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ANSI/ASHRAE Addenda to ANSI/ASHRAE Standard 34-2007 1

(This foreword is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been
processed according to the ANSI requirements for a
standard and may contain material that has not been
subject to public review or a consensus process.
Unresolved objectors on informative material are not
offered the right to appeal at ASHRAE or ANSI.)

FOREWORD

This addendum adds a designation of R-429A to the blend
R-E170/152a/600a (60.0/10.0/30.0) with composition toler-
ances of (±1.0/±1.0/±1.0), a safety classification of A3, and
an RCL of 6300 ppm, 13 g/m3, 0.81lb/Mcf.

Note:  In this addendum, changes to the current standard
are indicated in the text by underlining (for additions) and
strikethrough (for deletions) unless the instructions specifi-
cally mention some other means of indicating the changes.

Add to Table 2 the following entries for R-429A:

Refrigerant Number = 429A
Composition (Mass %) = R-E170/152a/600a (60.0/10.0/30.0)
Composition Tolerances = (±1.0/±1.0/±1.0)
Safety Group = A3
RCL = 6300 (ppm v/v), 13 (g/m3), 0.81 (lb/Mcf)

Addendum a to 34-2007



2 ANSI/ASHRAE Addenda to ANSI/ASHRAE Standard 34-2007

(This foreword is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been
processed according to the ANSI requirements for a
standard and may contain material that has not been
subject to public review or a consensus process.
Unresolved objectors on informative material are not
offered the right to appeal at ASHRAE or ANSI.)

FOREWORD

This addendum adds a designation of R-430A to the blend
R-152a/600a (76.0/24.0) with composition tolerances of
(±1.0/±1.0), a safety classification of A3, and an RCL of 8000
ppm, 21 g/m3, 1.3 lb/Mcf.

Note:  In this addendum, changes to the current standard
are indicated in the text by underlining (for additions) and
strikethrough (for deletions) unless the instructions specifi-
cally mention some other means of indicating the changes. 

Add to Table 2 the following entries for R-430A:

Refrigerant Number = 430A
Composition (Mass %) = R-152a/600a (76.0/24.0)
Composition Tolerances = (±1.0/±1.0)
Safety Group = A3
RCL = 8000 (ppm v/v), 21 (g/m3), 1.3 (lb/Mcf)

Addendum b to 34-2007



ANSI/ASHRAE Addenda to ANSI/ASHRAE Standard 34-2007 3

(This foreword is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been
processed according to the ANSI requirements for a
standard and may contain material that has not been
subject to public review or a consensus process.
Unresolved objectors on informative material are not
offered the right to appeal at ASHRAE or ANSI.)

FOREWORD

This addendum adds a designation of R-431A to the blend
R-290/152a (71.0/29.0) with composition tolerances of (±1.0/
±1.0), a safety classification of A3, and an RCL of 5500 ppm,
11g/m3, 0.69 lb/Mcf.

Note:  In this addendum, changes to the current standard
are indicated in the text by underlining (for additions) and
strikethrough (for deletions) unless the instructions specifi-
cally mention some other means of indicating the changes. 

Add to Table 2 the following entries for R-431A:

Refrigerant Number = 431A
Composition (Mass %) = R-290/152a (71.0/29.0)
Composition Tolerances = (±1.0/±1.0)
Safety Group = A3
RCL = 5500 (ppm v/v), 11 (g/m3), 0.69 (lb/Mcf)

Addendum c to 34-2007



4 ANSI/ASHRAE Addenda to ANSI/ASHRAE Standard 34-2007

(This foreword is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been
processed according to the ANSI requirements for a
standard and may contain material that has not been
subject to public review or a consensus process.
Unresolved objectors on informative material are not
offered the right to appeal at ASHRAE or ANSI.)

FOREWORD

This addendum adds a designation of R-432A to the blend
R-1270/E170 (80.0/20.0) with composition tolerances of
(±1.0/±1.0), a safety classification of A3, and an RCL of
1200 ppm, 2.1 g/m3, 0.13 lb/Mcf.

Note:  In this addendum, changes to the current standard
are indicated in the text by underlining (for additions) and
strikethrough (for deletions) unless the instructions specifi-
cally mention some other means of indicating the changes. 

Add to Table 2 the following entries for R-432A:

Refrigerant Number = 432A
Composition (Mass %) = R-1270/E170 (80.0/20.0)
Composition Tolerances = (±1.0/±1.0)
Safety Group = A3
RCL = 1200 (ppm v/v), 2.1 (g/m3), 0.13 (lb/Mcf)

Addendum d to 34-2007
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(This foreword is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been
processed according to the ANSI requirements for a
standard and may contain material that has not been
subject to public review or a consensus process.
Unresolved objectors on informative material are not
offered the right to appeal at ASHRAE or ANSI.)

FOREWORD

This addendum adds a designation of R-433A to the blend
R-1270/290 (30.0/70.0) with composition tolerances of (±1.0/
±1.0), a safety classification of A3, and an RCL of 3100 ppm,
5.5 g/m3, 0.34 lb/Mcf.

Note:  In this addendum, changes to the current standard
are indicated in the text by underlining (for additions) and
strikethrough (for deletions) unless the instructions specifi-
cally mention some other means of indicating the changes. 

Add to Table 2 the following entries for R-433A:

Refrigerant Number = 433A
Composition (Mass %) = R-1270/290 (30.0/70.0)
Composition Tolerances = (±1.0/±1.0)
Safety Group = A3
RCL = 3100 (ppm v/v), 5.5 (g/m3), 0.34 (lbs/Mcf)

Addendum e to 34-2007



6 ANSI/ASHRAE Addenda to ANSI/ASHRAE Standard 34-2007

(This foreword is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been
processed according to the ANSI requirements for a
standard and may contain material that has not been
subject to public review or a consensus process.
Unresolved objectors on informative material are not
offered the right to appeal at ASHRAE or ANSI.)

FOREWORD

This addendum updates the RCL value for R-C318 in
Table 1 to 80,000 ppm and adds RCL values for R-427A and
R-428A in Table 2.

Note:  In this addendum, changes to the current standard
are indicated in the text by underlining (for additions) and

strikethrough (for deletions) unless the instructions specifi-
cally mention some other means of indicating the changes. 

Modify Table 1 for R-C318 as shown below:

RCL = 69,000 80,000 (ppm v/v), 570 660 (g/m3), 35 41 (lb/Mcf) 

Add RCL values to Table 2 for R-427A and R-428A as
shown below:

R-427A
RCL = 76,000 (ppm v/v), 280 (g/m3), 18 (lb/Mcf)

R-428A
RCL = 83,000 (ppm v/v), 370 (g/m3), 23 (lb/Mcf)

Addendum f to 34-2007
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(This foreword is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been
processed according to the ANSI requirements for a
standard and may contain material that has not been
subject to public review or a consensus process.
Unresolved objectors on informative material are not
offered the right to appeal at ASHRAE or ANSI.)

FOREWORD

This addendum modifies the method of calculating the
heat of combustion to more closely represent what actually
occurs. It also adds an informative appendix with an example
calculation.

Note:  In this addendum, changes to the current standard
are indicated in the text by underlining (for additions) and
strikethrough (for deletions) unless the instructions specifi-
cally mention some other means of indicating the changes. 

Revise clauses 6.1.3.5a and 6.1.3.5b as follows:

6.1.3.5 The heat of combustion shall be calculated for
conditions of 25°C (77°F) and 101.3 kPa (14.7 psia).

a. For single-component refrigerants, the heat of combus-
tion canshall be calculated,if the heat of formation
(enthalpy of formation) of the refrigerant and its products
of reaction are known. Values for heats of formation are
tabulated in several chemical and physical properties
handbooks and databases. The heat of combustion is the
enthalpy of formation of the reactants (refrigerant and
oxygen) minus the enthalpy of formation of the products
of reaction. Values for heats of formation are tabulated in
several chemical and physical properties handbooks and
databases. In this standard, the heat of combustion is pos-
itive for exothermic reactions. Calculated values shall be
based on the complete combustion of one mole of refrig-
erant with enough oxygen for a stoichiometric reaction.
The reactants and the combustion products shall be
assumed to be in the gas phase. The combustion products
shall be HF(g) [note, not aqueous solution (aq)], CO2(g),
(N2(g) or SO2(g) if nitrogen or sulfur are part of the
refrigerant’s molecular structure) HCl(g), and H2O(g)
CO2, (N2 or SO2 if nitrogen or sulfur are part of the
refrigerant’s molecular structure) HF and HCl, if there is
enough hydrogen in the molecule. If there is insufficient
hydrogen available for the formation of both HF and HCl,
then the formation of HF takes preference over the forma-
tion of HCl. The remaining F and Cl produce F2 and Cl2.
Excess H shall be assumed to be converted to H2O.

If there is insufficient H (hydrogen) available for the forma-
tion of HF(g), HCl(g), and H2O(g) then the formation of
HF(g) takes preference over the formation of HCl(g) which
takes preference over the formation of H2O. If there is
insufficient hydrogen available for all of the F (fluorine) to

form HF(g), then the remaining F produces COF2(g) or
CF4(g) in preference of C (carbon) forming CO2. Any
remaining Cl (chloride) produces Cl 2(g) (chlorine).

b. For refrigerant blends, the heat of combustion shall be
measured or calculated from a balanced stoichiometric
equation of all component refrigerants. This can be
thought of conceptually as breaking the refrigerant mole-
cules into their constituent atoms and creating a hypothet-
ical molecule with the same molar ratio of total carbons,
hydrogen, fluorine, etc. as is in the original blend. The
hypothetical molecule would then be treated as a pure
refrigerant as in section 6.1.3.5 (a). The heat of formation
for this hypothetical molecule is the molar average of the
heats of formation for the original blend molecules.

Note:  The molar percent or mass percent weighted aver-
age of the HOC of the pure component of a blend produces
incorrect results. For an example see Appendix F.

Add informative Appendix F as follows:

(This appendix is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard.   It has not been
processed according to the ANSI requirements for a
standard and may contain material that has not been
subject to public review or a consensus process.
Unresolved objectors on informative material are not
offered the right to appeal at ASHRAE or ANSI.)

APPENDIX F
EXAMPLE CALCULATIONS FOR HEATS OF 

COMBUSTION (INFORMATIVE) 

F.1. REACTION STOICHIOMETRY FOR A 
REFRIGERANT BLEND

Consider the combustion of the mixture R-125/290 (45/
55), which corresponds to a mole fraction ratio of (0.2311/
0.7689). If the R-125 and R-290 were to burn individually,
they would undergo the following reactions:

R-125: C2HF5 + O2 → CO2 + CF4 + HF (F.1)

and

R-290: C3H8 + 5O2 → 3CO2 + 4H20 (F.2)

Taking x = 0.2311 (the mole fraction of R-125) and y =
0.7689 (the mole fraction of R-290), the mixture might be
thought to undergo the following combustion reaction:

xC2HF5 + yC3H8 + (x + 5y)O2 →
(x + 3y)CO2 + xCF4 + xHF + 4yH2O (F.3)

But Equation F.3 would be incorrect. Instead combine the
atoms of the R-125 and R-290 into a hypothetical molecule:

xC2HF5 + yC3H8 → C2x + 3yHx + 8yF5x (F.4)

This hypothetical molecule is then reacted with oxygen:

C2x + 3yHx + 8yF5x + (x + 5y)O2 →
(2x + 3y)CO2 + 5xHF + (x + 8y – 5x) / 2H2O (F.5)

Addendum g to 34-2007



8 ANSI/ASHRAE Addenda to ANSI/ASHRAE Standard 34-2007

In comparing Equations F.3 and F.5 note that the products
of combustion are different. There is no CF4 formed in (F.5);
instead, the H (hydrogen) from the R-290 combines with the
F (fluorine) from the R-125 to form additional HF.

F.2. HEAT OF COMBUSTION FOR A 
REFRIGERANT BLEND

The enthalpy of formation of the hypothetical blend mole-
cule is the mole-fraction weighted average of the components:

Δhf (blend) = xΔhf(R125) + yΔhf(R290)
= 0.2311 (–264.0 kcal/mol) + 0.7689 (–25.02 kcal/mol)

= –80.25 kcal/mol (F.6)

The heat of combustion is the enthalpy of formation of the
reactants (refrigerant and oxygen) minus the enthalpy of
formation of the products of reaction:

(F.7)

Note that the enthalpy of formation of any element (i.e.
O2) in its normal state at 25°C is zero, by definition.

hcombustionΔ hfΔ reactants( )∑ hfΔ products( )∑–=

hfΔ C2x 3y+
Hx 8y+

F5x( ) x 5y+( ) hfΔ O2( )+{ }=

 2x 3y+( ) hfΔ CO2( ) 5x( ) hfΔ HF( ) 4x– 3y+( ) hfΔ H2O( )+ +{ }–

80.25– 0.2311 5 0.7689( )+[ ] 0[ ]+{ }=

 2 0.2311( ) 3 0.7689( )+[ ] 94.05–[ ] 5 0.2311( )[ ] 65.32–[ ] 2– 0.2311( ) 4 0.7689( )+[ ] 57.80–[ ]+ +{ }–

406.70 kcal/mol=

TABLE F1  Sample Heats of Formation

Refrigerant Heat of Formation, (kcal/mol)

CO2 (g) –94.05

H2O (g) –57.796

HF (g) –65.32

HCl (g) –22.06

HI(g) 6.33

HBr(g) –8.69

SO2 (g) –70.94

SO3 (g) –105.41

CF4 (g) –223.0

CF2O (g) –152.7

COCl2 (g) –52.32

R290 (g) –25.02

R125 (g) –264.0
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(This foreword is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been
processed according to the ANSI requirements for a
standard and may contain material that has not been
subject to public review or a consensus process.
Unresolved objectors on informative material are not
offered the right to appeal at ASHRAE or ANSI.)

FOREWORD

This addendum adds an informative appendix showing an
example of the calculation of the ATEL and RCL for a refrig-
erant blend. Section 7.2 is also modified to refer the reader to
the informative appendix.

Note:  In this addendum, changes to the current standard
are indicated in the text by underlining (for additions) and
strikethrough (for deletions) unless the instructions specifi-
cally mention some other means of indicating the changes. 

Revise Section 7.2 as follows:

7.2 Blends. The RCL for refrigerants comprising multiple
compounds shall be determined by the method in Section 7.1
except that individual parameter values in Section 7.1.1 (a)
through (d) shall be calculated as the mole-weighted average,
by composition of the nominal formulation, of the values for
the components. The calculation used to determine the ATEL
and RCL of a refrigerant blend is summarized in Appendix G.
The calculation can also be performed using a computer pro-
gram or spreadsheet. 

Add informative Appendix G as follows:

(This appendix is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard.   It has not been
processed according to the ANSI requirements for a
standard and may contain material that has not been
subject to public review or a consensus process.
Unresolved objectors on informative material are not
offered the right to appeal at ASHRAE or ANSI.)

APPENDIX G
CALCULATION OF RCL AND

ATEL FOR BLENDS (INFORMATIVE)

The ATEL for a refrigerant blend shall be set as the lowest
of the blend acute toxic concentration factors (TCFs) (a)–(d)
in Section 7.1.1, where each blend acute TCF quantity is
calculated from the acute TCF values of its individual compo-
nents, following the Additivity Method for Mixtures (refer-
ence the 2006 American Conference of Governmental
Industrial Hygienists (ACGIH), Threshold Limit Values for
Chemical Substances and Physical Agents). The additivity
method is especially applicable to materials of similar chem-
ical properties, for example, hydrocarbons or halogenated
hydrocarbons. 

The blend acute toxicity calculation shall be done as
follows:

where an is the mortality indicator for component n in the
blend (i.e., the four-hour LC50), and mfn  is the mole fraction
of component n.

In a similar fashion, Blend Cardiac Sensitization Indica-
tor (b)blend can be calculated from 1/(∑mfn / bn), where bn is
the cardiac sensitization indicator for component n in the
blend (i.e., 100% of the NOEL, or if not determined, 80% of
the LOEL), and from the mole fraction mfn of component n,
and so forth for the acute TCFs (a)–(d).

Each acute TCF for a blend can be expressed in ppm
(parts per million of substance in air by volume) if the acute
TCFs for each component n are expressed in ppm and mfn is
expressed as the mole fraction of component n in the blend.
[The TCF of each component shall be determined according to
the priority indicated in Section 7. Thus, the determining
method for each component may not be consistent such as
100% of NOEL of component A and 80% of LOEL of compo-
nent B.]

Example:
ATEL Calculation for R-410A (50/50 wt% R-32/R-125)

R-410A composition expressed in mole fraction is (0.698
mole fraction R-32/0.302 mole fraction R-125).

where (a)R-32 = the LC50 of R-32 or 760,000 ppm · 0.283 =
215,000 ppm and (a)R-125 = the LC50 of R-125 or
769,000 ppm · 0.283 = 218,000 ppm. (a)R-410A = 216,000
ppm as the R-410A mortality indicator.

where (b)R-32 = Cardiac Sensitization Indicator NOEL for R-
32 or 200,000 ppm and (b)R-125 = Cardiac Sensitization Indi-
cator NOEL for R-125 or 75,000 ppm (NOEL). 

(b)R-410A = 133,000 ppm as the R-410A cardiac sensi-
tization indicator.

where (c)R-32 = Anesthetic Effect Indicator NOEL for R-32 or
250,000 ppm · 0.8 = 200,000 ppm and (c)R-125 = Anesthetic
Effect Indicator NOEL for R-125 or 709,000 ppm · 0.8 =
567,000 ppm. (c)R-410A = 249,000 ppm as the R-410A anes-
thetic indicator.

Note:  EC50 was not used because there was no value for
R-32 or R-125, and LOEL was not used because the values for

Addendum h to 34-2007

Blend Mortality Indicator a( )blend
1

mf1

a1
--------

mf2

a2
-------- …

mfn

an
--------+ + +

----------------------------------------------------=

Mortality Indicator (a) of R-410A
1

0.698
215 000 ppm,
---------------------------------

0.302
218 000 ppm,
---------------------------------+

-------------------------------------------------------------------------=

Cardiac Sensitization Indicator (b) of R-410A

1
0.698

200 000 ppm,
---------------------------------

0.302
75 000 ppm,
------------------------------+

----------------------------------------------------------------------=

Anesthetic Effect Indicator (c) or R-410A

1
0.698

200 000 ppm,
---------------------------------

0.302
567 000 ppm,
---------------------------------+

-------------------------------------------------------------------------=
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R-32 and R-125 affected over half (10/10 and >5/10) the
animals. Had legitimate EC50, LOEL, or NOEL values been
available, it would have been possible to use a EC50 for one
blend component, a LOEL for a second, and a NOEL for a
third, etc.

There are no pertinent escape-impairing or permanent
injury effect indicators (d) known for R-410A. Therefore, the
ATEL for R-410A is set on the Cardiac Sensitization Effect
(b), 133,000 ppm, which is the lowest of acute TCFs (a)–(c)

for the blend. Rounding to two significant figures gives
130,000 ppm as the ATEL of R-410A. 

RCL for R-410A

Since the blend is nonflammable and the ATEL is less
than the oxygen deprivation level of 140,000 ppm, the RCL is
also 130,000 ppm.
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