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4. Our R-421B refrigerant comprised of about 85% by weight
pentafiuoroethane and about 15% tetrafluoroethane by welght of the refrigerant gases is
covered by U S, Patent No. 7,320,763 on which | am named as a co-inventor.

5. Our R-421A refrigerant was developed as a replacement for R-22
refrigerant that consists of chloradifluoromethane. R-22 refrigerant could cover a wide
array of temperatures. The industry has not yet found a single refrigerant composition
that could replace R-22 for use over the entire amay of temperatures over which R-22
was used. As a result, the industry has had to come up with multiple refrigerant
compositions covering different arays of temperatures.

6. Our R-421A and our R-4218B refrigerants were developed to address
different uses in the marketplace. In particular, R-421A was developed to address a
higher temperature or (medium temp) application in the industry. By high or medium
temperature applications | mean approximately -5°F to +45 °F. In contrast, R-421B was
developed as a long term option for low temperature applications in the Industry. By low
temperature applications, | mean applications below about 0°F and generally in the
range of below about -5°F to about 40°F. Accordingly, R-421A and R-4218 are
marketed by us and used by our customers for different applications to meet different
needs, depending upon whether a high and medium temperature application or a low
temperature application is the specified use by our customer.

7. Our refrigerant R-421A that includes 58% pentafiuorcethane and 42%
tetrafluoroethane, which would be covered by the presently pending claims in this
application, is superior to R-421B that consists of 85% pentafiuoroethane and 15%
tetrafiuoroethane in high and medium temperature applications because it has a different
temperature-pressure profile than R-4218 and because the temperature-prassure profile
of R-421A is supesior to that of R-421B for high and medium temperature applications.
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8. | have read U.S. Patent No. 6,207,071 (Takigawa et al.) and do not find
any mention or suggestion in Takigawa of combining penhﬂdoroemane with
tetraflucroethane to create a composition including refrigerarnt gases consisting of
pentafiuorcethane and tetraflucroethane to the exclusion of other refrigerant gases
except for impurities ordinarily associated with those two gases having a temperature-
pressune profile that provides superior properties for use in high and medium
temperature applications as describad above.

{ hereby declare that all statements made hersin of my own knowledge are true
and that all statements made on information and belief are believed to be true; and
further that these statements were made with the knowledge that willful false statements
and the like so made are punishable by fine or imprisonment, or both, under Seclion

1001 of Title 18 of the United States Code, and that such willful false statements may

jeopandize the validity of this patent.

Respecifully submilted,

w2 /50 fost Ao o, A

Kenneth M. Ponder
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Exhibit B

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

in Re Application of: Docket No.; 821920-1030
PONDER, K., et al,, Confirmation No.: 1006
Serial No.: 10/937,736 ' Group Art Unit: 1751
Filing Date: September 8, 2004 Examiner; John R. Hardee

For:  Refrigerant with Lubricating Oil for Replacement of R-22 Refrigerant
SECOND DECLARATION OF ANDY GBUR

I, Andy Gbur, hereby declare as follows:

1. I am the Director of Operations for Intertek, ETL SEMKO Division.

2. My duties at Intertek include financial and technical oversight of the
Refrigeration Chemistry laboratory.

3. My educational background includes B.S. in Chemistry from the Ohio
State University.

4. My work experience prior to joining Intertek includes | have been
employed with Intertek (Integral Sciences) for the last 15 yrs since graduation,

5, | have served on the American Society of Heating, Refrigerating and Air
Conditioning Engineers, Inc. (ASHRAE) Standard Project Committee 34 from 2002 to
2007. The work of this Committee includes review and issuance of ASHRAE standards
and adoption and publication of amendments to standards in the form of addenda, such
as Addendum ¢ and Addendum e to ANSIVASHRAE Standard 34-2001, copies of which
are attached hereto. | served on this Committee when both Addendum ¢ and Addendum
e were approved and issued by the Committee,

8. Qur Committee in ASHRAE recognizes that biends of refrigerant gases
having the same components in different proportions can produce refrigerant blend

compositions having different refrigerant properties as typically reflected by differences
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in temperature/pressure profiles of the refrigerant blend compositions. ASHRAE gives
each different blend a distinct designation number, or Refrigerant Number. In the case
of blends having the same components but differing only in the proportions of the
compenents the differences are identified by designating each different blend with the
same Refrigerant Number to show the blends have the same components but with a
different uppercase letter to recognize the different blends result in different refrigerants.
See Addendum e. Thus, for example, ASHRAE has granted different refrigerant
designation numbers to refrigerant compositions consisting of difluoromethane (HFC-
32), pentafluoroethane (HFC-125) and tetrafluoroethane (HFC-134a) where these three
refrigerant components are present in different proportions as evidenced by designation
numbers R407A (a 20-40-40 proportion blend), R407B (a 10-70-20 proportion blend),
R407C (a 23-25-52 proportion blend), R407D (a 15-15-70 proportion blend), and R407E
(a 25-‘1 5-60 proportion blend). See Addendum c to ANSI/ASHRAE Standard 34-2001
(2003). One skilled in the refrigerant art would expect that, for example, refrigerant
R407A would have different refrigerant properties than those of refrigerant R407B.

7. | have reviewed U.S, Patent 6,207,071 in the name of Takigawa. While
Takigawa makes mention of refrigerants contain‘ing HFC-134a {1,1,1,2-
tetraflfuoroethane} and/or HFC-125 (pentafluoroethane), Takigawa does not disclose a
single example of a refrigerant gas composition or blend combining only
tetrafluoroethane and pentafluoroethane to the exclusion of another refrigerant gas
component. Every example provided that includes a combination of tetrafluoroethane
and pentafluoroethane also involves the addition of at least one additional refrigerant
gas component, such as HFC-32 (difluoromethane). Ses, for example, Column 8§, lines
35-55, and the Examples beginning at Column 10, line 5. Thus, Takigawa fails to teach
a refrigerant composition consisting of tetrafluoroethane and pentafluoroethane as the

only refrigerant gas components in the composition in any particular proportion. Further,
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in view of the different designations by ASHRAE of even the same refrigerant gas
components provided in different proportions (such as R407A, R407B, etc.) in my
opinion it would not be obviocus to one skilled in the art of refrigerant gas compositions to
produce a refrigerant gas composition containing only about 40% to about 45% by
weight tetrafluoroethane and about 55% to about 60% by weight pentafluoroethane from
the teachings in the Takigawa patent. It should be noted that ASHRAE does not
consider components such as lubricants or corrosion inhibiters to be refrigerant gas
components, but instead additives. Additives are not considered to affect the refrigerant
properties of a refrigerant gas composition and thus may or may not be included or
added to any such refrigerant compaosition.

| hereby declare that all statements made herein of my own knowledge are true
and that all statements made on information and belief are believed to be true; and
further that these statements were made with the knowledge that willful false statements
and the like so made are punishable by fine or imprisonment, or both, under Section
1001 of Title 18 of the United States Code, and that such willful false statements may

jeopardize the validity of this patent.

Respectfully submitted,

Date: S /4-§ % DL

Andy Gbur
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Exhibit C

ANSI/ASHRAE Addenda a, b, ¢, e,f, k,n,0,p, q,1,5,and u to
ANSI/ASHRAE Standard 34-2004

2006 SUPPLEMENT

Designation and Safety
Classification of
Refrigerants

See appendix for approval dates by the ASHRAE Standards Committee, the ASHRAE Board of Directors, and the
American National Standards Insitute.

This standard is under continuous maintenance by a Standing Standard Project Committee (SSPC) for which the
Standards Committee has established a documented program for regular publication of addenda or revisions,
including procedures for timely, documented, consensus action on requests for change o any part of the stan-
dard. The change submittal form, instructions, and deadlines may be obtained in electronic form from the ASHRAE
Web site, htip://www.ashrae.org, or in paper form from the Manager of Standards. The latest edition of an ASHRAE
Standard may be purchased from ASHRAE Customer Service, 1791 Tullie Circle, NE, Allanta, GA 30329-2305.
E-mail: orders@ashrae.org. Fax: 404-321-5478. Telephone: 404-636-8400 (worldwide), or toll free 1-800-527-
4723 (for orders in US and Canada).

© Copyright 2006 ASHRAE, Inc.
ISSN 1041-2336

a3 poverican Naﬁ”"al.%
,

g
Y
§ %'Er

www.ansi.org
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Addendaa, b,c,e,f,andn

ASHRAE Standing Standard Project Committee 34
Cognizant TC: TC 3.1, Refrigerants and Secondary Coolants
SPLS Liaison: Roger L. Hedrick
Staff Liaison: Douglas K. Tucker

Robert G. Doerr, Chair* Mark O. McLinden*
James M. Calm, Vice-Chair* Nandini C. Mouli
Sean Cunningham Sandra R. Murphy
David A. Didion* Sunil Nanjundaram
Paul H. Dugard* Vikas Patnaik
Andrew M. Gbur* Robert G. Richard
H. Michael Hughes* George M. Rusch
Gary W, Jepson* James R. Sand*
Debra H. Kennoy* Ganesan “Sonny” Sundaresan
Andrew Kusmierz* Eugene F. Troy
Thomas J. Leck David Wilson™

*Denotes members of voting status when the document was approved for publication

ASHRAE STANDARDS COMMITTEE 2005-2006

Richard D. Hermans, Chair Jay A. Kohler
David E. Knebel, Vice-Chair James D. Lutz
Donald L. Brandt Merle F. McBride
Steven T. Bushby Mark P. Modera
Paul W. Cabot Cyrus H. Nasseri
Hugh F. Crowther Stephen V. Santoro
Samuel D. Cummings, Jr. Stephen V. Skalko
Robert G. Doerr David R. Tree
Hakim Eimahdy Jerry W. White, Jr.
Roger L. Hedrick James E. Woods
John F. Hogan William E. Murphy, BOD ExO
Frank E. Jakob Ronald E. Jarnagin, CO

Stephen D. Kennedy
Claire B. Ramspeck, Assistant Director of Standards and Special Projects
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ASHRAE Standing Standard Project Committee 34
Cognizant TC: TC 3.1, Refrigerants and Secondary Coolants
SPLS Liaison: Roger L. Hedrick
Staff Liaison: Douglas K. Tucker

Robert G. Doerr, Chair*
James M. Caim, Vice-Chair*
Michael D. Blanford
Sean Cunningham
David A. Didion*

Paul H. Dugard*
Andrew M. Gbur*

H. Michael Hughes*
Gary W. Jepson*

Debra H. Kennoy*
Andrew Kusmierz*
Thomas J. Leck

Addenda k,o0,q,r,and s

Mark O. McLinden*
Sandra Murphy
Sunil Nanjundaram
Vikas Patnaik
Rabert G. Richard
George M. Rusch
James R. Sand*
Mark W. Spatz*

Ganesan "Sonny” Sundaresan

Eugene F. Troy

Mahesh Valiya-Naduvath

*Denotes members of voting status when the document was approved for publication

Dean S. Borges, Chair
Richard D. Hermans, Vice-Chair
Donald B. Bivens

Paul W. Cabot

Hugh F. Crowther
Brian P. Dougherty
Hakim Eimahdy

Matt R. Hargan

Roger L. Hedrick

John F. Hogan

Frank E. Jakob
Stephen D. Kennedy

ASHRAE STANDARDS COMMITTEE 2004-2005

Claire B. Ramspeck, Manager of Standards

James D. Lutz

David E. Knebel

Merle F. McBride

Mark P. Modera

Cyrus H. Nasseri

Davor Novosel

George Reeves
Stephen V. Santoro
Gideon Shavit

David R. Tree

James E. Woods
Michael F. Beda, BOD ExQ
William A. Harrison, CO
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Robert G. Doerr, Chair*
James M. Calm, Vice-Chair*

Donald B. Bivens
Michael D. Blanford
William J. Brock
Lee W. Burgett
Dennis F. Clodic
Sean Cunningham
C. James Dahn
Thomas W. Dekleva
Joseph P. Doyle
David A. Didion*
Paul H. Dugard*
Andrew M. Gbur*
Bruce E. Gilbert
Paul R. Glamm

Addendum p

ASHRAE Standing Standard Project Committee 34
Cognizant TC: TC 3.1, Refrigerants and Secondary Coolants
SPLS Liaison: Roger L. Hedrick
Staff Liaison: Douglas K. Tucker

William Jacob Goetzler
Donald P. Grob

H. Michael Hughes*
Edwin Stanley fracki
Gary W. Jepson*
Debra H. Kennoy*
Robert A. Kingsbury
Horst H. Kruse
Andrew Kusmierz*
C. Curtis Lawson
Thomas J. Leck
Mark O. McLinden*
Sandra Murphy
Sunil Nanjundaram
Vikas Patnaik

Peter F. Radice

Robert G. Richard
William V. Richards
George M. Rusch
James R. Sand*

Mark W. Spatz*

Ernest L. Sweet
Ganesan (Sonny) Sundaresan
Steven R. Szymurski
Robert Edwin Tabscott
Eugene F. Troy

Mahesh Valiya-Naduvath
William F. Walter
Thomas E. Watson
David P. Wilson

*Denotes members of voting status when the document was approved for publication

Dean S. Borges, Chair
Richard D. Hermans, Vice-Chair

Donald B. Bivens
Paul W. Cabot

Hugh F. Crowther
Brian P. Dougherty
Hakim Elmahdy
Matt R. Hargan
Roger L. Hedrick
John F. Hogan
Frank E. Jakob
Stephen D. Kennedy

ASHRAE STANDARDS COMMITTEE 2004-2005

Claire B. Ramspeck, Manager of Standards

James D. Luiz

David E. Knebel

Merle F. McBride

Mark P. Modera

Cyrus H. Nasseri
Davor Novosel

George Reeves
Stephen V. Santoro
Gideon Shavit

David R. Tree

James E. Woods
Michael F. Beda, BOD ExO
William A. Harrison, CO
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ASHRAE Standing Standard Project Committee 34

Addendum u

Cognizant TC: TC 3.1, Refrigerants and Secondary Coclants

Robert G. Doerr, Chair*
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SPECIAL NOTE

This American National Standard (ANS) is a national voluntary consensus standard developed under the auspices of the American
Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE). Consensus is defined by the American National Standards
Institute (ANSI), of which ASHRAE is a member and which has approved this standard as an ANS, as “substantial agreement reached
by directly and materially affected interest categories. This signifies the concurrence of more than a simple majority, but not necessarily
unanimity. Consensus requires that all views and objections be considered, and that an effort be made toward their resolution”
Compliance with this standard is voluntary until and unless a legal jurisdiction makes compliance mandatory through legisiation.

ASHRAE obtains consensus through participation of its national and international members, associated societies, and public
review.

ASHRAE Standards are prepared by a Project Committee appointed specifically for the purpose of writing the Standard. The
Project Committee Chair and Vice-Chair must be members of ASHRAE; while other committee members may or may not be ASHRAE
members, all must be technically qualified in the subject area of the Standard. Every effort is made to balance the concerned interests
on all Project Commiittees.

The Manager of Standards of ASHRAE shoulid be contacted for:

a. interpretation of the contents of this Standard,

b. participation in the next review of the Standard,

¢. offering constructive criticism for improving the Standard,
d. permission to reprint portions of the Standard.

DISCLAIMER

ASHRAE uses its best efforts to promulgate Standards and Guidelines for the benefit of the public in light of available
information and accepted industry practices. However, ASHRAE does not guarantee, certify, or assure the safety or
performance of any products, components, or systems tested, installed, or operated in accordance with ASHRAE’s Standards
or Guidelines or that any tests conducted under its Standards or Guidelines will be nonhazardous or free from risk.

ASHRAE INDUSTRIAL ADVERTISING POLICY ON STANDARDS

ASHRAE Standards and Guidelines are established to assist industry and the public by offering a uniform method of
testing for rating purposes, by suggesting safe practices in designing and installing equipment, by providing proper definitions
of this equipment, and by providing other information that may serve to guide the industry. The creation of ASHRAE Standards
and Guidelines is determined by the need for them, and conformance to them is completely voluntary.

In referring to this Standard or Guideline and in marking of equipment and in advertising, no claim shall be made, either
stated or implied, that the product has been approved by ASHRAE.
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free of charge from the ASHRAE Web site at http://www.ashrae.org.
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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 er ANSL)

FOREWORD

This addendum adds a designation of R-422B to the blend R-125/134a/600a (55.0/42.0/3.0) with tolerances of (+:1.0/ £1.0/
+0.1,~0.5) and a safety classification of Al

Addendum a to 34-2004

Add to Table 2 the following entries for R-422B:
TABLE2 Data and Safety Classifications for Refrigerant Blends

Azeotropic Neormal
. . Temperature Boiling Point®
Refrigerant Compeosition Molecular
Number Compoesition (Mass %) Tolerances “Cy (P Mass? Cy (°F) Safety Group
422B R-125/134a/600a (55.0/42.0/3.0) (2£1.0/+]1.0/4+0.1, -0.5) Al
6 ANSVASHRAE Addendum a to ANSI/ASHRAE Standard 34-2004
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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 net been processed according to the ANSI requirements for a standard and may
contain material that has net 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-422C to the blend R-125/134a/600a (82.0/15.0/3.0) with tolerances of (+1.0/ 1.0/
+0.1,—0.5) and o safety classification of A1

Addendum b to 34-2004

Add to Table 2 the following entries for R-422C:

TABLE2 Data and Safety Classifications for Refrigerant Blends

Azeotropic Normal
. Temperature Boiling Point®
Refrigerant Composifion Molecular
Number Composition (Mass %) Tolerances cC) ¢P Mass?® °C) (°F} Safety Group
422C R-125/134a/600a (82.0/15.0/3.0) (£L.0/£1.0/+0.1.-0.5) Al
ANSIASHRAE Addendum b to ANSIVASHRAE Standard 34-2004 7
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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 precess. Unreselved ohjectors on informative
material are not offered the right to appeal at ASHRAE or ANSL)

FOREWORD

This addendum adds a designation of R-4234 to the blend R-134a/227ea (52.5/47.5) with tolerances of (#1.0/ £1.0) and a
safety classification of A1.

Addendum c¢ to 34-2004

Add to Table 2 the following entries for R-4234:
TABLE2 Data and Safety Classifications for Refrigerant Blends

Azeotropic Normal
R Temperature Boiling Point®
Refrigerant Composition Molecular
Number Composition (Mass %) Tolerances °C) (°F) Mass? ¢C) (°F) Safety Group
423A R-134a/227¢a (52.5/41.5) (£1.0/£1.0) Al
8 ANSVASHRAE Addendum ¢ to ANSVASHRAE Standard 34-2004
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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 ANSL)

FOREWORD

This addendum adds a designation of R-4244 to the blend R-125/134a/600a/600/601a (50.5/47.0/0.9/1.0/0.6) with toler-
ances of (#1.0/ £1.0/+0.1,-0.2/+0.1,-0.2/+0.1,-0.2) and a safety classification of A1.

Addendum e to 34-2004

Add to Table 2 the following entries for R-4244:
TABLE 2 Data and Safety Classifications for Refrigerant Blends

Refrigerant Compeosition
Number Composition (Mass %) Tolerances Safety Group
424A R-125/1342/600a/600/601a (50.5/47.0/0.9/1.0/0.6) +1.0/21.0/+1.0-0.2/4+0.1,-0.2/+0.1,-0.2 Al
ANSI/ASHRAE Addendum e to ANSI/ASHRAE Standard 34-2004 9
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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 aceording 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 ANSL)

FOREWORD

This addendum adds a designation of R-4254 to the blend R-32/134a/227ea (18.5/69.5/12.0) with tolerances of (10.5/ 0.5/
2#0.5) and a safety classification of 41.

Addendum f to 34-2004

Add to Table 2 the following entries for R-4254:

TABLE 2 Data and Safety Classifications for Refrigerant Blends

Refrigerant Composition
Number Composition (Mass %) Tolerances Safety Group
425A R-32/134a/227ea (18.5 12 (£0.5/+0.5/40.5) Al

ANSVASHRAE Addendum f to ANSI/ASHRAE Standard 34-2004
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(This foreword is net 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 te appeal at ASHRAE or ANSL)

FOREWORD

This addendum adds a designation of R-601 for pentane (no safety classification) and a designation of R-601a for 2-methylb-
utane (isopentane) with a safety classification of A3.
Additions are shown in this addendum by underlining; deletions are shown by strikethrough.

Addendum k to 34-2004

Add to Table 1 the following entries for R- 601 and R-601a:

TABLE 1 Refrigerant Data and Safety Classifications

. . Normal Beiling Point®
Refrigerant Chemical
Number Name®P Chemical Formula® Molecular Mass® (&) F°) Safety Group
Miscellaneous Organic Compounds
hydrocarbons
601 pentane CH>CH,CH,CH,CH; 2.15 364 96.9 ==
60la 2-methvibutane (CH,),CHCH,CH, 72.15 27.8 82.1 A3
{isopentane)
ANSI/ASHRAE Addendum k to ANSVASHRAE Standard 34-2004 1
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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 ANSL)

FOREWORD

This addendum provides general guidance for the num-
bering of C4-C8 alkanes.

Addendum n to 34-2004

Add the following underlined text to Section 4.5:

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. For
t I ith4t t t um-
er_assigned shall be lus the number of carbon ato
minus 4. For example, butane is R-600, pentane is R-601, hex-
ane is R-602, heptane is R-603, and octane is R-604. The
straight-chain or “normal” hydrocarbon has no suffix. For iso-

mers of the hydrocarbons with 4 to 8 carbon a the lower

ase letters “a”, “b”, “c.” etc., are appended to isomers accord-
ing_to_the d t est_carl [¢
indicated i t elow, For example, R- is assi
for_2-methyibutane (isopentane} and R-601 id be

assigned for 2.2-dimethylpropane (neopentane).

ATTACHED GROUP(S) SUFFIX:
none {straight chain) No suffix
2-methyl-

2,2-dimethyl-

3-methyl-

2,3-dimethyl-

3.3-dimethyl-

2.4-dimethyl-

2,2 3-trimethyl-

3-ethyl-

4-dimethyl-
2,2 4-trimethyl-
2.3 4-trimethyl-
2.2.3 3-tetramethyl
3-ethyl-2-methyl-
3-ethyl-3-methyl-

'
=
T

= I R i < ia"‘w“"’“lﬂ'm Lo I L 2 (=T (T o ol ]
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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 te public review or a consensus process. Unresolved objectors on informative
material are not offered the right to appeal at ASHRAE or ANSL)

FOREWORD

This addendum adds a designation of R-421A4 to the blend R-125/134a (58.0/42.0) with tolerances of (£1.0/ £1.0) and a
safety classification of A1.

Addendum o to 34-2004

Add to Table 2 the following entries for R-421A:

Refrigerant
Number

421A

TABLE 2
Data and Safety Classifications for Refrigerant Blends
Azeotropic Normal
Temperature Boiling Point®
Composition Molecular
Composition (Mass %) Telerances “C) (&) Mass® (°C) (°F)

R-125/1344a (58.0/42.0) (£1.0/£1.0)

ANSI/ASHRAE Addendum o to ANSI/ASHRAE Standard 34-2004

Safety
Group

Al
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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 pro-
cessed according to the ANSI requirements for a stan-
dard 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 ANSIL.)

FOREWORD

The purposes of this addendum are to revise the refriger-
ant flammability classification in ANSI/ASHRAE Standard 34-
2004 and to provide details on the required flammability and
Jractionation testing procedures. The history and rationale for
these changes are explained in a paper by Wilson and Richard
[ASHRAE Transactions, vol. 108, part 2, pp. 739-756 (2002)].
The major change is that flammability (as determined by
flame propagation in air) is to be tested at 100°C for single-
compound refrigerants. For refrigerant blends, two separate
tests at 100°C and 60°C are to be conducted at compositions
corresponding to the WCF and WCFF (see below for defini-
tions), respectively. These are in contrast to the tests at 21-
23°C currently specified in Standard 34-2004.

Details for the required flammability testing are provided
in Section B.1 of new Appendix B. The procedures are based
on ASTM Standard E681 but with specified conditions at
which to run the test. The modifications include the specifica-
tion of a 12-L test flask, ignition by an electric spark, and
video recording of the results. Test conditions of temperature,
pressure, and humidity are also specified as well as data
reporting requirements.

Details for the required fractionation analysis for blends
are provided in Section B.2 of new Appendix B. The analysis
starts with the worst case of formulation for flammability
(WCF—which is the nominal composition with the composi-
tion tolerances that results in the most flammable composi-
tion). The worst case of fractionation for flammability
(WCFF) is the worst case resulting from a series of tests simu-
lating (a) leakage of refrigerant from a storage container
under storage and shipping conditions, (b) leakage from
equipment, and (c) composition shift from successive recharg-
ing of equipment. Conditions of temperature, filling ratio, and
leak rate for the analysis and data reporting requirements are
specified. The analysis for WCFF must be done experimen-
tally and may use mathematical modeling to reduce the num-
ber of experiments. The theory behind the fractionation
analysis is given by Kim and Didion [Int. J HVAC&R
Research, vol 1, pp. 3-20 (1995)].

Several definitions have been added or modified. These
include the definition for heat of combustion as well as several
relating to flammability and fractionation.

Additions are shown in this addendum by underlining;
deletions are shown by strikethrough.

Addendum p to 34-2004

3. DEFINITIONS OF TERMS

elevated temperature flame [imit (ETFL): the minim

concentration of refrigerant that is capable of propagating a

flame through a homogeneous mixture of the refrigerant and

air using test equipment and procedures specified in B.1.1 at
101.3 kPa ia) and either 60.0°C (140°F) or 100°C

{212°F). 1t is normally expressed as a refrigerant percentage

test t °C, it i ed th L

When tested at 100°C, itis cailed the ETFLjqq.

flame propagation: any combustion that moves upward and
outward from the point of ignition as defined in B.1.8 in

heat af combustion (HOC)

require—heat)——the heat released when a substance is
1 termi t i i u

between the reactants (refrigerant(s) and air) and their prod-

ucts after combustion as defined in 6.1.3.5. The heat or

enthalpy of combustion js often expressed as energy perma

{e.g., k¥/kg or Btw/lb).

lower flammability limit (LFL): the minimum concentration
of the-refrigeranta substance, a refrigerant in this standard,
that is capable of propagating a flame through a homogeneous
mixture of the refrigerantsubstance and air under specified
test conditions specified-in-ASTM E68Y *_The LEL normally
is-expressed-as refrigerant-percentage-by-volume.

nominal formulation: the bulk manufactured composition of
the refrigerant, which includes the gas and liquid phases. For
the se of this standard, when a container is 80% or mor
liguid filled, the liguid composition may be considered as the
nominal composition.

r: mulation for flammabili st
npominal formulation, including the compeosition tolerances,

that results in the most flammable concentration of compo-
nents.

weorst case of fractionation for flammabili CFF): the
itl roduced dun tionati t t

of formulation for flammability that results in_the highest

concentration of flammable component(s} as identified in this

standard in the vapor or liquid phase.

4. NUMBERING OF REFRIGERANTS

4.4 Blends shall be-designated-by-theirrespectiverefriger-
ant-numbers-and-mass-propertions identified by the designa-
tions assigned in this standard.. Refrigerants shall-be-narned
Blends without assigned designations shall be identified by
their compositions, listing the components in order of increas-~
ing normal boiling points eﬁ—the—eempe&eﬂ%s w
slashes, for example, R-32/134a

134a. Specific formulations shall be funher 1dent1ﬁed by
appending the corresponding mass fractions expressed as per-
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centages to_one decimal place and enclosed in parentheses
le, R-32/1 When_f tion tol-

erances are relevant to the discussion, the corresponding tol-

erances shall be appended in a second set of parentheses, for
example R-32/125/134a 10.0/60. +1.0,-2.0/+2.0/

£2.0) for a blend of R-32, R-125, and R-134a with nominal

mass fractions 0f 30.0%, 10.0%, and 60.0%, respectively, and
mass fractions of 28.0-31.0%, 8.0-12.0%, and 58.0-62.0%

wgth tolerances, agam respecgveiy Gempesxﬂm&s—sha}l—be

6. SAFETY GROUP CLASSIFICATIONS

6.1.3 Flammability Classification Refrigerants shall be
assigned to one of three classes—1, 2, or 3—based on flam-
mability. Tests shall be conducted in accordance with ASTM
E681! using a spark ignition source. Testing of all halocarbon
refrigerants shall be done in accordance with the Annex of
ASTM E681. Single-compound refrigerants shall be
assigned a single flammability classification, Refrigerant
blends shall be assigned ﬂammabili classifications as spec-

d in 6.1 nd hal ablh

endlx B A
fractionation analysis fgr flammability is not required if the

ts of t end ar i ;4 1
that same class.

fractl na’non anal ee Section B2 in

ANSI/ASHRAE Addendum p to ANSI/ASHRAE Standard 34-2004

6.1 3 1 _Class1
und refrigerant shall be classifi C
1Lifthe rgfng rant does not show flame propagation when
tested in air at 100°C (212°F) and 101.3 kPa (14 i
() The WCF of a refrigerant blend shall be classified as
Wﬂm

te t 2°

Q] .3 kPa (14.7 psia).

F of the blend as determmed fr n

does not show flame propagation when tested at 60.0°
(140°F) and 101.3 kPa (14.7 psia).
6132 Class?2

(a) A single-compound refrigerant shall be classified as Cla

2 if the refrigerant meets all three of the following condi-
tions:

1}_exhibits flame propagation when tested at

100°C (212°F) and 101.3 kPa (14.

(2) has an LFL > 0.10 kg/m? (0.0062 Ib/fi?) [see
4 if t i t LFL at °

101.3 kPa], and

(3) _has a heat of combustion <19,000 k¥kg (8,169

Baw/lb ee 6.1.3.51

f a refrigerant hall be
Class 2 if it meets all three of the following conditions:
(1) exhibits flame propagation when tested at
°C (212° 4 i
(2)_has an LFL > 0.10 kg/m? (0.0062 1b/6%) [see
6.1.3.4 if the WCF of the blend has no LFL at
23.0°C and 101.3 kPa}, and
(3) has a heat of combustion <19,000 ki/kg (8,169
Btw/lb) [see 6.1.3.5].
(c} The WCFF of a refrigerant blend shal] be classnﬁed as
it three of the
(1) exhibits flame propagation when tested at
60.0°C (140°F) and 101.3 kPa (14.7 psia},

(2) has an LFL > 0.10 kg[m3 (0.0062 lb[ﬂ31 fsee
6.1.3.4 if the WCFF of the blend has no LFL at

23.0°C and 101.3 kPa], and
3) has a heat of combustion <19,000 kI 8,16
Btw/lb) [see 6.1.3.5].
6.1.3.3 lass
(a) A single-compound refrigerant shall be classified as Class
3 if the refrigerant meets both of the following conditions:

ibits _flame ti test t
100°C (212°F) and 101.3 kPa (14.7 psia) and

(2) has an LFL < 0.10 kg/m?l (0.0062_1b/f3) [see
.1.3.4_if the refrigerant ha at 23.0°C and

101.3 kPa]; or it has a heat of combustion that is
219,000 kl/kg (8,169 Btw/lb).

{b) The WCF of a refrigerant blend shall be classified as

Class 3 if it meets both of the following conditions:

(1) the WCF exhibits flame propagation when
test °C (212°F) and 101. 4 ia
and
(2) the WCF has an LFL < 0.10 kg/m2 (0.0062 It/

ﬁ3) [see 6.1.3.4 if the WCF of the blend has no LFL
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at 23.0°C and 101.3 kPa). or the WCF of the blend

a heat bustion that is > kJ,
{8,169 Btw/lb).
(c) The WCFF of a refrigerant blend shall be classified as

Class 3 if it meets both of the following conditions:

the FF _exhibits flame propagation wh
test ° 4Q° i
(2)_the WCFF has an LFL < 0.10 kg/m? (0.0062 1b/
ft3)_[see 6.1.3.4 if the WCFF of the blend has no

LFL at 23.0°C and 101.3 kPa CFF of the
blend has a heat of combustion that is >19,000 kI/
kg (8,169 Btu/lb).

6.1.3.4 _For Class 2 or Class 3 refrigerants or refrigerant
blends the LFL shall be determmed For those Class 2 or

prop agatlon when testedat 23 0°§; ( 23 4°F[ anQ l!!l &Ea

14.7 psia) Ji.e., no LFL], an elevated temperature flame limit

(ETFL) shall be used in lieu of the LFL for determining their

flammability classifications, as follows

(a) For a single-compound refrigerant, the ETFL;qq shall be
i in liew of the LFL

() For the WCF of a refrigerant blend, the EFTL ;¢ shall be
used in lieu of the LFL [see Table 3].
the WCFF of a refrigerant blend, the E
used in lieu of the LFL {see Table 3].
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 can be calculated, if the heat of formation (enthalpy
of formation) of the refrigerant and its products of reac-
tion are known. Values for heats of formation are tabu-
lated 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. In this_standard, the heat of combustion is
positive for exothermic reactions. Calculated values shall

hall be

n_t t ti
t wit] toichi i -
tion. The reactants and the combustion products shall be
t: int ti

shall be CO, (N,, SO, if nitrogen or sulfur are part of the
reﬁigeraut’s_mo_lgculg} structure), HE and HCI, if there is
enough hydrogen in the molecule. If there is insufficient
hvdrogen available for the formation of both HF and HCI,
then the formation of HF takes preference aver the forma-
tion of HCI. The remaining F and Cl produce E, and Cl,,
Excess H shall be assumed to be converted to H,0.

(b) For refrigerant blends, the heat of combustion shall be
measured or calculated from a balanced stoichiometric
equation of all component refrigerants.

{c) Heats of formation and heats of combustion are normally
expressed as energy pexr mole (kJ/mol or Bawmol). For

purposes of flammability classification under this stan-

dard, col h co ti refri
from an energy per mole value 10 an energy per mass

value (kV/kg or Btu/lb),

8. APPLICATION INSTRUCTIONS

8.5.2.2 Azeetropic Blends The following additional
information shall be provided for azeotropes:
{p) Proposed composition tolerances for classification.
(q) Worst case of formulation for flammabili
blend.
(r) Worst case of fractionation for flammability (WCFF) of
the blend.
8.5.2.3 Zeotropic Blends The following additional
information shall be provided for zeotropes (including near
azeotropes):
(n) Proposed composition tolerances for classification.
(0) Worst case of formulati r flammabili F) of the
blend.
(p) Worst case of fractionation for flammability (WCFF) of
the blend.

8.7 Flammability Information Applications for single-com-
pound refrigerants and refrigerant blends shall include the
tabulated flammability test data and information identified in
8.71B.1.9 in Appendix B. Applications for refrigerant blends
shall also include thetabulated fractionation data and informa-

tion_identified in 8:2:6-and-8:7-2B.2.6 in_Appendix B. See
8.1.6 regarding blend components.
ncludine (! Jimited-t0

8.7.21 Fractionation Analysis Applications shall
include an analysis of fractionation_and shall include test

results determined in accordance with B.2 in Appendix B.

9. REFERENCES

2 Standard for Safety — Refrigerants, UL Standard 2182
d it tori Tt L

Title 49 CFR (Code of Federal Regulations), Section
173 306
Richard, R. Re igerant Flamma ility Testing in Large

olume

1 L n i 810-
87). Alr-Condmomng and Reﬁ1gerat10n Technologx Instj-
tute, Allmgtgm, VA, 1998,
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Add Table 3

TABLE 3 Flammability Classifications

Class Single-Component Refrigerant WCEF of a Refrigerant Blend WCFF of a Refrigerant Blend
1 No flame propagation when tested at No flame propagation when tested at | No flame propagation when tested at 60.0°C
100°C (212°F) and 101.3 kPa (14.7 | 100°C (212°F) and 101.3 kPa (14.7 psia) (140°F) and 101.3 kPa (14.7 psia)
psia)
2 Flame propagation when tested at | Flame propagation when tested at 100°C | Flame propagation when tested at 60.0°C
100°C (212°F) and 101.3 kPa (14.7 (212°F) and 101.3 kPa (14.7 psia) (140°F) and 101.3 kPa (14.7 psia)
psia)
and and
and
LFL? > 0.10 kg/m® LFL?> 0.10 kg/m®
LFL? > 0.10 kg/m?3 (> 0.0062 Ib/ft%) (> 0.0062 Ib/ft%)
¢ 0.0062 Ib/f%)
and and
and
heat of combustion heat of combustion
heat of combustion <19,000 kJ/kg (<8,169 Btu/lb) <19,000 kJ/kg (<8,169 Btw/ib)
<19,000 kJ/kg (<8,169 Buw/Ib)
3 Flame propagation when tested at Flame propagation when tested at 100°C | Flame propagation when tested at 60.0°C

100°C (212°F) and 101.3 kPa (14.7
psia)

and

LFL? < 0.10 kg/m®
(£0.0062 Ib/ft%)

or
heat of combustion

> 19,000 kl/kg
(= 8,169 Btwib)
i FL) i 3

(212°F) and 101.3 kPa (14.7 psia)
and

LFL? £0.10 kg/m®
(< 0.0062 1b/ft%)

or
heat of combustion

> 19,000 kV/kg
(= 8,169 Btw/lb)

{212°F) and 101.3 kPa (14.7 psia)
and

LFL? <0.10 kg/m?
(< 0.0062 Ib/fi%)

or
heat of combustion

> 19,000 k/kg
(2 8,169 Btw/lIb)
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his_appendix is a normative appendix and is part of

this standard.)

APPENDIX B
DETAI E TESTING—FLAMMABILI

B.1 Flammability Testing Flammability tests shall be

conducted in accordance with A, E681 (reference 1). The

test vessel size shall be a nominal 12 liter (0.424 ﬁi) spherical
lass flask (see Figure B.1). The ignition source shall be a
spark from a transformer secondary rated at 15 kV and 30 mA
alternating current (A/C) as described in ASTM E681, with a
0.4 second spark duration. The electrodes shall be 1 mm, L-
shaped tungsten wire electrodes that are spaced 6.4 millime-
ters (1/4 inch) apart and that extend out of the plane of the elec-
trode holder (see spark asse diagram in Figure B.2 1
more details). The ignition source shall be placed at a height
from the bottom of the test vessel that is one-third the diameter
of the vessel. Tests shall be conducted at the temperatures
specified below and at 1% by volume (refrigerant/air) incre-
ments. The absolute humidity of the air used for mixing shall
e 0.00 ms of water vapor per gram of dry air [which
equates to 50% relative humidity at 23.0°C (73.4°F)and 101.3
kPa (14.7 psia)}.
CAUTION; Flammability test procedures specified in
this standard are modified procedures of an ASTM test
that uses a glass flask as a test vessel. Extreme cantion
should be employed by test facilities to safeguard against
personal injury and equipment damage. Vessels are
ject t ing t i iger-
ants may produce highly toxic or ¢ ivi -products.
Testing facilities should consult safe cautions cited

in the ASTM test standard, along with state and federal
regulations.
B.1.1
{a) For_single-compound refrigerants, flammability tests
shall be conducted at 100°C (212°F) and 101.3 kPa (14.7
psia)._Testing shall be conducted up to and including the
point at which flame propagation is demonstrated. If no
flame propagation is apparent, testing shall be done until
at least three consecutive concentration_increments_have
the stoichi i it
beyond the point that combustion around the spark has
(b) For refrigerant blends, flammability tests shall be con-
ducted on the WCEF at 100°C (212°F) and 101 .3 kPa (14.7
psia) and also shall be conducted on the WCFF at 60.0°C
140°F) and 101.3 kPa (14.7 psia). The WCFF shall be
determined by the method specified in B.2. When appli-

cation of the composition tolerances to the nominal for-
mulation produces several possible worst case of

ctionation for flammability formulations, the applican
shall conduct flammability testing on all possible worst
case of fractionation for flammability formulations or
provide sufficient justification for eliminating one or

the ible worst case ti 1 -
mability formulations.
{c) t igerants that show flame agation_i

accordance with step (a) or above, flammability test-

ing shall also be conducted at 23.0°C (73.4°F) and 101.3

18

o0

<

(

-

1/3 Flosk

Dio\[\e‘ter

s tows o

kPa (14.7 psia) to determine the LFL. Under test condi-

tions specified in B.1 at 23.0° 3.4°F) and 101.3 kPa

(14.7 psia), the LFL normally is expressed as refrigerant
percentage by volume percent by 0.0004]1 X molecular
mass_{gram-mole) to obtain kg[m3 or_by 0.000026 x
molecular mass (gram-mole) to obtain Ib/R2. For refrig-
erant blends, these tests shall be conducted on the WCF
and the WCFF.

B.1.2 When a refrigerant blend containing one or more

flammable component(s) is being examined, testing shall be

nguct: t including ¢ int at i -
agation is demonstrated. If no flame propagation is apparent,
testing shall be done until at least three consecutive concen-
tration increments have been made beyond the stoichiometric

ition ai nd t int that tion a the
spark has diminished.

B.1.3 When the ETFL oo of the flammable component(s)
is known, testing for the ETFLqq. the ETFLgq, or the LFL
shall begin at 1%, by volume, lower than the lowest ETFL; 0.
When the ETFL ;g0 is not known, testing shall begin at 1%

efiigerant the test_of the jnitia trati
results in a flame propagation, then subseguent testin,
concentrations_shall be reduced in 1% volume increments
until the appropriate flame limit is determined.
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B.1.4_The mass percent formulation of the tested blend
shall be verified through gas chromatography to a tolerance of

0.5 mass% or one-fourth of the composition tolerance range,
whichever is smaller.

B.1.5 Sa 11 be introduced into the flammabili
test apparatus in the vapor phase in accordance with ASTM
E681. Liquid samples of the refrigerant or blend ¢ osition
to_be tested shall be expanded into a suitable evacuated
container such that only vapor under pressure is present. The
vapors shall be introduced into the flammability test appara-
tus. _Air shall then be added to the test apparatus. Measure-
ment of the refrigerant-to-air concentration shall be by partial
pressures. The refrigerant and air shall be mixed in the cham-

ber for at least 2 minutes. Activation of the ignition source
shall commence within 30 to 60 seconds of stister deactiva-

tion.

B.1.6 If flame propagation is observed while the spark is
still active (i.e., the spark is overdrving the test vessel), then

ANSI/ASHRAE Addendum p to ANSI/ASHRAE Standard 34-2004

the test shall be repeated using a spark duration of less than 0.4
second but at least 0.2 second.

B.1.7 _All ﬂammablhg tegts shall be recgrded u§mg a

mgle ﬁ“ame advange §ha]! be avallable durmg testmg A copy
f the video recordi n NTSC fo S tape, shal
submitted upon request of the committee

terminin lm

ests on t!;at gefngerant—alr cgmcentratlon A ﬂame propaga-

tion is any _combustion that, having moved upward and
utwars h i ignition t ls o i

continuous along an arc that is greater than that subtended by

an angle equal to 7/2 (90 degrees), as measured from the point

of ignition to the walls of the flask (see Figure B.1).

.1.9 Flammabili est Data Required A
shall include test results determined in accordance with B.1.
Test_conditions shall be controlled to the tolerances cited
elow. Applications shall include tabulated flammability test

data for each refrigerant or refrigerant blend composition
tested. These data shall include but are not limited to:

a) refni erant blend co ition tested: +0.1 mass%
b) flammability test temperature: +£3°C (+5°
c) fractionation or leak test temperature: £0.1°C (+0.2°
{d) test pressure: +0.7 kPa (+0.1 psi)

humidity: & 0
ir

ms of water vapor per gram of d

refrigerant/air concentration: £0.2% by vi
tion; +

(h) flame propagation_determination as measured from the

int of ignition to the walls of the flask: +£0.087 radians (£5.0

degrees)

B.2 Fractionation Analysis Applications shall include
an analysis of fractionation.

B.2.1 The applicant shall report results of a fractionation

analysis _conducted to determine vapor and liguid phase

compositions of refrigerant blends under conditions of leak-
age {(see B.2 4) and successive charge/recharge condition e

B.2.5)._The analysis shall be validated through experimenta-

tion. A compute al atical model used to iden-
tify the WCFE._1f a computer or mathematical model is used,
1 the licant 1 ify t 1

submit_experimental data that verifies the accuracy of the
mode] at the conditi hat predict th

B.2.2 All fractionation analysis shall begin using the
WCE. When application of the composition tolerances to the
nominal formulation produces several possible worst case of
formulation for flammability formulations, the applicant shall
investigate all possible worst case of formulation for flamma-

ili rmulation ide sufficient justificati im-
inating one or more of the possible worst case of formulation
for flammability formulations.
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B.2.3 The mass percent formulation of the tested blend

hall be verified throu as chromat to a tolerance of
£0.5 mass % or one-fourth of the composition tolerance,
whichever is smaller,

B.2.4 Leakage Testin efrigerant blends containing a
flammable co nent(s) shali be evaluated to determine their
worst_case of fractionatio r flammabili fation(s
durin rage/shi or_use. xperimental _test:

computer/mathematical modeling shall be conducted to simu-
late leaks from

(a) a_container under storage/! ing conditions and

a container representing air-conditioning and refrigeration
equipment during normal operation, standby, and shi
conditions.

Note:The container used for these tests shall be rated to
handle the vapor pressure of the formulation at the high-
est temperature encountered.

B.2.4.1 I eaks Under Storage/Shipping Conditions To

simulate leaks under storage/shi conditions, _the
containe e filled with the WCF at 23.0° 3.4°F) to
90% of the maximum permissible, that which precludes a
100% liquid fill at 54.4°C (130°F), and_then shal vapo,
leaked, 2% by mass of the starting initial charge per hour, atthe
following temperatures:

{a) 54.4°C (130°F)
b) -40.0°C_(-40.0°F) or_the
(18.0°F), whichever is warmer,

{c) The temperature that results in the WCFF between (a) and
(b)ifthe WCFF does not exist at either (a) or (b). If no temper-
ature between {a) and (b) results in the WCFF then_the frac-
tionation test shall instead be conducted at 23.0°C (73.4°F).

he applicant shall justifv and document what constitutes the
te ture at which the worst case of fractionation for flam-

mability formulation occurs.

In_the fractionation experiment, the composition of the
head space gas and remaining liquid shall be determined by

analysis. Analyses shall be made initially after 2% of the total
charge has leaked (vapor leak), next at 10% loss of the initial

mass, then at 10% mass loss intervals of the initial mass until

ic pr in t i no li
remains. Ifliguid remains after 90% of the initial mass is lost
and atmospheric pressure has not been reached, then the next
and last analysis of head space gas and remaining liquid shall
be done at 95% mass loss.

B.2.4.2 I.eaks from Equipment To simulate leaks from
equipment, the container shall be filled with the WCF at ambi-
ent temperature to 15% of the maximum permissible fill and
then shall be vapor leaked at the following temperatures:

{a) 60.0°C (140°F)
(b) -40.0°C (-40.0°F) or the bubble point plus 10.0°C
{18.0°F), whichever is warmer,

e te) rature that results in the t n

(b)ifthe WCFF does not exist at either {a) or (b). Ifno temper-
ature between (a) and (b) results in the WCFF then the frac-

ubble point plus 10.0°C

20

tionation test shall instead be conducted at 23.0°C
The applicant shall justify and document what constitutes the

temperature at which the worst case of fractionation for flam-
mability formulation occurs.

analysis. Analyses §hall be made mltlally after 2% of the totgl
charge has leaked, next at 10% loss of the initial mass, then at
10% mass loss intervals of the initial mass until atmospheric
pressure is reached in the cylinder or no lquid remains. If
liguid remains after 90% of the initial mass is lost and atmo-
spheric pressure has not been reached, then the next and last
analysis of head space gas and remaining liquid shall be done
at 95% mass loss.

echargmg on the cgmposmon ofthe blend A contamer sha!!

be charged to 15% full of its maximum permitted fill with
worst case ulation for flammability formulation of the
refrigerant blend. A vapor leak at a rate of 2% by mass of the

starting charge per hour shall be created and maintained at
ambient temperature until 20% of the starting charge has been
leaked. When 20% leak is reached, the composition of the

head space gas shall be determined by analysis. The container
i t t V.

measured in the above defined manner. The charge/leak cycle

shall be performed a total of five times. At the conclusion of

the fifth leakage, the com: of the head space gas and

liguid shall again be determined by gas chromatography.

B.2.6 Fractionation Analysis Data Required The
applicant shall submit for each fractionation scenario:

ti ti test t +0.1°C; £0.2°
(b)_tabulated liquid and vapor compositions at each leaked
increment (0.1 mass %)

(c) for modeled analysis, model accuracy at conditions_that
predict the worst case of fractionation for flammability
{WCFF) formulation.

The applicant shall also provide a description of test appa-
s and edures used. licant uses a compute

mathematical model for determining the WCFF, the applicant

shall identify the model used and submit supporting data veri-
fying the accuracy of the model against experimental
measurements at conditions that predict the WCFF.

Note:
Appendix B, “Bibliography,” is now Appendix C.

Appendix C, “Addenda Description Information,” is now
Appendix D. Table C-1 is now Table D-1.
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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 2 consensus process. Unresolved objectors on informative
material are not offered the right to appeal at ASHRAE or ANSL)

FOREWORD

This addendum adds a designation of R-4224 to the blend R-125/134a/600a (85.1/11.5/3.4) with tolerances of (£1.0/ +1.0/

+0.1, -0.4) and a safety classification of Al.
Additions are shown in this addendum by underlining; deletions are shown by strikethrough.

Addendum q to 34-2004

Add to Table 2 the following entry for R-4224:

TABLE 2 Data and Safety Classifications for Refrigerant Blends

Normal
Azeofropic Boiling
Refrigerant Temperature Molecuiar Point® Safety
Number Composition (Mass %) Composition Tolerances °C) °F) Mass? °C) ®°) | Group
422A R-125/134a/600a (85.1/11.5/3.4) +1.0/41.0/40.1, -0.4 Al

ANSI/ASHRAE Addendum q to ANSI/ASHRAE Standard 34-2004
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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 ANSL)

FOREWORD

This addendum adds a designation of R-421B to the blend R-125/134a (85.0/15.0) with tolerances of (£1.0/ *1.0) and a
safety classification of A1.
Additions are shown in this addendum by underlining; deletions are shown by strikethrough.

Addendum r to 34-2004

Add to Table 2 the following entry for R-421B:
TABLE 2 Data and Safety Classifications for Refrigerant Blends

Azeotropic Normal
Refrigerant Temperature Molecular | Boiling Point® Safety
Number |Compesition (Mass %)| Composition Tolerances {°C} °F) Mass® (°C) (F°) Group
21B R-125/1342 (85.0/15.0) +1.04 Al
22 ANSVASHRAE Addendum r to ANSIYASHRAE Standard 34-2004
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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 en informative
material are not offered the right to appeal at ASHRAE or ANSL)

FOREWORD

This addendum adds a designation for R-227ea for 1,1,1,2,3,3,3-heptafluoropropane and a safety classification of A1.
Additions are shown in this addendum by underlining; deletions are shown by strikethrough.

Addendum s to 34-2004

Add to Table 1 the following entry for R-227ea:
TABLE 1 Refrigerant Data and Safety Classifications

Normal Boiling Point®| Safety
Refrigerant Group
Number Chemical Name®? Chemical Formula® MolecularMass® (&) (F°)
R-227¢a 2 -hept CF,CHFCE; —170.03 =156 39 Al
ANSI/ASHRAE Addendum s to ANSVASHRAE Standard 34-2004 23
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(This foreword is not part of this standard. It is merely
informative and does not coentain requirements necessary
for conformance to the standard. It has not been pro-
cessed according to the ANSI requirements for a stan-
dard and may contain materijal 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 ANSL)

FOREWORD

The purpose of this addendum is to add a new section to

the standard to specify the criteria to determine recommended
“Refrigerant Concentration Limits” (RCL) in occupied spaces
and to add RCL values to Tables I and 2. It is anticipated that
the RCL calculation method and values will eventually be ref-
erenced in Standard 15 as part of an ongoing, coordinated
effort by SSPC 15 and SSPC 34 to consolidate toxicity and
flammability data for refrigerants contained in Standard 34
and requirements to use refrigerants, based on these and other
data, contained in Standard 15. Informative items from Tables
1 and 2 that are not part of the standard have been deleted,
i.e, molecular mass, normal boiling point, and azeotropic
molecular mass and azeotropic temperature. This addendum
also includes new definitions, calculational and data criteria,
and supporting references. The definitions relate an intermedi-
ate term, the “acute toxicity exposure limit” (ATEL), to the
“immediately dangerous to life and health” (IDLH) concen-
tration for which IDLH values have not been adopted.

The RCL values for six refrigerants have a footnote stat-
ing: "the RCL values for these refrigerants are provisional
based on data found in searches for other refrigerants, but
not fully examined.” The provisional RCL values can be
finalized and the provisional footnote removed through con-
tinuous maintenance after completion of a literature search
or after examination of new toxicity information.

Addendum u to 34-2004

[Add new definitions in Section 3 as follows.]

acute-toxicity exposure limit (ATEL): the refrigerant concen-
tration limit determined in accordance with this standard and
intended to reduce the risks of acute toxicity hazards in
normally occupied, enclosed spaces. ATEL values are similar
to the Immediately Dangerous to Life or Health (IDLH)
concentrations, set by the National Institute of Occupational
Safety and Health (NIOSH). ATELSs include explicit, addi-
tional components for cardiac sensitization and anesthetic
effects, but they do not address flammability. The lowest of the
ATEL, 50,000 ppm by volume, or 10% of the LFL, therefore,
provides a conservative approximation to IDLH concentra-
tions when needed for refrigerants without adopted IDLH
values.

approximate lethal concentration (ALC): the concentration
of a substance, a refrigerant in this standard, that was lethal to
even a single test animal when tested by the same conditions
as for an LCs test.

24

anesthetic effect: loss of the ability to perceive pain and other
sensory stimulation.

central nervous system (CNS) effect: treatment-related
depression, distraction, stimulation, or other behavioral modi-
fication suggesting temporary or permanent changes to
control by the brain.

ECsy (effective concentration 50%): the concentration of a
material, a refrigerant in this standard, that has caused a
biological effect to 50% of test animals.

Sflammable concentration limit (FCL): the refrigerant
concentration limit, in air, determined in accordance with this
standard and intended to reduce the risk of fire or explosion in
nommally occupied, enclosed spaces.

lowest observed effect level (LOEL): the concentration of a
material, a refrigerant in this standard, that has caused any
observed effect to even one test animal.

no-observed-effect level (NOEL): the highest concentration
of a material, a refrigerant in this standard, at which no effect
has been observed in even one test animal.

oxygen deprivation limit (ODL): the concentration of a refrig-
erant or other gas that results in insufficient oxygen for normal
breathing. For this standard, the ODL is the concentration that
reduces the oxygen content in normal air to below 19.5%,
assuming uniform mixing.

refrigerant concentration limit (RCL): the refrigerant
concentration limit, in air, determined in accordance with this
standard and intended to reduce the risks of acute toxicity,
asphyxiation, and flammability hazards in normally occupied,
enclosed spaces.

[Add a new Section 7 as follows. Also, renumber existing
Sections 7 (Refrigerant Classifications), 8 (Application
Instructions), and 9 (References) as Sections 8, 9, and 10,
respectively. Revise all references to these sections accord-

ingly.]

7. REFRIGERANT CONCENTRATION LIMIT (RCL)

7.1 Single-Compound Refrigerants. The RCL for each

refrigerant shall be the lowest of the quantities calculated in

accordance with 7.1.1, 7.1.2, and 7.1.3, using data as indi-
cated in 7.3 and adjusted in accordance with 7.4. Determina-
tion shall assume full vaporization; no removal by ventilation,
dissolution, reaction, or decomposition; and complete mixing
of the refrigerant in the space to which it is released.

7.1.1 Acute-Toxicity Exposure Limit (ATEL). The

ATEL shall be the lowest of items (a)-(d) as follows:

(a) Mortality: 28.3% of the 4-hour LCsq for rats. If not
determined, 28.3% of the 4-hour ALC for rats. If neither
has been determined, 0 ppm. The following equations
shall be used to adjust LCsg or ALC values that were
determined with 15-minute to 8-hour tests, for refriger-
ants for which 4-hour test data are not available:

LCs0 or 7= LCs0 for - (¢/T)*2

or

ANSI/ASHRAE Addendum u to ANSVASHRAE Standard 34-2004
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ALCy=ALC,- (/D)2

where
T = 4 hours, and
t = test duration expressed in hours, 0.25-8.

(b) Cardiac Sensitization: 100% of the NOEL for cardiac
sensitization in unanesthetized dogs. If not determined,
80% of the LOEL for cardiac sensitization in dogs. If nei-
ther has been determined, 0 ppm. The cardiac sensitiza-
tion term is omitted from ATEL determination if the LCs;
or ALC in (a) is less than 10,000 ppm by volume or if the
refrigerant is found, by toxicological review, to not cause
cardiac sensitization.

(c) Anesthetic or Central Nerveus System Effects: 50% of
the 10-minute ECsy in mice or rats for loss of righting
ability in a rotating apparatus. If not determined, 50% of
the LOEL for signs of any anesthetic or CNS effect in rats
during acute toxicity studies. If neither has been deter-
mined, 80% of the NOEL for signs of any anesthetic or
CNS effect in rats during an acute, subchronic, or chronic
toxicity study in which clinical signs are documented.

(d) Other Escape-Impairing Effects and Permanent
Imjury: 80% of the lowest concentration, for human
exposures of 30 minutes, that is likely to impair ability to
escape or to cause irreversible health effects.

7.1.2 Oxygen Deprivation Limit (ODL). The ODL shall
be 69,100 ppm by volume.

7.1.3 Flammable Concentration Limit (FCL). The FCL
shall be calculated as 25% of the LFL determined in accor-
dance with 6.1.3.

7.2 Blends. The RCL for refrigerants comprising multiple
compounds shall be determined by the method in 7.1 except
that individual parameter values in 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.

7.3 Data for Calculations. The data used to calculate the
RCL shall be taken from scientific and engineering studies or
published safety assessments by governmental agencies or
expert panels. The applications submitted under section 8, or
therein referenced source studies for toxicity data, must indi-
cate the extent of compliance with good laboratory practices
(GLP) in accordance with references 7, 8, 9, or 10 or earlier
editions of these references in effect when the studies were
performed. Data from peer-reviewed publications, including
Jjournal articles and reports, also are allowed.

7.3.1 Alternative Data. Data from studies that have not
been published, from studies that have not been peer
reviewed, or from studies involving species other than those
indicated in 7.1.1. (a)-(d), shall be submitted to the authority
having jurisdiction (AHJ) for approval. For RCL values to be
published in addenda or revisions to this standard, the AHJ
shall be the committee. Submissions shall include an evalua-
tion of the experimental and analytical methods used, data
from alternative sources, and the extent of the data search. The
submissions shall summarize the qualifications of the person
or persons providing the evaluation.

ANSI/ASHRAE Addendum u to ANS/ASHRAE Standard 34-2004

7.3.2 Conservative Data. Where multiple data values
have been published, the values used shall be those resulting
in the lowest RCL.

Exceptions:

1. Where subsequent, peer-reviewed studies explicitly
document flaws in or refinements to previously
published data, the newer values shall be used.

2. For the cardiac sensitization and anesthetic effect
NOEL in 7.1.1 (b) and (c), respectively, the high-
est-published NOEL not exceeding a published LOEL,
for any fraction of tested animals, shall be used. Both
the NOEL and LOEL must conform to 7.3 or 7.3.1 for
this exception.

7.3.3 No-Effect Data. Where no treatment-related effect
was observed in animal tests for items 7.1.1 (a)-(d), the ATEL
calculation required by 7.1.1 shall use the highest concentra-
tion tested in lieu of the specified effect or no-effect level.

7.3.4 ALC and LOEL Qualification. No ALC or LOEL
shall be used for items 7.1.1(a)-(c) if it resulted in the effect
measured (mortality, cardiac sensitization, or anesthetic
effect) in more that half the animals exposed at that concen-
tration or if there is a lower ALC or LOEL for any fraction of
tested animals.

7.3.5 Consistent Measures. Use of data that are deter-
mined in consistent manner, or by methods that consistently
yield a lower RCL for the same effects, is allowed for the
parameters identified in 7.1.

7.4 Units Conversion

7.4.1 Mass per Unit Volume. The following equation
shall be used to convert the RCL from a volumetric ratio, ppm
by volume, to mass per unit volume, g/m3 (Ib/Mcf):

RCLy=RCL-a-M

where
RCLy, the RCL expressed as g/m> (Ib/Mcf)
RCL the RCL expressed as ppm v/v
a = 4.096- 107 for g/ m>(1.160 x 10” for Ib/Mcf
M = the molecular mass of the refrigerant in g/mol (Ib/
mol)
7.4.2 Adjustment for Altitude. The RCL shall be

adjusted for altitude, when expressed as mass per unit vol-
ume, g/m> (Ib/Mcf), for locations above sea level. The RCL
shall not be adjusted when expressed as a volumetric ratio,

ppm.
rely=RCLy, - (1-[b - A])

where

rel, = the adjusted RCLy,

b 7.94 - 10° for m (2.42 - 107 for ft)

h altitude above sea level in m (ft)

7.5 RCL Values. Refrigerants are assigned the RCLs indi-
cated in Tables 1 and 2.

7.51 Influence of Contaminants. The RCLs indicated in
Tables 1 and 2 are based on data for pure chemicals; RCLs

1l
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shall be determined in accordance with 7.5.2 for refrigerants
containing contaminants or other impurities that alter the
flammability or toxicity.

7.5.2 RCLs for Other Refrigerants. RCLs for other
refrigerants shall be determined in accordance with this stan-
dard and submitted to the authority having jurisdiction (AHT)
for approval. Submissions shall include an evaluation of the
experimental and analytical methods used, data from alterna-
tive sources, and an indication of the extent of the data search.
The submission shall summarize the qualifications of the per-
son or persons that prepared the recommended RCLs.

[Add a new Section 8.8 to the current Section 8 (to be renum-
bered as Section 9) as follows.]

8.8 Contaminants and Impurities. Identify contaminants
and impurities, including isomeric and decomposition impu-
rities, from manufacturing, transport, and storage known to
increase the flammability or toxicity within the precision of
the RCL. Also identify limits for those impurities.

[Add a new Section 8.8.8 to the current Section 8 (to be
renumbered as Section 9) as follows.]

8.8.8 Substantiation. Copies of data sources referenced
in applications shall be submitted for committee use upon
request by the Manager of Standards. These copies shall
include the complete documents or pertinent chapters, to
enable verification of methods and limitations. The quantity
shall be as indicated in 8.8.5.

Exception: The quantity shall be reduced to four copies
for copyrighted journal articles, conference papers,
reports, or other publications for which royalties are
charged for reproduction.

26

[Update the following references in the current Section 9 (to

be renumbered as Section 10) as shown. Added parts are

shown with underlining and deleted parts shown with
strikethrough.]

ToECD Principles of Good Laboratory Practice, Annex 2 of
Decision C(81)30(Final), Organization for Economic
Co-operation and Development (OECD), Paris, France,
13 May 1981 as revised through 1999.

8Good Laboratory Practice for Nonclinical Laboratory
Studies, Food and Drug Administration (FDA), 21 CFR
Chapter 1 Part 58, Subparts 4-K, Government Printing
Office, Washington, DC, 1996 1 April 2000

9Good Laboratory Practice Standards, Environmental Pro-
tection Agency, 40 CFR Part 792, Subparts A-J, Gov-
ernment Printing Office, Washington, DC, 1996 1 July
2000

[The following reference has not changed from the currently

published standard. It is included here for context only.

YGLP for Industrial Chemicals, Kikyoku {Basic Industries
Bureau] Dispatch 85, Ministry of International Trade
and Industrty (MITI), and Kanpogyo {Planning and
Coordination Bureau] Dispatch 39, Environmental
Agency, Tokyo, Japan, 31 March 1984

[Delete Tables 1 and 2 in Standard 34-2004 and replace
them with Tables 1 and 2 on the following pages. In the
replacement tables, the following columns have been
deleted (Modular Mass, Normal Boiling Point, and Azeo-
tropic Temperature) and new columns with RCL values
have been added. The footnotes in Standard 34-2004 have
been deleted and replaced by the new footnotes of the
replacement tables. The only other change is that two spe-
cific compositions are shown for Zeotrope 400 (50.0/50.0
and 60.0/40.0). Note that values shown in the Composition
Tolerance column of Table 2 in Standard 34-2000 have

been moved to footnotes to the table in this addendum.]
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Refrigerant Data and Safety Classifications

TABLE 1

RCL*
Refrigerant Chemical Safety
Number Chemical Name®? Formula® Group  (ppm v/v) (g/m’)  (b/Mch)

Methane Series

1 trichiorofluoromethane CClsF A1l 1100 6.2 0.39
12 dichlorodifluocromethane CCloF, A1 18000 90 5.6
12B1 bromochlorodifiluoromethane CBrCiF,

13 chlorotrifluoromethane CCiF3 Al

13B1 bromotrifluoromethane CBrF; Al

144 tetrafluoromethane (carbon tetrafluoride) CF, Al 69000 250 16
21 dichlorofluoromethane CHCILF B1

22 chlorodifluoromethane CHCIF, Al 25000 89 5.5
23 trifluoromethane CHF3 Al 41000 120 7.3
30 dichloromethane {(methylene chioride} CH,Cl, B2

31 chlorofluoromethane CH,CIF

32 difluoromethane (methylene fluoride} CHyF, A2 32000 68 4.2
40 chloromethane (methy! chiloride) CH4ClI B2

41 fluoromethane (methy! fluoride) CHgF

50 methane CH, A3

Ethane Series

113 1,1,2-trichloro-1,2,2-trifluoroethane CCI,FCCIF, A1 2600 20 1.2
114 1,2-dichloro-1,1,2,2-tetrafluoroethane CCIF,CCIF, A1 20000 140 8.7
1159 chloropentafluoroethane CCIF,CF3 Al 68000 440 27
116 hexafluoroethane CF3CF3 A1l 69000 390 24
123 2,2-dichloro-1,1,1-trifluoroethane CHCI,CF3 B1 9100 57 35
124 2-chloro-1,1,1,2-tetrafluoroethane CHCIFCF3 Al 10000 56 35
125 pentafluoroethane CHF,CF3 A1 69000 340 21
134a 1,1,1,2-tetrafluoroethane CH,FCF3 A1 50000 210 13
141b 1,1-dichioro-1-fluoroethane CH3CCIF 2600 12 0.78
142b 1-chioro-1,1-difluoroethane CH3CCIF, A2 15000 62 3.9
143a 1,1,1-trifluoroethane CH3CF3 A2 18000 60 3.8
152a 1,1-difluoroethane CH3CHF, A2 9300 25 1.6
1704 ethane CH5CH3 A3 7000 8.7 0.54
Ethers

E170 dimethyl! ether CH30OCH3 A3

Propane Series

218 octafluoropropane CF3CF,CF3 Al 69000 530 33
236fa 1,1,1,3,3,3-hexafluoropropane CF3CH,CF3 A1 55000 340 21
245fa 1,1,1,3,3-pentafluoropropane CHF,CH,CF3 B1 34000 190 12
290 propane CH3CH,CH3 A3 5000 8.0 0.56

ANSI/ASHRAE Addendum u to ANSI/ASHRAE Standard 34-2004
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TABLE 1

(continued)

Refrigerant Data and Safety Classifications

RCL®
Refrigerant Chemical Safety
Number Chemical Name®P Formula® Group (ppm v/v) (glm"') (Ib/Mcf)
Cyclic Organic Compounds
c3189 octafluorocyclobutane «(CFp)s Al 69000 570 35
See Table 2 for Blends
Miscellaneous Organic Compounds
hydrocarbons
600 butane CH3;CH,CH5CH3 A3
600a isobutane CH(CH3),CH3 A3 2500 6.0 0.37
oxygen compounds
610 ethyl ether CH3CH;OCH,CH3
611 methyl formate HCOOCHS; B2
sulfur compounds
6209 {Reserved for future assignment)
Nitrogen Compounds
630 methyl amine CH3NH,
631 ethyl amine CH3CH3(NH>)
Inorganic Compounds
702 hydrogen Hy A3
704 helium He A1
717 ammonia NH; B2 320 0.22 0.014
718 water H,O A1l
720 neon Ne Al
728 nitrogen No Al
732 oxygen O,
740 argon Ar Al
744 carbon dioxide CO, Al 40000 72 45
744A nitrous oxide N,O
764 sulfur dioxide S0, B1
Unsaturated Organic Compounds
1150 ethene (ethylene) CH,=CH, A3
12709 propene (propylene) CH4CH=CH, A3

# The chemical name and chemical formula are not part of this standard.
® The preferred chemical name is followed by the popular name in parentheses.
€1.M. Calm, “Toxicity Data to Determine Refrigerant Concentration Limits,” report DOE/CE/23810-110, Air-Conditioning and Refrigeration Technology lnstitute (ARTI) Alington,

VA, USA, September 2000 (and references therein).

4 The RCL values for these refrigerants are provisional based on data found in searches for other refrigerants, but not fully examined.

28
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Data and Safety Classifications for Refrigerant Blends

TABLE 2

RCL?
Refrigerant Composition (Mass %) Safety
Number Group (ppmv/v) (g/m’) (ib/Mcf)
Zeotropes

400 R-12/114 {must be specified) Al
(50.0/50.0) Al 28000 160 10
(60.0/40.0) Al 26000 150 9.3
401A R-22/152a/124 (53.0/13.0/34.0)° A1 20000 77 4.8
401B R-22/152a/124 (61.0/11.0/28.0)¢ A1 21000 79 49
401C R-22/152a/124 (33.0/15.0/52.0)¢ A1l 17000 71 44
402A R-125/290/22 (60.0/2.0/38.0)° Al 38000 160 10
402B R-125/290/22 (38.0/2.0/60.0)f A1l 32000 120 7.8
403A R-290/22/218 (5.0/75.0/20.0)9 A1l 29000 110 6.9
403B R-290/22/218 (5.0/56.0/39.0)9 Al 34000 140 8.9
404A R-125/143a/134a (44.0/52.0/4.0) Al 69000 280 17
405A! R-22/152a/142b/C318 (45.0/7.0/5.5/42.5)" 32000 150 9.2
406A R-22/600a/142b (55.0/4.0/41.0)} A2 25000 92 57
407A R-32/125/134a (20.0/40.0/40.0)° Al 69000 260 16
4078B R-32/125/134a (10.0/70.0/20.0)° Al 69000 290 18
407C R-32/125/134a (23.0/25.0/52.0)° A1l 69000 240 15
407D R-32/125/134a (15.0/15.0/70.0)° At 65000 240 15
407E R-32/125/134a (25.0/15.0/60.0)" Al 69000 240 15
408A R-125/143a/22 (7.0/46.0/47.0)f A1l 47000 170 10
409A R-22/124/142b (60.0/25.0/15.0) Al 20000 79 4.9
409B R-22/124/142b (65.0/25.0/10.0)¥ Al 20000 78 4.9
410A R-32/125 (50.0/50.0)} A1 55000 160 10
410B R-32/125 (45.0/55.0)" Al 58000 180 11
411AY R-1270/22/152a (1.5/87.5/11.0)™ A2 26000 86 54
411BY R-1270/22/152a (3.0/94.0/3.0)™ A2 23000 80 5.0
412A R-22/218/142b (70.0/5.0/25.0)% A2 26000 97 6.0
413A R-218/134a/600a (9.0/88.0/3.0)3 A2 45000 210 13
414A R-22/124/600a/142b (51.0/28.5/4.0/16.5)° Al 19000 76 48
414B R-22/124/600a/142b (50.0/39.0/1.5/9.5)° Al 18000 73 4.5

415A R-22/152a (82.0/18.0)" A2

4158 R-22/152a (25.0/75.0)" A2
416AM R-134a/124/600 (59.0/39.5/1.5)" Al 21000 96 6.0
417AM R-125/134a/600 (46.6/50.0/3.4)¥ Al 45000 200 12

418A R-290/22/152a (1.5/96.0/2.5)* A2

418A R-125/134a/E170 (77.0/18.0/4.0)Y A2

420A R-134a/142b (88.0/12.0)* A1
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TABLE 2 (continued)
Data and Safety Classifications for Refrigerant Blends

RCL?
Refrigerant Composition (Mass %) Safety
Number Group (ppmviv) (g/m’) (ib/Mcf)
Azeotropes®

500 R-12/152a (73.8/26.2) A1 29000 120 74
501 R-22/12 (75.0/25.0)° Al 27000 100 6.4
502 R-22/115 (48.8/51.2) A1 35000 160 10
503 R-23/13 (40.1/59.9)

504! R-32/115 (48.2/51.8) 41000 130 8.4
505 R-12/31 (78.0/22.0)¢

506 R-31/114 (55.1/44.9)

507AY R-125/143a {50.0/50.0) At 69000 280 17
508A9 R-23/116 (39.0/61.0) Al 55000 220 14
5088 R-23/116 (46.0/54.0) Al 52000 200 13
500A9 R-22/218 {44.0/56.0) Al 38000 190 12

®J.M. Calm, “Toxicity Data to Determine Refrigerant Concentration Limits,” report DOE/CE/23810-110, Air-Conditionin g and Refrigeration Technology Institute (ARTI) Arlington,
VA, USA, September 2000 (and references therein).

l’Azeotrﬁ)pic refrigerants exhibit some segregation of components at conditions of temperature and pressure other than those at which they were formulated. The extent of segregation
depends on the particular azeotrope and hardware system configuration.

© The exact composition of this azeotrope is in question, and additional experimental studies are needed.

9R-507, R-508, and R-509 are allowed alternative designations for R-507A, R-508A, and R-509A due to 2 change in designations after assig; of R-500 through R-509. Corre-
sponding changes were not made for R-500 through R-506.

¢ Composition tolerances are (+2.0/+0.5, -1.5/+1.0).

f Composition tolerances are (+2.0/+1 0/42.0).

& Composition tolerances are (+0.2, -2.0/+2.0/+2.0).

?’Composition tolerances for the individual components are (+2.0/41.0/+1.0/42.0) and for the sum of R-152a and R-142b are (+0.0, -2.0).

! Composition tolerances are (+2.0/4+1.0/+1.0).

k Composition tolerances are (+2.0/42.0/4+1.0).

ICompctsition tolerances are (+0.5, -1.5/+1.5, -0.5).

™ Composition tolerances are (+0.0, -1.0/+2.0, -0.0/+0.0, -1.0).

" Composition tolerances are (+1.0/+1.0).

° Composition tolerances are (+2.0/+2.0/42.0).

9 Composition tolerances are {+1.0/42.0/+0.0,-1.0).

f Composition tolerances are (+2.0/42.0/42.0).

* Composition tolerances are (+2.0/42.0/40.5/+0.5, -1.0).

!The RCL values for these refrigerants are provisional based on data found in searches for other refrigerants, but not fully examined.

Y The RCL values for these refrigerant blends are approximated in the absence of adequate data for a component comprising less than 4% m/m of the blend and expected to have only
a small influence in an acute, accidental release.

¥ Composition tolerances are (+0.5,~1.0/4+1.0,~0.5/+1.0,-0.2).

¥ Composition tolerances are {1.1/41.0/+0.1,-0.4),

* Composition tolerances are (£0.5/:1.0/£0.5),

Y Composition tolerances are (+1.0/+1.0/t1.0).

2 Composition tolerances are (+1.0,~0.0/+0.0,-1.0).
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(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 ANSL)

APPENDIX
18-MONTH SUPPLEMENT
ADDENDA TO ANSI/ASHRAE STANDARD 34-2004

This supplement includes Addenda a, b, ¢, e,f; k, n, 0, p, 9, 1, 5, and u to ANSVASHRAE Standard 34-2004. The following
table lists each addendum and describes the way in which the standard is affected by the change. It also lists the ASHRAE and
ANSI approval dates for each addendum.

ASHRAE
Section(s) Approval ANSI
Addendum Affected Description of Changes® (StdC/BOD) Approval
Adds a designation of R-422B to the blend R-125/134a/600a (55.0/42.0/3.0) with toler- ~ 1/21/06
34a Table 2 ances of (£1.0/ £1.0/+0.1,-0.5) and a safety classification of Al. 1/26/06 4/10/06
Adds a designation of R-422C to the blend R-125/134a/600a (82.0/15.0/3.0) with toler-  1/21/06
b Tblel ces of (+1.0/£1.0/40.1,-0.5) and a safety classification of Al 12606 V106
Adds a designation of R-423A to the blend R-134a/227ea (52.5/47.5) with tolerances of ~ 1/21/06
34c Table 2 (%1.0/£1.0) and a safety classification of Al. 1/26/06 4/10/06
Adds a designation of R-424A to the blend R-125/1342/6002/600/601a (50.5/47.0/0.9/ 1/21/06
34e Table 2  1.0/0.6) with tolerances of (+1.0/ £1.0/+0.1,-0.2/40.1,-0.2/+0.1,-0.2) and a safety clas- 4/10/06
e 1/26/06
sification of Al.
345 Table 2 Adds a designation of R-425A to the blend R-32/134a/227¢a (18.5/69.5/12.0) with tol- 1/21/06 4/10/06
erances of (30.5/ +0.5/20.5) and a safety classification of Al. 1/26/06
34K Table 1 Adds a designation of R-601 for pentane (no safety classification) and a designation of  6/25/05 711405
R-601a for isopentane with a safety classification of A3. 6/30/05
34n Section 4.5 Provides general guidance for numbering of C4-C8 alkanes. :Zggg 4/10/06
340 Table 2 Add§ a designation of R421A to the blend R-125/134a (58.0/42.0) and a safety classi- 10/3/04 2/10/05
fication of Al. 2/10/05
34p Several Rev1§es tlfe refngerant flammability classification and specifies the flammability and 6/25/05 7128105
fractionation testing procedures. 6/30/05
34 Table 2 Adds a designation of R-422A to the blend R-125/134a/600a (85.1/11.5/3.4) with toler-  6/25/05 71/05
q ances of (£1.0/ £1.0/+0.1, -0.4) and a safety classification of Al. 6/30/05
Adds a designation of R-421B to the blend R-125/134a (85.0/15.0) with tolerances of 6/25/06
34r Table 2 (£1.0/£1.0) and a safety classification of Al. 6/30/05 705
Adds a designation for R-227ea for 1,1,1,2,3,3,3-heptafluoropropane and a safety clas- 6/25/05
s Tablel g ation of Al 630005 V05
Sections 3
344 and 7,  Adds a new section to specify the criteria to determine recommended “Refrigerant Con~  10/3/04 4/21/06
Tables 1  centration Limits (RCL)” in occupied spaces and adds RCL values to Tables 1 and 2. 2/10/05
and 2
ANSIASHRAE Addenda to ANSI/ASHRAE Standard 34-2004 31
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POLICY STATEMENT DEFINING ASHRAE’S CONCERN
FOR THE ENVIRONMENTAL IMPACT OF ITS ACTIVITIES

ASHRAE is concerned with the impact of its members’ activities on both the indoor and outdoor environment. ASHRAE’s
members will strive to minimize any possible deleterious effect on the indoor and outdoor environment of the systems and
components in their responsibility while maximizing the beneficial effects these systems provide, consistent with accepted
standards and the practical state of the art.

ASHRAE's short-range goal is to ensure that the systems and components within its scope do not impact the indoor and
outdoor environment to a greater extent than specified by the standards and guidelines as established by itself and other
responsible bodies.

As an ongoing goal, ASHRAE will, through its Standards Committee and extensive technical committee structure,
continue to generate up-to-date standards and guidelines where appropriate and adopt, recommend, and promote those new
and revised standards developed by other responsible organizations.

Through its Handbook, appropriate chapters will contain up-to-date standards and design considerations as the material is
systematically revised.

ASHRAE will take the lead with respect to dissemination of environmental information of its primary interest and will seek
out and disseminate information from other responsible organizations that is pertinent, as guides to updating standards and
guidelines.

The effects of the design and selection of equipment and systems will be considered within the scope of the system’s
intended use and expected misuse. The disposal of hazardous materials, if any, will also be considered.

ASHRAE'’s primary concern for environmental impact will be at the site where equipment within ASHRAE's scope
operates. However, energy source selection and the possible environmental impact due to the energy source and energy
transportation will be considered where possible. Recommendations concerning energy source selection should be made by
its members.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re Application of: Docket No.: 821920-1030
PONDER, K., et al,, Confirmation No.: 1006
Serial No.: 10/937,736 Group Art Unit: 1751
Filing Date; September 8, 2004 Examiner: John R. Hardee

For.  Refrigerant with Lubricating Oil for Replacement of R-22 Refrigerant
DECLARATION OF ANDY GBUR

I, Andy Gbur, hereby declare as follows:

1. 1 am the Director of Operations for Intertek, ETL SEMKO Division.

2, My duties at Intertek include financial and technical oversight of the
Refrigeration Chemistry laboratory.

3. My educational background includes B.S. in Chemistry from the Ohio
State University

4, My work experience prior to joining Intertek includes | have been
employed with Intertek (Integral Sciences) for the last 15 yrs since graduation.

5, I reviewed the published version of the above-identified patent
application, U.S. 2005 0082510, and in particular, Figures 1 and 2, the text appearing in
sections [0054-0057] and Table 2 appearing in the publication and noticed an obvious
error in the application. The error relates to the description and labeling of the Pressure
vs. Temperature profiles in Figure 1, the Temperature vs. Enthalpy profiles in Figure 2,
and the related text appearing In paragraphs [0054-0057]. it is obvious to me that Figure
1 shows Pressure (liquid) vs. Temperature profiles for blends of 40/60, 45/55 and 42/58
of tetrafluoroethane and pentafiuoroethane, respectively. It is also cbvious to me that
Figure 2 shows Temperature vs. Enthalpy profiles comparing a blend of 40/60

tetrafluoroethane and pentafluoroethane to R-22, Likewise, it is obvious to me that the
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data in the middle three columns in Table 2 for P(60/40) is for 0% pentafluoroethane
and 40% tetrafluoroethane, for P(58-42) is for 58% pentafluoroethane and 42%
tetrafluoroethane, and for P(55-45) is for 55% pentafiuoroethane and 45%
tetrafluoroethane.

6. Based on my background and experience, It is my opinion that others
skilled in the art of refrigerant compositions would alsc recognize these obvious errors in
Figures 1 and 2, and in paragraphs [0054-0057] and how the descriptions and text
should read. It is alsc my opinion that one skilled in the art of refrigerant compositions
would recognize that the heading P(60-40) in Table 2 represents 60% pentafluroethane
and 40% tetrafluorosthane, the heading P(58-42) represents 58% pentafluoroethane
and 42% tetrafluoroethane, and the heading P(55-45) represents 55%
pentafiuoroethane and 45% tetrafluoroethane.

7. With reference to Figure 1, for example, it is my opinion that one skilled in
the art of refrigerant compositions would recognize that as the concentration of
pentafiucroethane drops in a composition of pentafiucroethane and tetrafluorocethane,
the Pressure vs. Temperature profile curve would likewise drop because one skilled in
the art would recognize that lowering the concentration of pentafluoroethane in such a
composition would generally cause the vapor pressure of the composition at a given
temperature to decrease as the amount of pentafluoroethane is decreased and not
increase. Thus one skilled in the art of refrigerant compositions would recognize that the
top curve in Figure 1 represents the Pressure vs. Temperature profile for a composition
of pentafiuoroethane and tetrafluorosthane having 60% pentafluoroethane, the next
curve down would represent the profile for such a composition having 58%
pentafluoroethane, and the third curve down would represent the profile for such a
composition having 55% pentafluoroethane, és represented by the key in Figure 1.

Likewise one skilled in the art would recognize that the Pressure vs. Temperature data
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the middle three columns In Table 2 reflects a 60% pentafluorosthane composition in the
left column of the three columns, labeled P(60-40), decreasing to 58%
pentafluoroethane and then to 55% pentafluoroethane in the right column of the three
columns consistent with the drop in pressures in the columns from left to right.

| hereby declare that all statements made herein of my own knowledge are true
and that all statements made on information and bellef are believed to be true; and
further that these statements were made with the knowledge that willful false statements
and the like so made are punishable by fine or imprisonment, or both, under Section
1001 of Title 18 of the United States Code, and that such willful false statements may

jeopardize the validity of this patent.

Respectiully submitted,

Date: 4 /707 /4{4 Ao

Andy Gbur®
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Serial No.: 10/937,736
Docket No.: 821920-1030

RELATED PROCEEDINGS APPENDIX UNDER 37 C.F.R. § 41.37(c){(1}{x)

None.
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Docket No. (Optional):
NOTICE OF APPEAL FROM THE EXAMINER TO 821920-1030
THE BOARD OF PATENT APPEALS AND INTERFERENCES

In re Application of
| hereby certify that this correspondence is being transmitted via

EFS on Kenneth Ponder, et al.
December 9, 2008 Application Number Filed
10/937,736 09/08/2004
DATE
For
Jakb) Refrigerant with Lubricating Qil for Replacement of R-
a

Signature — 2ngela Kay Brathwaite 22 Refrigerant
Group Art Unit Examiner
1796 John R. Hardee

Applicant hereby appeals to the Board of Patent Appeals and interferences from the last decision of the examiner.
The fee for this Notice of Appea! is (37 CFR 1.17(b) $ 540.00

] Applicant claims small entity status. See 37 CFR 1.27. Therefore, the fee shown aboveis  $255.00
reduced by half, and the resulting fee is:
A check in the amount of the fee is enclosed.

Payment by credit card.

O

The Director has already been authorized to charge fees in this application to a Deposit Account.

I have enclosed a duplicate copy of this sheet.

The Director is hereby authorized to charge any fees which may be required, or credit any overpayment to
Deposit Account No. 200778. .

A petition for an extension of time under 37 CFR 1.136(a) (PTO/SB/22) is enclosed.

X X O

Warning: Information on this form may become public. Credit card information should not be
included on this form. Provide credit card information and authorization on PT0O-2038.

| am the

[] applicant/inventor.
|:] assignee of record of the entire interest.
See 37 CFR 3.71. Statement under 37 CFR
3.73(b)
Is enclosed. (Form PTO/SB/96) l Mv\
}] attorney or agent of record. @ [é/l/!,
Registration No. 29,526 Todd Deveal: -

Attorney or agent acting under 37 CFR 1.34(a).
Registration No. if acting under 37 CFR 1.34(a) December 9, 2008

Date
Note: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit
multiple forms if more than one signature is required, see below*.

| X *Total of 2 forms are submitted.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re Application of: Docket No.: 821920-1030
PONDER, K., et al., Art Unit: 1796

Serial No.: 10/937,736 Examiner: John R. Hardee

Filing Date: September 8, 2004 Confirmation No.: 1006

For:  Refrigerant with Lubricating Oil for Replacement of R-22 Refrigerant

STATEMENT OF SUBSTANCE OF INTERVIEW

Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

Sir:

This statement is timely submitted in response to the telephonic voicemail received 8
December 2008. Applicants wish to thank the Examiner for the telephonic voicemail. In the
voicemail, Examiner Hardee acknowledged Applicants’ submission of good and sufficient reasons
as to why the declaration was not earlier presented [37 CFR 41.33(d)(1)] , filed 3 November
2008. Examiner Hardee agreed to enter the declaration of Kenneth M. Ponder, filed September
18, 2008, in order to place the application in better condition for appeal. Also, Examiner Hardee
indicated that while he would enter the Declaration, he did not believe it placed the present
application in condition for aliowance.

Applicants elected to proceed by submitting an Appeal that is now being submitted.

Respecitfully Submitted,

THOMAS, KAYDEN, HORSTEMEYER
&RISLEY .L.P.

By rdulxt/mw

Tohd Deveau, Reg. No. 29,526

600 Galleria Parkway, Suite 1500
Atlanta, Georgia 30339
(770) 933-9500
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PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a)

(Fees pursuant to the Consolidated Appropriations acf,

FY 2006

2005 (H.R. 4818).)

Docket No.
821920-1030

Application Number: 10/937,736

Filed: September 8, 2004

For: Refrigerant with Lubricating Oil for Replacement of R-22 Refrigerant

Art Unit: 1796

Examiner: John R. Hardee

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above
identified application.

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below):

OO0XOO

One month (37 CFR 1.17(a)(1))
Two months (37 CFR 1.17(a)(2))
Three months (37 CFR 1.17(a)(3))
Four months (37 CFR 1.17(a)(4))
Five months (37 CFR 1.17(a)(5))

Fees

$130
$490
$1110
$1730
$2350

Small Entit

Fees

$65 $

$245 $

$555 $555.00
$865 $
$1175 $

=

Payment by credit card.

X O O O

A check in the amount of the fee is enclosed.

Applicant claims small entity status. See 37 CFR 1.27

credit any overpayment to Deposit Account No. 200778.

The Director has already been authorized to charge fees in this application to a Deposit Account.

The Commissioner is hereby authorized to charge any deficiencies in fees which may be required, or

WARNING: Information on this form may become public. Credit card information should not be included on this
form. Provide credit card information and authorization on PTO-2038.

| am the

O applicant/inventor.

O

assignee of record of the entire interest. See 37 CFR 3.71.

Statement under 37 CFR 3.73(b) is enclosed (Form PTO/SB/96).

O X

attorney

attorney or agent of record. Registration Number: 29,526

gent under 37 CFR 1.34. Registration number if acting under 37 CFR 1.34:

1//,\)Wcm

Todd Deveau

December 9, 2008

Date

770-933-9500

Telephone Number

The collection of information is required by CFR 1.136(a). The information is required to obtain or retain a benefit by the public which is to file (and by
the USPTO to process) an application. Confidentiality is governed by 35 USC 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 6
minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the
individual case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to
the Chief Information Officer, US Patent and Trademark Office, US Department of Commerce, PO Box 1450, Alexandria, VA 22313-1450. DO NOT
SEND FEES RO COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, PO Box 1450 Alexandria, VA 22313-1450.

Dynatemp EX1007
Page 494 of 665

R03907



Electronic Patent Application Fee Transmittal

Application Number:

10937736

Filing Date:

08-Sep-2004

Title of Invention:

Refrigerant with lubricating oil for replacement of R22 refrigerant

First Named Inventor/Applicant Name:

Kenneth M. Ponder

Filer:

Todd Deveau./Angela Brathwaite

Attorney Docket Number:

821920-1030

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount SuB—S'I's(t;)I in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-interference:
Notice of appeal 1401 1 540 540
Filing a brief in support of an appeal 1402 1 540 540

Post-Allowance-and-Post-Issuance:
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Description Fee Code Quantity Amount Suz-s'l's(tsa)l in
Extension-of-Time:
Extension - 3 months with $0 paid 1253 1 1110 1110
Miscellaneous:
Total in USD ($) 2190
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