—CCly- a
—CCIF- b
—CFp— c
—CCIH- d
—CFH- e
—CH,— f

For halogenated derivatives of cyclopropane, the carbon
atom with the largest sum of attached atomic masses shall be
considered the central carbon atom; for these compounds, the
first appended letter is omitted. The second appended letter
indicates the relative symmetry of the substituents on the end
carbon atoms (C1 and C3). Symmetry is determined by first
summing the atomic masses of the halogen and hydrogen
atoms attached to the C1 and C3 carbon atoms. One sum is
subtracted from the other; the smaller the absolute value of this
difference, the more symmetrical the isomer. In contrast to the
ethane series, however, the most symmetrical isomer has a
second appended letter of a (as opposed to no appended letter
for ethane isomers); increasingly asymmetrical isomers are
assigned successive letters. Appended letters are omitted
when no isomers are possible, and the number alone repre-
sents the molecular structure unequivocally; for example,
CF3CF,CF3is designated R-218, not R-218ca. An example of
this system is given in Appendix A.

4.1.10 Bromine-containing, propane-series isomers can-
not be uniquely designated by this system.

4.2 For cyclic derivatives, the letter C is used before the
identifying refrigerant numbers.

4.3 Ether-based refrigerants shall be designated with the
prefix “E” (for “ethers”) immediately preceding the number.

Except for the following differences, the root number
designations for the hydrocarbon atoms shall be determined
according to the current standard for hydrocarbon nomencla-
ture (see 4.1).

4.3.1 Two-carbon, dimethyl ethers require no further suf-
fixes, as the presence of the “E” prefix provides an unambig-
uous description.

4.3.2 Straight chain, three-carbon ethers require the
agreement of the hydrocarbon ordering in 4.1.7.

4.3.2.1 The position(s) of the ether oxygen(s) shall be
given by the carbons to which they are first encountered. An
additional integer identifying the first carbon to which the
ether oxygen is attached will be appended to the suffix letters.

4.3.2.2 In the case of otherwise symmetric hydrocarbon
structures, the ether oxygen shall appear in the earliest
sequential position.

4.3.2.3 Even in those cases where only a single propane
isomer exists for the hydrocarbon portion of the ether struc-
ture, such as CF3-O-CF,-CF3, the suffix letters described in
4.1.9 shall be retained. In this cited example, the correct des-
ignation shall be R-E218cal.

4.3.2.4 Structures containing two interspersed oxygen
atoms, di-ethers, shall be designated with two following inte-
gers to designate the positions of the ether oxygens.
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4.3.3 For cyclic ethers carrying both the “C” and “E” pre-
fixes, the “C” shall precede the “E,” as “CE,” to designate
“cyclic ethers.”

For four-membered cyclic ethers, including three carbon
and one ether oxygen atom, the root number designations for
the hydrocarbon atoms shall be constructed according to the
current standard for hydrocarbon nomenclature (subsection
4.1).

4.4 Blends shall be designated by their respective refriger-
ant numbers and mass proportions. Refrigerants shall be
named in order of increasing normal boiling points of the
components. Compositions shall be specified to the nearest
0.1% m/m. No component shall be permitted at less than 0.6%
m/m nominal. For example, a 10/90 blend by mass of Refrig-
erants 12 and 22 shall be indicated as R-22/12 (90.0/10.0) or
Refrigerant 22/12 (90.0/10.0). A blend of 92% m/m R-502
(the azeotrope of R-22 and R-115) with 8% m/m R-290 (pro-
pane) shall be indicated as R-290/22/115 (8.0/44.9/47.1).

4.4.1 Designation. Zeotropic blends shall be assigned an
identifying number in the 400 series. Azeotropes shall be
assigned an identifying number in the 500 series. To differ-
entiate among blends having the same components with dif-
ferent proportions (% m/m), an uppercase letter shall be
added as a suffix in serial order of assignment. An example of
a zeotrope would be R-401A, and an example of an azeotrope
would be R-508A.

4.4.2 Composition Tolerances. Blends shall have toler-
ances specified for individual components. Those tolerances
shall be specified to the nearest 0.1% m/m. The maximum
tolerance above or below the nominal shall not exceed
2.0% m/m. The tolerance above or below the nominal shall
not be less than 0.1% m/m. The difference between the high-
est and the lowest tolerances shall not exceed one-half of the
nominal component composition.

4.5 Miscellaneous organic compounds shall be assigned
numbers in the 600 series in decadal groups, as outlined in
Table 1, in serial order of designation within the groups.

4.6 Inorganic compounds shall be assigned numbers in the
700 and 7000 series.

4.6.1 For compounds with relative molecular masses less
than 100, the number shall be the sum of 700 and the relative
molecular mass, rounded to the nearest integer.

4.6.2 For compounds with relative molecular masses
equal to or greater than 100, the number shall be the sum of
7000 and the relative molecular mass, rounded to the nearest
integer.

4.6.3 When two or more inorganic refrigerants have the
same relative molecular masses, uppercase letters (i.e., A, B,
C, etc.) shall be added, in serial order of designation, to dis-
tinguish among them.

5. DESIGNATION

5.1 General. This section provides guidance on prefixes
for refrigerants to improve uniformity in order to promote
understanding. Both technical and nontechnical designations
are provided, to be selected based on the nature and audience
of the use.



5.2 Identification. Refrigerants shall be identified in
accordance with Section 5.2.1, 5.2.2, or 5.2.3. Section 5.2.1
shall be used in technical publications (for international uni-
formity and to preserve archival consistency), on equipment
nameplates, and in specifications. Section 5.2.2 can be used
for single-component halocarbon refrigerants, where distinc-
tion between the presence or absence of chlorine or bromine
is pertinent. Composition designation may be appropriate for
nontechnical, public, and regulatory communications
addressing ozone-depleting compounds. Section 5.2.3 can be
used, under the same circumstances as Section 5.2.2, for
blends (both azeotropic and zeotropic). Section 5.2.1 shall be
used for miscellaneous organic and inorganic compounds.

5.2.1 Technical Prefixes. The identifying number, as
determined by Section 4, shall be preceded by the letter R, the
word Refrigerant (Refrigerants if more than one), or the
manufacturer’s trademark or trade name. Examples include:
R 12, R-12, Refrigerant 12, <Trade Name> 12, <Trade
Name> R 12, R-500, R-22/152a/114 (36/24/40), and R-717.
Trademarks and trade names shall not be used to identify
refrigerants on equipment nameplates or in specifications.

5.2.2 Composition-Designating Prefixes. The identi-
fying number, as determined by Section 4, shall be prefixed
by the letter C, for carbon, and preceded by B, C, or F—or a
combination thereof in this sequence—to signify the presence
of bromine, chlorine, or fluorine. Compounds that also con-
tain hydrogen shall be further preceded by the letter H to sig-
nify the increased deterioration potential before reaching the
stratosphere.> The compositional designating prefixes for
ether shall substitute an “E” for “C,” such that “HFE,”
“HCFE,” and “CFE” refer to hydrofluoroethers, hydrochlo-
rofluoroethers, and chlorofluoroethers, respectively. Exam-
ples include: CFC-11, CFC-12, BCFC-12B1, BFC-13B1,
HCFC-22, HC-50, CFC-113, CFC-114, CFC-115, HCFC-
123, HCFC-124, HFC-125, HFC-134a, HCFC-141b, HCFC-
142b, HFC-143a, HFC-152a, HC-170, and FC-C318.

5.2.3 Recognized blends (whether azeotropic, near-azeo-
tropic, or zeotropic) with assigned numbers can be identified
by linking the appropriate composition-designating prefixes
of individual components (e.g., CFC/HFC-500). Blends with-
out assigned numbers can be identified using appropriate
composition-designating prefixes for each component (e.g.,
HCFC-22/HFC-152a/CFC-114 [36/24/40]). Linked prefixes
(e.g., HCFC/HFC/CFC-22/152a/114 [36/24/40]) and prefixes
implying synthesized compositions (e.g., HCFC-500 or
HCFC-22/152a/114 [36/24/40]) shall not be used.

5.2.4 Composition-designating prefixes should be used
only in nontechnical publications in which the potential for
ozone depletion is pertinent. The prefixes specified in 5.2.1,
augmented if necessary as indicated in 5.4, are preferred in
other communications. Section 5.2.1 also may be preferable
for blends when the number of components makes composi-
tion-designating prefixes awkward, such as for those contain-
ing more than three individual components (e.g., in tetrary
and pentary blends).

5.3 Other prefixes, including ACFC and HFA, for alterna-
tive to chlorofluorocarbons and hydrofluorocarbon alterna-
tive, respectively, shall not be used. Similarly, neither FC nor

CFC shall be used as universal prefixes to signify the fluoro-
carbon and chlorofluorocarbon families of refrigerants (i.e.,
other than as stipulated in 5.2.2).

5.4 The convention specified in 5.2.1 can be complemented
with pertinent data, when appropriate, as a preferred alterna-
tive to composition-designating prefixes in technical commu-
nications. For example, the first mention of R-12 in a
discussion of the ozone-depletion issue might read, “R-12, a
CFC” or “R-12 (ODP = 1.0).” Similarly, a document on the
greenhouse effect could cite “R-22 (GWP = 0.34 relative to
R-11),” and one on flammability might refer to “R-152a
(LFL = 4.1%).”

6. SAFETY GROUP CLASSIFICATIONS

6.1 Refrigerants shall be classified into safety groups
according to the following criteria.

6.1.1 Classification. The safety classification shall con-
sist of two alphanumeric characters (e.g., A2 or B1). The cap-
ital letter indicates the toxicity as determined by 6.1.2; the
arabic numeral denotes the flammability as determined by
6.1.3.

6.1.2 Toxicity Classification. Refrigerants shall be
assigned to one of two classes—A or B—based on allowable
exposure:

Class A signifies refrigerants for which toxicity has
not been identified at concentrations less than or
equal to 400 ppm by volume, based on data used to
determine Threshold Limit Value-Time-Weighted
Average (TLV-TWA) or consistent indices.

Class B signifies refrigerants for which there is evi-
dence of toxicity at concentrations below 400 ppm
by volume, based on data used to determine TLV-
TWA or consistent indices.

6.1.3 Flammability Classification. Refrigerants shall
be assigned to one of three classes—1, 2, or 3—based on
flammability. Tests shall be conducted in accordance with
ASTM E681! using a spark ignition source. Testing of all
halocarbon refrigerants shall be in accordance with the Annex
of ASTM E681.

Class 1 indicates refrigerants that do not show
flame propagation when tested in air at 101 kPa
(14.7 psia) and 21°C (70°F).

Class 2 signifies refrigerants having a lower flam-
mability limit (LFL) of more than 0.10 kg/m3
(0.00625 Ib/ft3) at 21°C and 101 kPa (70°F and
14.7 psia) and a heat of combustion of less than
19,000 kJ/kg (8,174 Btu/lb). The heat of combus-
tion shall be calculated assuming that combustion
products are in the gas phase and in their most sta-
ble state (e.g., C, N, S give CO,, Ny, SO3; F and Cl
give HF and HCI if there is enough H in the mole-
cule, otherwise they give F, and Cl,; excess H is
converted to H,0).
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Figure 1 Refrigerant safety group classification.

Class 3 indicates refrigerants that are highly flam-
mable, as defined by an LFL of less than or equal to

0.10 kg/m? (0.00625 Ib/ft%) at 21°C and 101 kPa
(70°F and 14.7 psia) or a heat of combustion greater
than or equal to 19,000 kJ/kg (8,174 Btu/lb). The
heat of combustion is calculated as explained above
in the definition of a Class 2 category.

Definitions of flammability differ depending on the
purpose. For example, ammonia is classified for transporta-
tion purposes as a nonflammable gas by the U.S. Department
of Transportation, but it is a Class 2 refrigerant.

6.1.4 Matrix Diagram of Safety Group Classification
System. The toxicity and flammability classifications
described in 6.1.1, 6.1.2, and 6.1.3 yield six separate safety
group classifications (Al, A2, A3, B1, B2, and B3) for refrig-
erants. These classifications are represented by the matrix
shown in Figure 1.

6.1.5 Safety Classification of Refrigerant Blend.
Blends, whether zeotropic or azeotropic, whose flammability
and/or toxicity characteristics may change as the composition
changes during fractionation, shall be assigned a safety group
classification based on the worst case of fractionation. This
classification shall be determined according to the same cri-
teria as that for a single-compound refrigerant.

For flammability, “worst case of fractionation” is defined
as the composition during fractionation that results in the high-
est concentration of the flammable component(s) in the vapor
or liquid phase. For toxicity, “worst case of fractionation” is
defined as the composition during fractionation that results in
the highest concentration of the component(s) in the vapor or
liquid phase for which the TLV-TWA is less than 400 ppm by
volume. The TLV-TWA for a specific blend composition shall
be calculated from the TLV-TWA of the individual compo-
nents (Appendix C of Reference 2).

6.2 Other Standards. This classification is to be used in
conjunction with other relevant safety standards, such as
ANSI/ASHRAE Standard 15, Safety Code for Mechanical
Refrigeration.*
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7. REFRIGERANT CLASSIFICATIONS

Refrigerants are assigned the classifications indicated in
Tables 1 and 2.

8. APPLICATION INSTRUCTIONS

This section identifies requirements to apply for designations
and safety classifications for refrigerants, including blends,
in addenda or revisions to the standard.

8.1 Eligibility

8.1.1 Applicants. Any interested party may request des-
ignations and safety classifications for refrigerants. Appli-
cants may be individuals, organizations, businesses, or
government agencies. A primary contact shall be identified
for groups of individuals, organizations, businesses, or agen-
cies. Neither the individuals nor primary contacts need be
members of ASHRAE.

8.1.2 Fee. There is no application fee.

8.1.3 Timing. Applications may be submitted at any time.
Committee consideration will be deferred if received by com-
mittee members less than 30 calendar days before a scheduled
meeting. Applicants may communicate with the Manager of
Standards (see 8.8.6) to determine when the next meeting is
scheduled and the additional lead time required. Consider-
ation also may be deferred, by vote of the majority of voting
members present, if inadequate opportunity was afforded for
review based on the number or complexity of applications
received for a specific meeting.

8.1.4 Precedence. Applications normally will be taken up
in the order received. Early submission will be beneficial in
the event that too many applications are received for consid-
eration at a specific meeting.

8.1.5 Amendments. Pending applications may be
amended to revise or add information whether initiated by the
applicant or in response to a committee request for further
information. Amended applications will be resequenced to
the date of receipt of the last amendment to determine the
order of consideration. Amendments shall be separated into
the parts indicated in 8.2, beginning the information for each
part on a new page to facilitate insertion in the original or pre-
viously amended application. Amendments must repeat the
data certification specified in 8.4.2. Rejected applications
may not be amended, but they may be resubmitted in their
entirety as new applications based on new information that
may become available.

8.1.6 Blends

8.1.6.1 Components. The components of refrigerant
blends must be individually classified before safety classifi-
cations will be assigned to blends containing them. Applica-
tions for designation and classification of blends, therefore,
shall be accompanied or preceded by applications for all com-
ponents not yet classified in this standard.

8.1.6.2 Single Application. A designation, formulation
tolerances, and safety classifications (both as formulated and
for the worst case of fractionation) shall be requested in a sin-
gle application for blends. None of these will be assigned sep-
arately. Revisions of these items may be requested separately.



8.1.7 Confidentiality. Confidential information shall not
be included in applications. All information contained in
applications and amendments thereto shall be deemed to be
public information, even if marked as confidential or propri-
etary. Restricted handling of data would unduly impede com-
mittee deliberations and assignment of designations and
classifications through a consensus review process.

8.2 Organization and Content. Separate applications shall
be submitted for each refrigerant. Applications shall be orga-
nized into the following parts as further identified in 8.3
through 8.8:

(a) Cover.

(b) Administrative information.

(c) Designation information.

(d) Toxicity information.

(e) Flammability information.

(f) Other safety information (if applicable).
(9) Appendices (if applicable).

8.3 Cover. The cover shall identify the applicant and pri-
mary contact, the refrigerant in accordance with 8.5.1, and
requested action. Requested actions may include assignment
or revision of a designation, safety classification, or—for
blends—formulation tolerance. Commercial and trade names
for refrigerants shall not be used on the cover.

8.4 Administrative Information

8.4.1 Applicant Identification. The applicant, primary
contact, and other persons authorized to represent the appli-
cant shall be identified. Names, titles, addresses, and phone
numbers shall be provided for the primary contact and other
representatives. Fax numbers and electronic-mail addresses
also may be provided to facilitate communications. The appli-
cant’s interest in the subject refrigerant shall be stated.

8.4.2 Data Certification. An application shall include the
following statements signed by the individual(s) or—for
organizations and businesses—both a corporate officer and
the primary contact:

I/We certify that the information provided in this
application (including its appendices) is true and
accurate to the best of my/our knowledge and that
no information that would affect classification of
toxicity or flammability safety is being withheld. 1/
We further certify that 1/we have reviewed ANSI/
ASHRAE Standard 34-2004 (including all pub-
lished addenda thereto) and that the information
provided in this application is consistent with the
requirements of that standard.

8.4.3 Designation and Classification Certification.
Applications shall include the following statement signed by
the individual(s) or—for organizations and businesses—hoth
a corporate officer and the primary contact:

I/We understand that designations and safety classi-
fications recommended for public review approval
or publication are not assigned and may be revised
or disapproved until actually published in an adden-
dum or revision to Standard 34.

8.5 Designation Information Applications for refrigerant
designations shall contain the information identified in 8.5.1
through 8.5.3.

8.5.1 Refrigerant Identification

8.5.1.1 Single-compound refrigerants shall be identified
in accordance with Section 4 with the exception of subsection
4.4, which applies to blends.

8.5.1.2 Blends shall be identified in accordance with
4.4, but not 4.4.1. Applicants shall indicate whether the blend
is azeotropic or zeotropic (including near azeotropic) as
defined in Section 3.

8.5.2 Refrigerant Data

8.5.2.1 Individual Compounds. The following infor-
mation shall be provided for single-compound refrigerants or
for each component of blends:

(a) Chemical name.

(b) Chemical formula.

(c) Chemical Abstract Service registry number.

(d) Molecular mass.

(e) Freezing or triple point temperature.

(f) Normal boiling point temperature (at 101 kPa
[14.7 psia]).

(9) Saturation vapor pressure at 20°C and 60°C (68°F
and 140°F).

(h) Temperature at the critical point.

(i) Specific volume at the critical point.

(j) Uses and typical application temperatures (i.e.,
evaporating and condensing ranges).

8.5.2.2 Azeotropic Blends. The following additional
information shall be provided for azeotropes:

(a) Azeotropic temperature.

(b) Formulation at the azeotropic temperature.

(c) Molecular mass as formulated.

(d) Molecular mass of the saturated vapor at 60°C
(140°F).

(e) Normal boiling point temperature (bubble-point
temperature) at 101 kPa (14.7 psia) as formulated.

(f) Normal dew-point temperature (at 101 kPa [14.7
psia]) as formulated.

(g) Maximum temperature glide at the normal boiling
point and at 20°C (68°F).

(h) Vapor composition for the as-formulated saturated
liquid composition at the normal boiling point and
at 20°C (68°F).

(i) Saturation vapor pressure at 20°C and 60°C (68°F
and 140°F) as formulated.

(j) Evidence of azeotropy, including a detailed descrip-
tion of testing and a vapor-liquid equilibrium dia-
gram (optional supporting information may be
provided as an appendix).

(k) Latent heat of vaporization at 60°C (140°F).

(I) Specific heat ratio of the vapor at 60°C (140°F).
(m) Temperature at the critical point.

(n) Specific volume at the critical point.

(0) Uses and typical application temperatures (i.e.,
evaporating and condensing ranges).

ANSI/ASHRAE STANDARD 34-2004



8.5.2.3 Zeotropic Blends. The following additional
information shall be provided for zeotropes (including near
azeotropes):

(a) Formulation.

(b) Molecular mass as formulated.

(c) Molecular mass of the vapor at 60°C (140°F).
(d) Bubble-point temperature at 101 kPa (14.7 psia).
(e) Dew-point temperature at 101 kPa (14.7 psia).

(f) Maximum temperature glide at the normal boiling
point and at 20°C (68°F).

(g) Vapor composition for the as-formulated saturated
liquid composition at the normal boiling point and
at 20°C (68°F).

(h) Dew-point vapor pressure at 20°C and 60°C (68°F
and 140°F).

(i) Latent heat of vaporization at 60°C (140°F).

(j) Specific heat ratio of the vapor at 60°C (140°F).
(k) Temperature at the critical point.

() Specific volume at the critical point.

(m) Uses and typical application temperatures (i.e.,
evaporating and condensing ranges).

8.5.2.4 Refrigerants with Low Critical Tempera-
tures. If the critical temperature is less than a temperature at
which data are required in 8.5.2.1, 8.5.2.2, and 8.5.2.3, sub-
stitute as follows:

(a) For data requirements at 20°C (68°F), provide the
required data at the normal boiling point or 0°C
(32°F), whichever is higher. For pressure data, also
provide the superheated vapor pressure at 20°C
(68°F) and the critical density.

(b) For data requirements at 60°C (140°F), provide the
required data at a temperature calculated as the nor-
mal boiling point plus 80% of the difference
between the critical temperature and the normal
boiling point. For pressure data, also provide the
superheated vapor pressure at 60°C (140°F) and the
critical density.

(c) Indicate the applicable temperature, or temperature
and critical density, at which the substitute data are
provided.

8.5.2.5 Critical Point for Blends. For refrigerant
blends, the critical temperature and pressure shall be calcu-
lated as the weighted average by mole fractions of the critical
temperatures and pressures, respectively, of the blend compo-
nents in the as-formulated composition.

8.6 Toxicity Information. Applications shall include the
data identified in 8.6.1, 8.6.2, and 8.6.3. The sources for these
data shall be identified, and the applicant shall provide copies
if requested by the committee. The identified sources shall
describe the test methods, specimens, and materials used and
also document clinical observations and the test results. The
documentation must indicate compliance with Good Labora-
tory Practices (GLP) in accordance with reference 5, 6, 7, or
8 for toxicity tests since 1985. Data from peer-reviewed pub-
lications, including journal articles, reports, and assessments,
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also are allowed provided that they demonstrate examination
of the same information. Material Safety Data Sheets
(MSDSs), Hygiene Standard Sheets, manufacturers’ product
literature, and databases are not acceptable as sources for tox-
icity information for this section.

8.6.1 Acute Toxicity. Applications shall include the fol-
lowing short-term toxicity data, with identified sources, for
single-compound refrigerants or for each component of
blends:

(@) ACGIH TLV-C if assigned,

(b) ACGIH TLV-STEL if assigned,

(c) NIOSH IDLH if assigned,

(d) LCxq for four hours for rats,

(e) LDsy if available,

(f) cardiac sensitization response level.

8.6.2 Chronic Toxicity. For single-compound refriger-
ants or for each component of blends and for the blend itself,
applications shall include, with identified sources,

(a) repeat exposure toxicity data if available,

(b) ACGIH TLV-TWA or TLV-C if assigned,

(c) AIHA WEEL if assigned,

(d) OSHA PEL if assigned; otherwise, a recommended

exposure value, determined on a consistent basis,
with an explanation of how it was determined.

8.6.3 Material Safety Data Sheets (MSDSs). Applica-
tions for single-compound refrigerants shall include an
MSDS, or information consistent therewith, as an appendix.
Applications for blends shall include MSDSs for the blend as
formulated and for each component of the blend as appendi-
ces.

8.7 Flammability Information. Applications for single-
compound refrigerants shall include the data identified in
8.7.1. Applications for refrigerant blends shall include the
data identified in 8.7.1 and 8.7.2. See 8.1.6 regarding blend
components.

8.7.1 Flame Propagation. Applications for single-com-
pound refrigerants and for refrigerant blends shall include test
results determined in accordance with 6.1.3. Applications
shall include a description of the apparatus and methods used,
including (but not limited to)

(a) schematic of the apparatus,
(b) vessel size and shape,
(c) ignition method,

(d) preparation procedures including cleaning between
tests,

(e) method(s) used to control and verify test concentra-
tion(s),
(f) how horizontal flame propagation was determined.
8.7.2 Fractionation Analysis. Applications shall include
an analysis of fractionation.
8.8 Submission

8.8.1 Language. Applications shall be submitted in
English.





