HBI

Non-Aqueous Extraction/Base
Titration

APHA Color Comparison

lodimetry/S,0, = Titration
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LABUSE ONLY
LAB NOTEBOOK NO:

‘NﬁTIDNAL
NRI SERVICES

REQUEST FOR REFRIGERANT ANALYSIS

Complete this form and attach to the filled test cylinder. Follow cylinder filling instructions on the reverse side.
Ship to: NRI Analytical Laboratory, 661 Kenyon Avenue, Rosenhayn, NJ 08352
One form must be completed with each sample submitted.

Company: At time of sampling: System running

Address: [JYES [CINO: temperature of sample at
time of sampling: ___°F.

Job Location: System Serial #

Phone No: Fax No: Type of oil in system:

Contact Person: Sample is [J Liquid, [J Cond. Vapor, [ Vapor

Purchase Order No: Sample ID:

United Store Location: Submitted By: Date:

Refrigerant Source of Sample _

g 2-112 g 2-18:23';/8 D NeW FaCtOI'y F|”ed CylinderS Evaporator Temperature:
0 R-13* n R-404A D USGd-Refrigel‘ant Drum or Condensing Medium:
O R-22 [0 R-407A/B/C Cylinder Evaporator Type:
0 R-23* 0 R-408A [1 Centrifugal Refrigerant System DX:
[0 R-32* [0 R-409A . with Purge Unit Flooded:
O R-113 O R-410A/B [ Centrifugal Refrigerant System Shell & Tube:
O R-114 O R-412A without Purge Unit
0 R-123 0 R-500 , 9 _ Other:
1 R-124 0 R-502 []_Reciprocating Refrigerant System | | System Size: HP Tons
00 R-125 0 R-503* [] Hermetic L] Open Refrigerant Charge—— Ibs.
O R-134a O R-507 [J Rotary System
0 R-142b [0 R-508A/B* .
0 R-1301* 0 R-509 LJ_Other. Analysis Desired
[0 R-401A/B [0 OTHER
"Requires VHP rated cylinders Analysis Requested Because of [J Moisture - ppm
[J High Boiling Residue (Oil)-%
Sample Taken From 0 Air or Water leak suspected [ Acidity - ppm as HCI
[0 Vapor Phase at: [J Evidence of Corrosion [ Identification - IR
[0 Liquid Line ] Oil sludged or darkened (] Purity - GC
[0 Condenser [ Excessive head pressure [] Particulates
(0 Evaporator [] Suspect excess oil evaporator [] Chloride
[0 Compressor - Suction [1 Compressor burn-out [J Non-Condensable Gas-% in Vapor*
[0 Compressor - Discharge [J Desire condition of refrigerant
- *Not run for routine analysis. Samples submitted for this analysis
D Recelver - D Other tn;::; t;reom vapor phase of system and require a separate sampling
D ReCOVGFy / RecyCIe Un|t cylinder. Refer to Vapor Phase Sampling procedure on reverse side.
[0 Recovery Cylinder / Drum Comments or Special Requests:
[0 Other:

Refrigerant = Recovery ® Reclaim ® Analysis ®* (Lab) 856-455-2776 = (Office) 856-455-4555 » (Fax) 856-455-4733
Mailing Address: 661 Kenyon Avenue, Bridgeton, NJ 08302
Rev 10/04 AL-030-F
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‘NﬁTIDNAL

NRI SERVICES

CYLINDER SAMPLING PROCEDURES

(Refer to Figure 1.) Figurs 1
1. Use a heat gun, or otherwise dry the connection at the sample
source, “C’. P —
2. Connect a vacuum gauge to the sample cylinder or otherwise Liguid Phasa
ensure that the sample cylinder is a full vacuum (-30"Hg). Tare
weigh the cylinder to the nearest ounce.
3. Connect a clean, dry, flex transfer line to the refrigerant source
at point “C”. Dry the sample cylinder at point “A”.
4. Carefully open valve “C” and purge a small amount of liquid
phase through the line. Then immediately connect the line to the Thlg:
sample cylinder at point “A”.
5. Open valve “B”. Then slowly open valve “C” as to fill the cylinder
to about 85-90% volume capacity. Close valves “C” and “B". ﬁ‘ﬁm
NOTE: External cooling of the sample cylinder may be neces- Ermmraiiey
sary to sample the refrigerant. -
6. Disconnect the flex line at “A” and reweigh the cylinder to ensure i
sufficient sample has been taken.
7. Soap bubble check the sample cylinder valve and valve connec-
tion to the cylinder for any leaks.
(Refer to Figure 2.) Combination -
1. Connect as shown and then with valve “C” closed and valve “B” Vacoum E_:““;E o
opened, slowly open valve “A” until the gauge reads -30 in. Hg. Pressure Evacuated
2. Close valve “A”. G“ “
3. Slowly open valve “C” as to bring the pressure to slightly above 1 LB
atm. Close valve “C’. r—C-x": EIHI!L
4. Open valve “A” until full vacuum is attained. Close valve “A”. 3 o _-
5. Wait 5 minutes to ensure there are no leaks. Gauge should hold », HI'
full vacuum. Cc ‘,@
6. Slowly open valve “C” and bring cylinder to either full headspace —g ﬂ
pressure or to a maximum of 100 psig, whichever comes first. / } d A —
Do not exceed 100 psig. Close valve “C” and “B”. / ' C vacuum
7. Disconnect sample cylinder and soap bubble check for leaks. Line
8. Submit for NCG analysis. / [
S - Sourca
Checklist Vapor Phaze
Did you remember to:

W1 Tightly close all valves?

I Weigh cylinder to make sure a sufficient sample was taken?

Completely fill out the Request for Refrigerant Analysis Form (on reverse side)?
Provide your FAX number so we can FAX you the test results?

Refrigerant = Recovery = Reclaim = Analysis = (Lab) 856-455-2776 = (Office) 856-455-4555 = (Fax) 856-455-4733
Shipping Address: 661 Kenyon Avenue, Rosenhayn, NJ 08352

Rev 10/04 AL-030-F
4th Edition 2006
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‘NﬁTI ONAL

NRI SERVICES

ILD.#

LAB USE ONLY

OIL ANALYSIS SAMPLE REQUEST FORM

Ship to: NRI Analytical Laboratory, 661 Kenyon Avenue, Rosenhayn, NJ 08352
One form must be completed with each sample submitted

Company:

Attn:

Address:

City: State: Zip:

Phone: Fax:

Job Site:

United Store Location:

Sample ID:

Date sample taken:

PLEASE CHECK TESTS REQUIRED

O Identification of type of oil

[0 Residual mineral oil in POE oil
[0 Residual mineral oil in AB oil

[0 Appearance O Acidity
O Moisture O Viscosity
O Wear metals

O Other (explain below)

Comments or special requests:

COMPRESSOR INFORMATION

Hermetic? Yes [ No O
0 Centrifugal O Rotary
Reciprocating Screw

U Other (describe)

*Comp. serial no:

Oil mfr/brand or type/grade:

Last date of oil change:

Hours operating since last oil change:

Sump Cap: Gal: Qt: L:

Oil additives present:

Compressor mfr/:model

SYSTEM INFORMATION

Unit mfr/model:

Unit serial no:

Refrigerant:

No. filter/driers:

Last date of filter/drier change:

Retrofit in progress: YES O NO O
If YES, please complete below:
Original oil type:
New oil type:

*Required for historical data reporting.

Refrigerant = Recovery = Reclaim = Analysis = (Lab) 856-455-2776 = (Office) 856-455-4555 = (Fax) 856-455-4733
Mailing Address: 661 Kenyon Avenue, Bridgeton, NJ 08302

AL-028-F 2005
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‘NﬁTIDNAL
NRI SERVICES

NATIONAL REFRIGERANTS, INC.
OIL LABORATORY

This kit contains:
(1) Sample bottle
(1) Identification label
(1) Sample

How to use this service:

1. Collecting Samples:
Oil should be taken from the unit immediately after shutdown, and/or while
running at operating temperature so as to obtain a representative sample. The
sample should be taken from the crankcase at the drain plug. Upon opening the
plug, drain off a small amount of oil before taking the sample as to avoid con-
tamination. Once drawn, allow the sample to de-gas before tightening the lid.
Fill the container about 3/4 full.
NOTE: Synthetic oils are hygroscopic and must be sampled without excessive
exposure to ambient air, i.e., attach the lid securely immediately following the
degassing period.

2, Identification Labels:
Fill out a label completely for each compressor sampled. Print your name, job,
compressor serial number and sampling date on the label.

3. Sample Request Form:
Be sure to include all of the information requested (hours since oil change, hours
since new/overhauled, or last major repair, oil type, etc.) Include all unit/compo-
nent information.

4. Sending the Sample:
Be sure the identification label is attached to the sample bottle. Be sure the
sample bottle lid is securely tightened. Fold the sample request form and place
it around the other bottle inside the pre-addressed mailing box. Always use first
class postage, air freight or overnight (FedEX, etc.) for quick service.

NATIONAL

Refrigerant = Recovery ® Reclaim ® Analysis ® (Lab) 856-455-2776 = (Office) 856-455-4555 = (Fax) 856-455-4733
Mailing Address: 661 Kenyon Avenue, Bridgeton, NJ 08302
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‘NATIDNAL
NRI SERVICES

Recovery Cylinder Hydrotest & Refurbish
Program

Refrigerant recovery cylinders require a Department of Transportation (DOT) hydrostatic recer-
tification every 5 years. This requires the cylinder to have a visual, internal and external exami-
nation and a test by interior hydrostatic pressure in a water jacket for determination of the
expansion of the cylinders. NRI is a DOT-approved hydrostatic test facility and offers other
cylinder refurbishing services. Below are details of NRI’s cylinder refurbishing program offered
to owners of recovery cylinders.

HYDROSTATIC TEST

Includes:

» hydrostatic test

* internal drying

« test date engraved on collar/body of cylinder

HYDROSTATIC TEST & REFURBISH

Includes:

» hydrostatic test  dip tube replacement

* internal cleaning + internal drying

» removal of old paint  dual port valve replacement

 application of industry color standard paint + test date engraved on collar/body of cylinder
* for one ton and half-ton cylinders, pressure relief valve replacement is included

The above services are generally available for all cylinders listed below --

30 Ib. & 50 Ib. recovery cylinders (DOT 4BA, 4BW)
125 Ib. recovery cylinders (DOT 4BA, 4BW)

240 Ib. recovery cylinders (DOT 4BA, 4BW)

1000 Ib. recovery cylinders (DOT 4BA, 4BW)

2000 Ib. recovery cylinders (DOT 106A, 110A)

Special services are also available for very high pressure cylinders.
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‘NATIDNAL
NRI SERVICES

Refrigerant Recovery Containers

For recovering pressurized refrigerants*

Size Deposit * EZ ONE-SHOT™ is a 30 Ib.
30 Ib. $ 75.00 disposable one-time use recovery
40 Ib. 75.00 cylinder available for purchase.
50 Ib. 75.00

50 Ib. w/float 100.00  + gz ONE-SHOT™ is rated to 400
125 Ib. 125.00  psi and is the only cylinder readily
1000 Ib. 1000.00 available that is guaranteed to be
2000 Ib. 2800.00 rated to recover R410A.

For recovering low pressure refrigerants

Size
100 Ib. (10 gal) Drums can be purchased for
200 Ib. (20 gal) one time use.

650 Ib. (55 gal)

For recovering low pressure refrigerants

Size
9 lb.

23 Ib.
80 Ib.

Deposit

$130.00
150.00
200.00

A service fee is charged when cylinders are taken for use by customer.
Cylinder deposits are credited back to customer upon return of cylinder.

Drums for low pressure refrigerant recovery are rated as single trip containers,
therefore they are purchased outright.

National uses its own on-site DOT approved hydrostatic testing equipment. All
cylinders are shipped under vacuum. For the user’s protection, a plastic shrink
wrap covers the valve.

Please read Filling Procedures and Safety Recommendations to ensure proper
transfer of recovered refrigerant in to containers.

National reserves the right to charge a cylinder cleaning fee for cylinders used as
receivers or returned less that 50% full.
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INSTRUCTIONS FOR PARTICIPATING IN
NRI'S REFRIGERANT RECLAMATION
PROGRAM

Obtain a Recovered Refrigerant Bill of Lading,
Recovered Refrigerant Tag/Label and containers
from either NRI or an authorized distributor.

Fill out a Recovered Refrigerant Bill of Lading
for each shipment. Fill out a Recovered Refrig-
erant tag for each cylinders and a Recovered
Refrigerant Label for each drum. Bill of Lading
number must be written on each label/tag and
also on the box for the EZ ONE-SHOT™ dispos-
able 3Ib. recovery cylinder.

An authorized employee of your company must
sign the Recovered Refrigerant Bill of Lading
before any material can be returned.

Fill the containers according to NRI Filling
Instructions.

All Material must meet NRI Recovered Refrig-
erant Acceptance Specifications. Please see
Terms and Conditions for additional information.

Ship your properly filled and tagged containers
to:

National Refrigerants, Inc.
661 Kenyon Avenue
Rosenhayn, NJ 08352

or
an authorized NRI Distributor

PURITY -

Oil -

WATER -

ACID -

DYES -

RECOVERED REFRIGERANT
ACCEPTANCE SPECIFICATIONS

Only fluorocarbon refrigerants from refrigeration and air
conditioning systems are accepted. Halons will not
be accepted. Fluorocarbons from other applications,
such as solvents or cleaning agents, are NOT accept-
able.

Non-Fluorocarbon refrigerants, such as ammonia,
methylene chloride, propane, ethane, sulfur dioxide,
etc., are NOT acceptable. Also, fluorocarbon refriger-
ants contaminated with hydrocarbons in excess of
0.5% by weight (total hydrocarbons) will not be
accepted.

Only one grade of refrigerant per container is accept-
able. Refrigerant must be shipped in DOT-approved
recovery containers. Refer to ARI Guide line K.

Containers must not exceed Maximum Allowable
Gross weight as specified in NRI's Cylinder Weight
Chart. Overfilled containers will be subject to a
handling fee.

Refrigerant contaminants are acceptable with the
following limits:

99.5% for R502 minimum (excluding
oil content) 99% for all other CFCs,
HCFCs and HFCs. R11 may not
exceed greater that .5% R123
contamination

COMPONENT
RATIOS -

Must be within ARI 700 Specifications
for any refrigerant containing two or
more components

Not to exceed 30% by weight in R11,
R113 & R123

Water exceeding saturation point of
refrigerant requires special process-
ing to separate the free standing

water from the refrigerant; fee will be
charged for each pound of free water

pH must be greater than 2.0 and less
that 12.0; pH level between 2.0 - 5.0
requires special handling to neutral-
ize acid in the material; fee will be
based on the gross weight of material

Not to exceed 1% by weight
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FILLING PROCEDURE FOR RECOVERED REFRIGERANT

TERMS AND CONDITIONS

Visually inspect the container to be filled. Strictly follow all
DOT requirements for inspection of refrigerant containers.
For all cylinders, leak test by a vacuum gauge. NRI is not
responsible for refrigerant recovered into a leaking cylinder.

Place the container on a scale. Note empty weight of con-
tainer to determine Maximum Gross Weight.

Open container outlets and begin the transfer process fol-
lowing manufacturer’s instructions for the recovery unit. DO
NOT LEAVE THE CONTAINER UNATTENDED. Watch the scale
closely. DO NOT OVERFILL. Do not exceed the gross weight
limit. Do not fill more than 80% by volume. It is illegal to trans-
port an overfilled cylinder.

When the scale reaches the gross weight limit—stop the
transfer process. Tightly close all valves and other outlets.

Disconnect the transfer hose. AVOID CONTACT WITH LIQUID
REFRIGERANT / OIL MIXTURES. Immediately replace all valve
outlet caps and other container closures. Weigh the con-
tainer. Write the weight on all appropriate forms and on the
container tag or label.

Completely fill out the container tag or label. Be sure the tag or
label indicates the correct refrigerant in the container. It is
illegal to transport a container without correctly identifying
the contents (Including empty cylinders).

There will be a cylinder cleaning charge for cylinders re-
turned less than 50% full. Check off the “For Cleaning Only”
box on the hangtag.

SAFETY RECOMMENDATIONS

Only fill cylinders that are currently DOT approved for fluoro-
carbon refrigerants. Always inspect the cylinder for proper
pressure rating and latest hydrostatic test date. Be sure to
thoroughly check each cylinder and drum for dents, gouges,
bulges, cuts or other imperfections, which may render it un-
safe to hold refrigerant for storage or transportation.

It is highly recommended to read the Air Conditioning and Re-
frigeration Institute “Guideline K--Guideline for Containers for
Recovered Fluorocarbon Refrigerants.”

Be sure all connections are made tight before transferring re-
frigerant into containers. Be sure all closures are made tight on
the container immediately after filling. Be sure to replace valve
outlet caps on cylinders.

Always use a scale when filling any cylinder. DO NOT OVER-
FILL.

Caution: Liquid refrigerant can cause frostbite if skin contact
occurs. Be aware that the refrigerant/oil being removed from a
system may contain contaminants, which may be harmful to
breathe. Avoid contact with skin. Always provide fresh air when
working in enclosed areas. Avoid breathing vapors. Always wear
safety glasses and gloves (cold resistant for pressurized refrig-
erants and rubber-type for R11, R113 or R123). Avoid contact
with clothing.

1. All used refrigerants must meet “Recovered Refrigerant
Acceptance Specifications”. NRI will accept title to ship-
ment only after it has been verified through analysis, in
NRI's laboratory, that these standards have been met.
Off specification material may, at NRI's option, be re-
turned to the customer freight-collect or disposed of in a
manner agreeable to both NRI and the customer at
customer’s sole expense.

2. Refrigerant must be shipped in DOT approved contain-
ers. Any shipments not meeting this specification will be
refused. Containers must be properly skidded and banded
for shipment. Drums must not have any rust, dents,
bulges or leaks. Open-top drums are not acceptable.
NRI will not be liable for any claims, damages, lawsuits,
judgements or liabilities caused by or resulting from the
fault or negligence of the shipper.

3.  NRI reserves the right to charge cylinder refurbishing
fees for any NRI owned cylinder that is returned dam-
aged or defaced.

4. NRI reserves the right to charge a cleaning fee for each
container that is returned with less than 50% of the
maximum fill weight of recovered refrigerant. Handling
fees may be charged for recovered refrigerant that re-
quires special handling by NRI.

5. Any charges will be applied to customer’'s NRI account
within 30 days of analysis.

RECOVERED REFRIGERANT HANDLING FEES

1. Customers returning recovery cylinders containing recov-
ered refrigerant will be charged a handling fee according
to the current price schedules.

2. Free standing water
Water exceeding saturation point of refrigerant; required
special processing to separate the water from the refrig-
erant; waste must be sent to waste water processing
facility for purification

3. Excessive oil content
Refrigerant oil (mineral or synthetic) that exceeds NRI Ac-
ceptance Specification (10% for high pressure; 30% for
low pressure): fee will be charged for each pound of oil
exceeding Acceptance Specifications.

4. High acid content
Acid present in the refrigerant at such a concentration that
the pH level of the material is between 2.0 and 5.0 (a pH
level below 2.0 would classify the material as hazardous
waste according to 40CFR); such material must be handled
as a priority in order to effectively neutralize the acid in the
material.

5. Over-filled container
Cylinders and drums exceeding the maximum Gross Weight
as specified in NRI's Cylinder Weight Chart that require
special handling; these containers must be handled as a
priority as soon as they are received to prevent injury to
NRI or other persons and to prevent the release of the
material in the container to the atmosphere.
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EZ ONE-SHOT™ RECOVERY CYLINDER

EZ ONE-SHOT"™ cylinders use DOT-39 disposable cylinder technology to provide an

inexpensive, lightweight cylinder for use in one-time fill recovery situations.

EZ ONE-SHoOT®

Recovery CyLINDER
e Temporary storage receiver (where policy

demands clean cylinder for each job)

e Single recovery job where gas will need to ‘ ”}' i
be returned or stored A

- One 20 to 30 Ib. recovery job

Several smaller jobs at the same site

Burned gas: avoid contamination of your
everyday recovery cylinder

Infrequent jobs or products not regularly
recovered: won’t tie up a standard cylinder
Dedicated shop machines

Download everyday cylinder to return refrig-
erant

Back Flow Prevention Valves
EZ ONE-SHOT™ cylinders are equipped with One-Time Fill
back flow prevention devices inside the valves.

THE CYLINDERS ARE SHIPPED WITH THE

VALVES OPEN. One-time fill means that once refrigerant has been put
* Cylinders must be evacuated before use, but after  into the cylinder and then removed, the cylinder may
hoses are connected. no longer be used for further recovery operations. It
* Once the cylinder valve is closed for the first must be scrapped or disposed of properly. Recover-
time, the back flow prevention device seats in the ing refrigerant with an EZ ONE-SHOT recovery cyl-
valve. No more refrigerant can be added to the inder is considered the first filling operation. Recov-
cylinder through that valve. ery from several units, one after the other, until the
* Be sure that all recovery operations are complete cylinder is full represents one filling operation (for ex-
before closing both valves to the cylinder. ample, a dedicated shop machine).

EZ ONE-SHOT™ recovery cylinders are subject to the same regulations as the “disposable” refrigerant cylinders that refrigerant is
supplied in. Federal law forbids transportation if REFILLED. Federal law also requires that cylinders be filled and transported in the
box provided. Penalty up to $500,000 fine and 5 years imprisonment (49 U.S.C. 5124).
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Procedures for Using EZ ONE-SHOT Recovery Cylinder
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Figure 1: Evacuate Cylinder

® [fperforming liquid recovery, arrange hoses as in-
dicated in Fig. 2.

e If performing vapor recovery, arrange hoses as
indicated in Fig. 3.

e Evacuate cylinder with vacuum pump through a
gauge set placed in the vapor line, or through an
access port on the recovery machine, if available.

Do not close cylinder valves.
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Figure 2: Liquid Recovery

Recovery machine draws vapor from the cylinder and

uses this vapor to push liquid out of the system back

into the cylinder.

e  Vapor valve is at top of cylinder

e Liquid valve is at bottom

If also performing vapor recovery:

e  Close liquid valve when the sight glass clears,
BEFORE turning off the recovery machine.

e Use gauge set on vapor line to transfer hoses on
recovery machine to configuration in Fig. 3.
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Figure 3: Vapor Recovery

Vapor recovery operations are performed normally,
with access to the cylinder only through the vapor
valve. Close bottom valve on cylinder.

Complete all recovery operations, including purging
procedures for the recovery unit, before closing the
vapor valve.

Once cylinder valves are closed no more refrigerant
can be added to the cylinder.

Maximum Shipping Weight of Recovered Refrigerant in EZ ONE-SHOT Recovery Cylinder

Refrigerant Max Shipping Wt./lbs. Refrigerant Max Shipping Wt./lbs.
R-12 39 R-407A/B/C 35
R-22 36 R-408A 33
R-114 43 R-409A 37
R-134a 36 R-410A 33
R-401A/B 36 R-500 36
R-402A/B 34 R-502 36
R-404A 31 R-507 31

The information contained herein is based on technical data which we believe to be reliable and is intended for use by persons having technical skill,
at their own discretion and risk. National Refrigerants, Inc. makes no warranties, either expressed or implied, regarding the merchantability or
fitness of this product and assumes no liability for consequential damages resulting from the use or misuse of this product.
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REFRIGERANT BANKING PROGRAM

Program Guidelines:

Initial Deposit
An initial deposit of 1000 pounds of refrigerant is required to open an account. This can be different refrigerants (e.g. 600 lbs. R12
& 400 lbs. R502). Refrigerant must meet NRI’s Recovered Refrigerant Acceptance Specifications.

Future Deposit
After the initial deposit of a minimum of 1000 pounds, subsequent deposits are accepted for a minimum of 500 pounds per deposit.
Deposits of Low Pressure refrigerants are accepted in 100 pound drums and larger; deposits of High Pressure refrigerants are
accepted in 125 pound cylinders and larger. CYLINDERS LESS THAN 125 LBS. ARE NOT ELIGIBLE FOR BANKING.

Minimum Balance
If, during the course of any month, customer account balance falls below a total of 1000 pounds, NRI may purchase the
balance of refrigerants as outlined below.

Cleaning Charge
NRI will invoice you for the cleaning and repurification of the total weight of verified refrigerant that can be recertified and restored

to ARI 700 Specifications plus any contaminant disposal fees. Please call for current pricing.

Handling Fees/Disposal Charges

Oil disposal greater than 20% (Low pressure) $1.00/1b
Oil disposal greater than 10% (High Pressure) $1.00/1b
Free standing water $1.00/1b
High acid content $1.00/1b
Mixed refrigerant $3.00/1b
Over-filled container (weighing >100 Ibs) $50.00

Over-filled container (weighing <100 Ibs) $25.00

Disposal charges for contaminants above accepted levels will be determined on a case-by-case basis.

Storage
The net reclaimed refrigerant is placed in bulk storage. A storage fee of $0.03 per pound, per month is then billed on a monthly
basis starting the first full month after the material was received.

Withdrawal

A faxed or written authorization is required for withdrawal of refrigerant from the bank. Upon receipt of the withdrawal authorization
at NRI, customer should allow a minimum of fourteen (14) days for delivery of refrigerant. Withdrawals must be in 1000 Ibs.
minimum quantities and taken in drums not larger than 200 Ib. capacity or returnable cylinders not larger than 145 1b. capacity.

Reports
A banking report and invoice will be issued to the customer monthly.

NRI Purchase
If, at a later date, the customer does not require the banked refrigerant, NRI may purchase same at a mutually agreed upon price.

All rates, terms and prices are subject to change. Prices do not include sales tax, if any. NRI reserves the right to alter its program upon 60 days notice.
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GUIDELINES FOR MAXIMUM SHIPPING/FILL WEIGHTS FOR
RECOVERED REFRIGERANT CYLINDERS

Cylinder One Shot
Size 30 Ib. 30 Ib. 40 Ib. 50 Ib. 125 Ib. 1/2 ton 1 ton

Water Capacity 26.2lbs 29.7lbs 38.11lbs 47.71lbs 123 Ilbs 1000 Ibs 1600 Ibs

Maximum Refrigerant Weight Allowed

R12 24 28 36 45 117 952 1523 *
R22 22 25 32 40 103 839 1342 *
R500 21 25 31 39 102 836 1337 *
R502 22 25 32 40 103 842 1347 *
R114 28 32 41 51 133 1088 1740 *
R134a 22 25 32 41 106 864 1382 *
R401B 22 25 32 40 103 80 1334 *
R402A 21 24 31 39 99 809 1294 b
R402B 21 24 30 38 97 792 1267 **
R403B 19 22 28 35 91 736 1177 **
R404A 18 20 26 33 85 688 1100 **
R407A 21 24 31 39 99 808 1292 **
R408A 19 22 28 35 90 735 1176 **
R409A 23 26 34 42 109 888 1420 *
R410A 19 22 28 35 89 726 1162 e
R416A 25 29 37 46 120 979 1566 *
R417A 20 22 29 36 94 770 1231 *
R422A 18 21 27 34 88 723 1157 b
R507 18 20 26 33 85 688 1100 e

Minimum cylinder service pressure required (psig) for each different refrigerant is indicated above by *
260 pS|g =* 300 pS|g = %% 350 pS|g =** 400 pS|g -

Max Allowable Average Drum Maximum Gross
Low Pressure Containers Drum Size Refrigerant Weight Tare Weight Shipping Weight
R11, R113, R123 100 Ibs. 90 Ibs. 10 Ibs. 100 Ibs.
200 Ibs. 180 Ibs. 20 Ibs. 200 Ibs.
650 Ibs. 585 Ibs. 65 Ibs. 650 Ibs.
Very High Pressure RC9 RC23 RC80
Cylinders avg tw 20 avg tw 30 avg tw 140
Recovered Refrigerant Weight + Tare Weight of Cylinder + Maximum Gross Shipping Weight
Ref Wt / Ship Wt Ref Wt / Ship Wt Ref Wt / Ship Wt
R13 14 34 19 49 74 211
R23 11 31 15 45 58 198
R503 12 32 16 46 64 206
R508B 12 32 17 47 65 205
R13B1 17 37 22 52 89 229

IMPORTANT: The tare weights listed in this guideline are only average weights. In order to determine actual gross shipping weight,
the tare weight of each individual cylinder must be used.
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Alkyl Benzene Oil — synthetic refrigeration oil
similar to mineral oil; it offers better low temperature
mixing with HCFCs.

Appliance — Any device that contains and uses a
Class | or Class Il substance as a refrigerant and
which is used for household or commercial
purposes, including any air conditioner, refrigerator,
chiller or freezer.

Azeotrope — A mixture of two or more refrigerants
that acts as a single fluid. The components of
azeotropic mixtures will not separate under normal
operating conditions.

Blend — A mixture of two or more refrigerant
components.

Brazed — Joined by fusion using very high heat;
equivalent of hard soldering.

CFC — Chloro-Fluoro-Carbon; a refrigerant
comprised of carbon atoms connected to only
chlorine and fluorine atoms. The common CFCs are
R-11, R-12, R-13, R-113, R-114, and R-115.

Commercial Refrigeration — The refrigeration
appliances used in the 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, and
other perishable goods.

Disposal — The process leading to and including (1)
the discharge, deposit, dumping or placing of any
discarded appliance into or on any land or water, (2)
the disassembly of any appliance for discharge,
deposit, dumping or placing of its discarded
component parts into or on any land or water, or (3)
the disassembly of any appliance for reuse of its
component parts.

Efficiency — Ratio of the work output to the energy
input.

Elastomer — Material which can be stretched or
squeezed and, immediately on release of the stress,
returns to its approximate dimensions.

Ester Oil — A general term referring to the family of
polyol ester lubricants. These complicated chemicals
contain ester functional groups that make them more
polar, and thus more compatible with HFC
refrigerants.

Global Warming or “Greenhouse Effect” — Occurs
when carbon dioxide and other gasses, including
refrigerants, build up in the atmosphere. These
gases allow sunlight to pass through to the Earth;
however, the gasses trap heat energy coming away
from the Earth and the planet's average temperature
is raised.

HCFC — Hydro-Chloro-Fluoro-Carbon; a refrigerant
comprised of carbon atoms connected to chlorine,
fluorine, and hydrogen atoms. The common HCFCs
are R-22, R-123, R-124, and R-142b.

HFC — Hydro-Fluoro-Carbon; a refrigerant
comprised of carbon atoms connected to fluorine
and hydrogen only. The common HFCs are R-134a,
R-125, R-143a, R-152a, R-32, and

R-23.

High Pressure Appliance — An appliance that uses
a refrigerant with a boiling point between -50 and
10 degrees C at atmospheric pressure. This
definition includes, but is not limited to, appliances
that use R-12, R-22, R-134a, R-500, R-502, and the
blends that are similar to them.

Hygroscopic — A tendency for refrigeration oils to
absorb moisture from the atmosphere.

Industrial Process Refrigeration — Complex,
customized appliances used in the chemical,
pharmaceutical, petrochemical and manufacturing
industries. This sector also includes industrial ice
machines and ice rinks.

Low-Loss Fitting — Any device that is intended to
establish a connection between hoses, appliances,
or recovery or recycling machines, which is designed
to close automatically or will be closed manually
when disconnected, thereby minimizing the release
of refrigerant from hoses, appliances, and
recovery/recycling machines.

Low-Pressure Appliance — An appliance that uses
a refrigerant with a boiling point above 10 degrees C
at atmospheric pressure. This definition includes, but
is not limited to, equipment utilizing R-11, R-113,
and R-123.

Mineral Oil — Traditional refrigeration oil, refined
from petroleum products. Generally not compatible
with new HFC refrigerants.

Miscibility — Ability of a gas or liquid to dissolve
uniformly (mix) in another gas or liquid.
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Motor Vehicle Air Conditioner (MVAC) — Any
appliance that is contained on a motor vehicle and is
used to cool the driver’s or passenger’s
compartment. MVAC is regulated under the Clean
Air Act Section 609.

MVAC-Like Appliance — Air conditioning equipment
used to cool the driver’s or passenger’'s
compartment of a non-road vehicle. The system is
similar in construction to MVAC equipment, however
R-22 equipment is excluded from this definition.

Opening an Appliance — Any 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.

Ozone Depletion — The interruption by free chlorine
radicals of the normal ozone creation/breakdown
process that occurs in the upper atmosphere. The
free chlorine causes ozone molecules to come
apart, then ties up the free oxygen used to make
more ozone. The result is a net decrease in the
ozone concentration.

Poly-Alkylene-Glycol (PAG) Oil — A general term
that applies to a family of synthetic oils based on
polyalkylene glycol chemistry. PAGs are used
primarily with HFC refrigerants in the automotive air
conditioning industry.

Process Stub — A length of tubing that provides
access to the refrigerant inside an appliance and
that can be resealed at the conclusion of repair or
service.

Pump-Down (Out) — The withdrawal of all
refrigerant from the low side of a system by pumping
it into either the condenser or the liquid receiver.

Reclaim — To reprocess refrigerant to at least the
purity specified in the ARI Standard 700,
Specifications for Fluorocarbon Refrigerants, and to
verify this purity using the specified analytical
methods.

Recovery — To remove refrigerant from a system,
regardless of condition, and store it in an external

container without necessarily testing or processing
the refrigerant in any way.

Recovery Efficiency — The percentage of
refrigerant recovered compared to the total amount
in the appliance.

Recycle — To extract refrigerant from an appliance
to attempt to clean water, oil, acidity and particulates
from it. These procedures may not necessarily return
the refrigerant to ARI 700 purity. The refrigerant may
be returned to the same system after recycling.

Self-Contained Recovery Equipment — Recovery
equipment that is capable of removing refrigerant
from an appliance without the assistance of
components within the appliance.

Small Appliances — Any self-contained, hermetic
appliance that contains 5 pounds or less of
refrigerant.

System-Dependent Recovery Equipment —
Recovery equipment that requires the assistance of
components contained in an appliance to remove
the refrigerant.

Zeotrope — A blend that behaves normally as a
mixture of refrigerants. The properties are a
combination of the individual component properties,
and the vapor composition is different from the
liquid, which promotes fractionation and temperature
glide effects (see Section II).
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CROSS REFERENCE
. . . National Lubricants
OEM Part# Lubricant Type Viscosity Product Name
York A Mineral Oil/Capella 300SUS/681S0O National WF 68
York C Mineral Oil 300 SUS/681S0 National 300
York D Mineral Oil 150 SUS/321S0 National 150
York E Mineral Oil 500 SUS/1001S0 National 500
York F Mineral Qil 150 SUS/321S0 National 150
York G Polyol Ester 320 IS0 (very heavy)
York H Polyol Ester 300 SUS/681S0 National PE 68
York J Polyol Ester 200SUS/46 1SO
York K Polyol Ester 150SUS/321S0 National PE 32
York L Polyol Ester 120 IS0 (very heavy)
York O Polyol Ester 150 SUS/321S0 National PE 32
York P Polyol Ester 300SUS/681S0 National PE 68
York S Polyol Ester 500SUS/1001S0O National PE 100
Trane 15 Pale Mineral Qil 300SUS/681S0 National 300
Trane 22 White Mineral Oil
Trane 31 Pale Oil w/ Silicone
Trane 32 Pale Mineral Qil 150 SUS/321S0 National 150
Trane 37 Polyol Ester 300SUS/681S0 National PE 68
Trane 42 Pale Oil w/Phosphate
Trane 43 Pale Mineral Oil 150 SUS/321S0 National 150
Trane 45 Pale Mineral Qil 300SUS/68 IS0 National 300
Trane 48 Polyol Ester 300SUS/681S0 National PE 68

McQuay Polyol Ester Specifications

Equivalent Lubricant

McQuay CEO50, 063, 079, 087
McQuay CE100, 126

McQuay SLIC

Mobil EAL Arctic 22, Emkarate RL22N
Mobil EAL Arctic 32, Emkarate RL32H

National PE32

PlanetElf AWF 68, Emkarate RL68HP

National Refrigerants, Inc.

11401 Roosevelt Boulevard ¢ Philadelphia, PA19154 ¢ 800-262-0012 * 215-698-6620 ¢ Fax: 215-698-7466

Visit our website at www.refrigerants.com ¢ E-mail: info@refrigerants.com
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REFRIGERANTS _ PRODUCTS
National Lubricants
Part # . . . .
Product Name art Viscosity Equivalent Lubricant
Mineral QOil
National 150 1501G 150 SUS/321S0 Calumet C3, Suniso 3GS
National 300 3001G 300SUS/681S0 Calumet C4, Suniso 4GS
National 500 5001G 500SUS/1001S0O | Calumet C5, Suniso 5GS
National WF 32 WF32 150 SUS/321S0 Texaco WF 32
National WF 68 1TD 300SUS/681S0 Texaco WF 68
Alkylbenzene
National AKB 150 150AKB1G | 150SUS/321S0 Zerol 150, Soltex 150
National AKB 200TD 200AKB1G | 200SUS/461S0 Zerol 200TD
National AKB 300 300AKB1G | 300SUS/681S0O Zerol 300, Soltex 300
Polyolester
National PE32 PE321G 150SUS/321S0 Emkarate RL32H, Castrol SW32
National PE6G8 PEG81G 300SUS/681S0 Emkarate RL68H, Castrol SW68
Nu-Calgon . . . .
Part #
Product Name art Viscosity Equivalent Lubricant
C3 430307 150 SUS/321S0 National 150 (1501G)
Cc4 430407 300SUS/681S0 National 300 (3001G)
C5 430507 500SUS/1001SO | National 500 (5001G)
Zerol 150 431007 150SUS/321S0 National AKB 150 (150AKB1G)
Zerol 200TD 430807 200SUS/46 1SO National AKB 200TD (200AKB1G)
Zerol 300 431107 300SUS/681S0 National AKB 300 (300AKB1G)
ICIRL32H 431446 150SUS/321S0 National PE32 (PE321G)
ICIRL68H 431646 300SUS/681S0 National PEG8 (PE681G)
Castrol SW32 431406 150SUS/321S0 National PE32 (PE321G)
Castrol SW68 431606 300SUS/681S0 National PEG8 (PE681G)

National Refrigerants, Inc.
11401 Roosevelt Boulevard ¢ Philadelphia, PA 19154 ¢ 800-262-0012 ¢ 215-698-6620 * Fax: 215-698-7466
Visit our website at www.refrigerants.com ¢ E-mail: info@refrigerants.com
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N ATI ON AL The name you know for refrigerants

and oils now has the most
popular chemicals in the industry

Kleen Foam NEW!

* Extra heavy foam
* Removes stubborn deposits
 Qutdoor non-acid cleaner

Alka Kleen Kleen Brite
« Strongest non- * Acid based
cleaner

acid cleaner and W COIL

brightener Alka Kieen Fast actin
° g
* Removes CLEANERS fprmula makes

grease, smoke fins look like new
and insects

Kleen Coil Multi Kleen

RAHON AL Mot :
« Non-acid indoor Ve I\C/::glnzl:rpose alkaline
evaporator cleaner
. ¢ For use on filters,
- Sl el electronic air filters, fan

blades and metal cabinets

Available in 1 gallon, 2 1/2 gallon and 55 gallon sizes
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HOW TO TURN WATER INTO COST SAVINGS?

More concentrated Less concentrated
makes more cleaner makes less cleaner
N ATION AL
Same application strength
1 part cleaner to 3 parts water 1 part cleaner to 1 part water

Why pay for water? Use your own!

TECHNICAL TIPS

Why use a coil cleaner?
Dirty or blocked coils will result in reduced airflow and poor heat transfer. Equipment could run hotter reducing

its lifetime, increasing operating costs, and reducing comfort or refrigeration capacity. Properly cleaning the
coils will keep equipment running at peak performance.

How do coil cleaners really work?

The two active ingredients are soap and either an acid or alkaline based surface brightener.

e The soap’s job is obvious — to break up and carry away dirt and grease.

o The surface brightener’s job is also straightforward: Air, moisture, and other chemicals will react with alumi-
num coil surfaces to form layers than can collect dirt and reduce heat transfer. The strong alkaline or acid
compounds in the product will chemically clean the layers away until bright metal is exposed, returning the coil
surface to its original design performance.

A word about concentration

Concentrated coil cleaners are meant to be diluted with water. Using the concentrate straight from the bottle, or
strong mixtures on lightly soiled coils, can damage the surface.

o \ery dirty coils need a stronger concentration, but diluted mixtures should be used on less dirty coils.

¢ |ndoor coils, cabinets, air filters and fan blades should be cleaned with a milder product, or a dilute solution.
National Chemicals has provided dilution charts on the bottle as a guideline.

What is the difference between types of coil cleaners?

They will all clean and treat the surface of the coil. The major differences are:

¢ Acid or Alkaline based (acid for strong surface treatment, alkaline for general brightening)
e Concentration (amount of water for heavy or lighter soil levels)

o Amount and type of soap

e Color

Why choose National Chemicals cleaners?
VALUE. We offer the most popular and effective industry formulations at value pricing.
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PRODUCT COMPARISON CHART

NATIONAL| 0~ oon | viRania kmp | RECTORSEAL | SPECIALTY VAPCO
STEWART HALL CHEMICAL
OUTDOOR
Alka Kleen Ar\llltJaBBrirtltGe Alki Foam Renewz Free Foam
Kleen Brite (Acid) Cal Brite Acti Brite Con Coil Coil Kleen Blu Brite
P oo | sewen | e | e | swm | |
(]
&
8 Multi Kleen HD.I%glo(vaan’ ProKlean MPC - Triple "D" -
'§ INDOOR
. Coil Power & . A
Kleen Coil Evap Power Acti Klean Coil Rite Power-Plus Power Clean
Evap Kleen Evap Foam Coil Klean .
(Aerosol) (Aerosol) (Aerosol) Renewz Foam-Plus Foaminator
23PN Blast Kleen Nu Blast Blast-A-Coil KO Dirt Blaster - Blow Out
0 | 9
c O . A .
c 2 Electric Motor Em Degreasing Switch & Contact ) 16
% g Cleaner Solvent Cleaner Zipp S RO
35 o Electric Contact Electric Contact Switch & Contact Contact Cleaner ) Electric Contact
o2 Cleaner Cleaner Cleaner Cleaner
n . .
g § a2 SD;%':rismg %%?52??'2? Virginia 10N Continental #1 - Degreaser
5T
o c — —
ac©® chl?nﬁ;irir;grver L'glijs'(sjols::rle L'glgrigl?rle Liquid Descalit D'Scale Scale Remover

COIL CLEANER APPLICATION CHART

COIL CLEANERS CALEREE I (26T | Multi Kleen | Kleen Brite | Kleen Coil
BEST TO USE ON: Outdoor Outdoor Outdoor Outdoor Indoor
Condenser Coils X' X'

Evaporator Coils X
Air Filters X' X
BEST TO REMOVE:

Oil & Grease X X
Cooking Greases X

Mineral Deposits, Salt & Scale X

Corrosion & Oxides X X

Dirt & Grime X X X
Dust & Lint X X X
Bugs X X

Grass & Cottonwood X X

Tobacco Stains X X
MAJOR FEATURES:

Foaming X

Brightening X X

Non-Rinsing X

1. Rinse after use.
2. In cooling mode generating condensation
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CHEMICALS PART NUMBERS

N4880 Blast Kleen

N4820 Spray Adhesive

N4830 Electrical Contact Cleaner
N4835 Electric Motor Cleaner
N4840 Food Grade Silicone
N4855 Penetrating Lubricant
N4860 Multi Kleen Spray

N4890 Evap Kleen

Coil Cleaners

KF1GN, KF2GN Kleen Foam
AN1GN, AN2GN Alka Kleen
KB1GN, KB2GN Kleen Brite
KN1GN, KN2GN Kleen Coll
MK1GN, MK2GN Multi Kleen

Degreaser

NDS1G HD Degreasing Solvent
NDS170Z HD Degreasing Solvent Aerosol

Scale Dissolver and Inhibitors

NSR1G, NSR5G Scale Remover

Ice Machine Cleaners

NS160Z Nickel Safe Ice Machine Cleaner
NS1G Nickel Safe Ice Machine Cleaner
NIMC General Purpose Ice Machine Cleaner
NIMC1G General Purpose Ice Machine Cleaner

National Refrigerants, Inc.

11401 Roosevelt Boulevard . Philadelphia, PA 19154 . 800-262-0012 . 215-698-6620 . Fax: 215-602-8205
Visit our website at www.refrigerants.com . E-mail: info@refrigerants.com

Refrigerant Reference Guide

120 4th Edition 2006



INATIONAL |

V. EPA Update Information

The following section contains a
summary of EPA publications
related to the HVAC/R industry.

For further information on these
publications, or any other
regulatory questions, contact the
EPA Stratospheric Hotline at:
1-800-296-1996
or visit the EPA Website:

www.epa.qgov/ozone
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EPA Stratospheric Ozone Protection Resources

AIR CONDITIONING AND REFRIGERATION

This resource directory was originally produced to assist those who are responsible for making
decisions about air conditioning and refrigeration systems and how to address the January 1,
1996 phase out of CFC refrigerants. Much of the information contained or referenced here still
applies to certification and regulation of alternative products. Additional information can be
obtained by contacting the groups and companies listed below, or by calling the Stratospheric
Ozone Information Hotline at 1-800-296-1996.

EPA Ozone Depletion World Wide Web Site: http://www.epa.gov/ozone
SNAP Information: http://www/epa.qov/ozone/snap/index.html
Stratospheric Ozone Protection Hotline: (800) 296-1996

Trade and Professional Associations

Air Conditioning Contractors of America National Conference of States on Building
www.acca.org (703) 575-9805 Codes and Standards, Inc.
www.ncsbcs.org (703) 437-0100
Air Conditioning and Refrigeration Institute
www.ari.org (703) 524-8800 Food Marketing Institute
www.fmi.org (202) 452-8444
Alliance for Responsible Atmospheric Policy
www.arap.org (703) 243-0344 International Institute for Ammonia Refrigeration
www.iiar.org (703) 312-4200
American Society of Heating, Refrigerating,
and Air Conditioning Engineers (ASHRAE) International Association for Cold Storage
www.ashrae.org (404) 636-8400 Construction  www.iacsc.org (703) 373-4300
American Subcontractors Association International Facility Management Association
www.asaonline.com (703) 684-3450 www.ifma.org (713) 623-4362
American Supply Association Mechanical Service Contractors of America
www.asa.net (312) 464-0090 www.mcaa.org/msca  (800) 556-3653
Association of Energy Engineers National Association of Plumbing, Heating
www.aeecenter.org (770) 447-5083 and Cooling Contractors
www.naphcc.org (800) 533-7694
Building Owners and Managers Association
www.boma.org (202) 408-2662 Refrigerating Engineers and Technicians
Association
Chemical Manufacturers Association Chemtrec www.reta.com (831) 455-8783
(Non-Emergency Services)
www.cmahg.com (800) 262-8200 Refrigeration Service Engineers Society
WWW.rses.org (847) 297-6464
Electric Power Research Institute Information Hotline
WWWw.epri.com (650) 855-2000 Sheet Metal and Air Conditioning Contractors
National Association
WWww.smacna.org (703) 803-2980
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Regulatory Update

SUBSTITUTE REFRIGERANTS UNDER SNAP

The EPA created the Significant New Alternatives Policy (SNAP) Program under section 612
of the Clean Air Act Ammendments. SNAP evaluates alternatives to ozone depleting
substances. Substitutes are reviewed on the basis of zonene depletion ptiential, global
warming ptential, toxicitty, flammability, and exposure potential as described in the March 18,
1994 final SNAP rule (59 FR 13044).

Lists of acceptable and unacceptable substitutes are updated periodically in the Federal
Register, and listed on the EPA website. Following is a table of the categories, applications,
and website references for the Refrigeration and Air Conditioning substitutes that have been
ruled on by the EPA. (In addition to refrigeration and AC, the EPA maintains lists of acceptable
substitutes for Foam Blowing Agents, Cleaning Solvents, Fire Suppression and Explosion
Protection, Aerosols, Sterilants, Tobacco Expansion, and Adhesives, Coatings and Inks.)

Main SNAP website: www.epa.gov/ozone/snap.html

Refrigeration and Air Conditioning

Main page: www.epa.gov/ozone/snap/refrigerants/index.html
Subcategory URL (all begin www.epa.gov/ozone/...)
Chillers ...Isnap/refrigerants/lists/114cent.html
Industrial Process Refrigeration ...Isnap/refrigerants/lists/indproc.html
Ice Skating Rinks ...Isnap/refrigerants/lists/icerinks.html
Industrial Process Air Conditioning ...Isnap/refrigerants/lists/indac.html
Cold Storage Warehouse ...Isnap/refrigerants/lists/coldstor.html
Refrigerated Transport ...Isnap/refrigerants/lists/reftrans.html
Retail Food Refrigeration ...Isnap/refrigerants/lists/foodref.html
Vending Machines ...Isnap/refrigerants/lists/vending.html
Water Coolers ...Isnap/refrigerants/lists/watcool.html
Commercial Ice Machines .../snap/refrigerants/lists/icemach.html
Household Refrigerators and Freezers .../snap/refrigerants/lists/fridge.html
Residential Dehumidifiers ...Isnap/refrigerants/lists/dehumid.html
Motor Vehicle Air Conditioning ...Isnap/refrigerants/lists/mvacs.html
Residential and Light Commercial

Air Conditioning and Heat Pumps ...Isnap/refrigerants/lists/homeac.htmi
Heat Transfer ...Isnap/refrigerants/lists/heattran.html
Very Low Temperature Refrigeration ...Isnap/refrigerants/lists/verylow.html

Unacceptable Products for all refrigeration and AC applications are listed at:
www.epa.gov/ozone/snap/refrigerants/lists/unaccept.html

The end of the main SNAP page lists several fact sheets and related publications, many
related specifically to motor vehicle air conditioning products.
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Regulatory Update

The phaseout schedule for HCFCs has been set since 1998. The following table is available at
www.epa.gov/ozonel/title6/phaseout/hcfc.html

the EPA website at:

The following table shows the U.S. schedule for phasing out its use of HCFCs in accordance
with the terms of the Protocol. The Agency intends to meet the limits set under the Protocol by
accelerating the phaseout of HCFC-141b, HCFC-142b and HCFC-22. These are the most
damaging of the HCFCs. By eliminating these chemicals by the specified dates, the Agency
believes that it will meet the requirements set by the Parties to the Protocol. The third and
fourth columns of the table show how the U.S. will meet the international obligations described

in the first two columns.

Montreal Protocol United States
Year by which % Reduction in Year to be Implementation of HCFC
Developed Countries | Consumption, Implemented | Phaseout through Clean Air Act
Must Achieve % using the Cap as Regulations
Reduction in a Baseline
Consumption
No production and no importing
0,
2004 35.0% 2003 of HCEC-141b
No production and no importing
of HCFC-142b andHCFC-22,
except for use in equipment
2010 65.0% 2010 manufactured before 1/1/2010
(so no production or importing for
NEW equipment that uses these
refrigerants)
No production and no importing
2015 90.0% 2015 of any HCFQS, exqept for use as
refrigerants in equipment
manufactured before 1/1/2020
No production and no importing
0,
2020 99.5% 2020 | ot HCFC-142b and HCFC-22
No production and no importing
0,
2030 100.0% 2030 of any HCFCs
Written by EPA's Stratospheric Protection Division Last updated on June 17, 1998
124 4th Edition 2006
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One of the most important topics for Large System OWNERS is the Leak Repair rule.
Industrial process refrigeration in the chemical industry, bakery refrigertion operations, and
recently supermarket chains have all been investigated by the EPA to ensure compliance with
the leak repair rules. In some cases there have been large fines levied against the egiupment
owners for failure to repair leaks within the specified timeframe, or for failure to keep
appropriate records for repair activities.

A summary of the Leak Repair rule can be found at: www.epa.gov/ozone/title6/608/leak.html

Summary of the Rule

The leak repair requirements, promulgated under Section 608 of the Clean Air Act
Ammendments of 1990, require that when an owner or operator of an appliance that normally
contains a refrigerant charge of more than 50 pounds discovers that refrigerant is leaking at a
rate that would exceed the applicable trigger rate during a 12-month period, the owner or
operator must take corrective action.

Trigger Rates

For all appliances that have a refrigerant charge of more than 50 pounds, the following leak
rates for a 12-month period are applicable:

Commercial Refrigeration 35%
Industrial Process Refrigeration 35%
Comfort Cooling 15%
All Other Appliances 15%

In general, owners or operators must either repair the leaks within thirty days from the date the
leak was discovered, or develop a dated retrofit/retirement plan within thirty days and complete
actions under that plan within one year from the plan’s date. However, for industrial process
refrigeration equipment and some federally owned chillers, additional time may be available.

Record Keeping

A significant provision of the leak repair rule involves keeping records of service performed on
systems that contain more than 50 pounds of charge. Specifically, the owner of the system
must know the date on which the service took place, the amount of refrigerant added to the
system, and the full charge size of the system. This information is used to calculate the
annualized leak rate, which is then compared to the trigger rate to determine what action is
required.

Calculation of Annualized Ibs refrigerant added X 365 days X 100
Leak Rate: Ibs full system charge days since last add

Owners can also use a rolling average of the amount of refrigerant added over the last 12
months to determine if the trigger rate has been reached. Repaired systems, theoretically,
return to a low leak rate after the repair; however, multiple “unrelated” leaks over time will flag
the system as being in violation and require retrofit or replacement.
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