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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 alf views and objections be considered, and that an effort be made toward their resolution.” Compliance with this
standard is voluntary unti and uniess a legal jurisdiction makes compliance mandatory through legislation.

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
Committees.

The Manager of Standards of ASHRAE should be contacted for:

a. interpretation of the contents of this Standard,

b. participation in the next review of the Standard,

c. 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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(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-422D to the blend R-125/134a/600a (65.1/31.5/3.4) with tolerances of (+0.9,-1.1/
+1.0/+0.1,-0.4) and a safety classification of Al.

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

Addendum h to ANSI/ASHRAE Standard 34-2004

Add to Table 2 the following entries for R-422D:
TABLE 1 Data and Safety Classifications for Refrigerant Blends

Refrigerant Number Composition (Mass %) Composition Tolerances Safety Group
422D R-125/134a/600a (65.1/31.5/3.4) (+0.9-1.1/£1.0/+0.1,-0.4) Al
BSR/ASHRAE Addendum h to ANSI/ASHRAE Standard 34-2004 1
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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 possibie 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 guideilines 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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That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)}1).
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That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the perscn signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)}(2).

[] See attached certification statement.
Fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

[] None
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A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d} for the
form of the signature.

Signature /todd deveau/ Date (YYYY-MM-DD) 2006-02-12

Name/Print Todd Deveau Registration Number 28526
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public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
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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, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1430, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandenment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, tc a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce}) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the

application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be
disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an application
which became abandoned cr in which the proceedings were terminated and which application is referenced by either a
published application, an application open to public inspections or an issued patent.

9.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Description
FIELD OF INVENTION

[0001] The present invention relates generally to hydrofluorocarbon refrigerant compositions. More specifically, the
present invention relates ta hydrofluorocarbon refrigerant compositions that are soluble in lubricant oils used tradition-
ally with chlorine-containing refrigerants, and are useful as replacements for chlorine-containing refrigerants.

BACKGROUND OF THE INVENTION

[0002] Hydrofluorocarbans ("HFCs") are of particular interest for use as replacements for chlorine-containing refrig-
erants, such as chlorofluorocarbon ("CFC") and hydrochlorofluorocarbon {("HCFC") refrigerants, As used herein, the
term "refrigerant” refers generally to a compound or a composition of compounds which, in a mechanical system, are
compressed and condensed to reject heat into the environment and expanded and evaporated to absorb heat from
the environment. These compounds generally have gaod latent heat of evaporation, good heat transfer coefficients,
good stabhility, little effect on elastomers and plastics used in mechanical equipment, reasanable compression ratias,
good solubility in lubricating oils used to lubricate moving parts, and non-flammability.

[0003] Of particular interest in this application is the refrigerant's solubility and its non-flammability. The HFC refrig-
erant must be soluble in the lubricant over a wide range of operating temperatures to lower the viscosity of the lubricant
and allow it to flow more easily throughout the system. In the absence of such solubility, lubricants tend to become
lodged in the coils of the refrigeration systern evaporator, as well as other parts of the system, and thus reduce the
system efficiency.

[0004] The applicants have come to appreciate that it is particularly advantageous for replacement HFC refrigerants
to be not only saluble in lubricants in general, but to be soluble in the particular types of conventional lubricants used
with CFC refrigerants. As used herein, the term "conventional lubricants'7 refers generally to lubricants which are
known to be relatively soluble and/or miscible with known CFC refrigerants. Examples of commonly used and com-
mercially available conventional lubricants include mineral or hydrocarbon oil, alkyl benzene oil, white or paraffinic oil,
and mixtures of two or more thereof,

[0005] A primary advantage of an HFC replacement refrigerant being soluble in a conventional lubricant is the ability
to continue to use the new refrigerants with such lubricants which tend to be relatively inexpensive and commercially
available. Accordingly, the use of soluble HFC refrigerants with conventional lubricants allows for the formulation of
environmentally-friendly refrigeration systems at a relatively low cost.

[0008] Another advantage of lubricant-soluble HFC refrigerants is their ability to be installed in existing CFC-con-
taining refrigeration systems without the need to remove the lubricant oil fram the system. By leaving the existing
lubricant behind and recharging the system with just refrigerant, significant savings in time and cost can be realized.
[0007] <Countering the desire for lubricant-soluble refrigerants is the need to produce non-flammable compositions.
Applicants have come to appreciate that solubility and flammability are often competing requirements since components
of a composition which tend to increase solubility with lubricants oils also tend to increase the flammability of such
compounds.

[000B] Therefore, there is a need for an HFC refrigerant that is not only sufficiently soluble in conventional lubricants,
but also non-flammable.

DETAILED DESCRIPTION OF THE INVENTION

[0008] The present invention overcomes the aforementioned shortcomings by providing for an HFC refrigerant that
is not only soluble in conventional lubricants, but also has low flammability. Specifically, the applicants have identified
that an HFC refrigerant comprising pentafluoropropane ("R-125"), 1,1,1,2-tetrafluoroethane ("R-134a"), and cyclopen-
tane has unexpectedly high solubility with conventional lubricant ails while also being sufficiently non-flammable for
refrigerant applications.

[0010] One aspect of the present invention is an HFC refrigerant suitable for use with conventional lubricant oils. In
a preferred embodiment, the present refrigerant comprises R-125, R-134a and cyclopentane.

[op11] Another aspect of the present invention is a soluble combination of the refrigerant of the present invention
and a lubricant. In a preferred embodiment, the combination comprises a refrigerant comprising R-125, R-134a and
cyclopentane, and a lubricant selected from the group consisting of mineral oil, alkyl benzene oil, white {paraffinic) oil,
and mixtures of two or more thereof.

[oB12] Yetanotheraspect of the invention is a method of replacing CFCs andfor HCFCs in a refrigerant system while
retaining the lubricant ail in the system. In a preferred embodiment, the method comprises the steps of: {a) removing
the chlorine-containing refrigerant from the refrigeration system while retaining a substantial portion of the lubricant in
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EP 1 295 928 A2

said system; and (b) introducing to said system a composition comprising R-125, R-134a, and cyclopentane.

[0D13] Still other uses for the present HFC refrigerant are within the scope of the invention. Examples of such uses
include use as aerosol propellants, heat transfer media, gaseous dielectrics, fire-extinguishing agents, foam blowing
agents, solvents, and the like,

[0014] Applicants have come to appreciate that many refrigerants comprising R-125 and/or R-134a have limited
solubility--and thus limited use--in conventional lubricants. Although n-pentane has been added previously ta prior art
HFC refrigerants to improve the solubility of such refrigerants in conventional lubricants, applicants have discovered
that the incorporation of cyclopentane into refrigerants comprising R-125 and R-134a produces refrigerants exhibiting
unexpectedly high solubility and an unexpectedly low flammability.

[0015] Surprisingly, applicants have discovered that the use of even minor amounts of cyclopentane in refrigerants
comprising R-125 and R-134a improves drastically the solubility of such refrigerants in conventional lubricants. For
examplc, compositions of the present invention comprising as little as 1.5 weight percent {"wt%"), based on the entire
weight of the composition, have been found to have improved solubilities in conventional lubricants of up to 10 wt%
over R-125/R-134a refrigerants without cyclopentane. This represents an increase in solubility equivalent to six times
the amount of cyclopentane incorparated inta the refrigerant. Such results are unexpected.

[0D18] Accordingly, the present inventian provides refrigerant compositions comprising R-125, R-134a and cyclopen-
tane. Those of skill in the art will recognize that the solubility of the compositions of the present invention in conventional
lubricants will depend on a number of variables including the relative amounts of R-125, R-134a and cyclopentane
used in the refrigerant composition, as well as, the composition of the lubricant. In addition, the solubility of the present
compasitions in canventional fubricants will vary depending an temperature and pressure.

[0217] According to certain preferred embodiments, the compaositions of the present invention have a solubility in
conventional lubricants of at least about 10 wit%, based on the total weight of present composition and lubricant. More
preferably, the present compositions have a solubility of at least about 15 wt%, and even more preferably at least about
20 wi%. In certain especially preferred embodiments, the present compositions have a solubility of about 25 wit%. It
has also been found that the solubility of the refrigerant of the present invention is realized over a wide range of
temperatures and pressures, for example, from about -40°C to about 60 °C and from about 0 psig to about 500 psig.
[0018B] Furthermore, applicants have discovered unexpectedly that the lubricant-soluble compositions of the present
invention are non-flammable. Figure | is a ternary flammability plot for compositions comprising R-125, R-134a and
cyclopentane. The plot depicts graphically the range of flammable and non-flammable compositions comprising R-
125, R-134a and cyclopentane, as measured using the apparatus described in Underwriter Laboratories Refrigerant
Flammability test method 2182. As indicated in Fig. 1, compositions falling to the left of the graphed line are considered
non-flammable, that is, they have a zero flame limit.

[0018] AsillustratedinFig1, various compositions cantaining as much as about 8 wt% are non-flammable. Preferably,
the refrigerant compositions of the present invention fall within the non-flammabile region. According to certain embod-
iments, the refrigerant of the present invention comprises from about 35 to about 80 parts by weight of R-125, from
about 15 to about 60 parts by weight of R-134a, and from about 0.1 to about 5 parts by weight of cyclopentane. In
certain preferred embodiments, the refrigerant comprises from about 47 to about 80 parts by weight of R-125, from
about 17 to about 80 parts by weight of R-134a, and from about 0.1 to about 3 parts by weight of cyclopentane. In
even more preferred embaodiments, the refrigerant comprises from about 48 to about 80 parts by weight of R-125, from
about 18 to about 80 parts by weight of R-134a, and from about 0.1 to about 2 parts by weight of cyclopentane.
According to other embodiments, the presenl refrigerant compositions consisl essentially of R-125, R-134a and cy-
clopentane in various proportions and in the preferred ranges mentioned abave.

[0820] In addition to R-125, R-134a and cyclopentane, the compositions of the invention may also contain additives
such as oxidation resistance and thermal stability enhancers, corrosion inhibitors, metal deactivators, lubricity additives,
viscosity index enhancers, pour and/or floc point depressants, detergents, dispersants, antifoaming agents, anti-wear
agents, extreme pressure resistant additives, and combinations of two or more thereof.

[0D24] Examples of oxidation resistance and thermal stability enhancers suitable for use in the present invention
include, for example: diphenyl-, dinaphthyl-, and phenylnaphthyl-amines, in which the phenyl and naphthyl groups can
be substituted, e.g., N.N'-diphenyl phenylenediamine, p-octyldiphenylamine, p,p-dioctyldiphenylamine, N-phenyl-
1-naphthyl amine, N-phenyl-2-naphthyl amine, N-{p-dodecyl)phenyl-2-naphthyl amine, di-1-naphthylamine, and di-
2-naphthylamine, phenothazines such as N-alkylphenothiazines; imino{bishenzyl); hindered phenols such as 6-{t-
butyl) phenal, 2,6-di~{t-butyl) phenal, 4-methyl-2,6-di-(t-butyl) phenol, 4,4'-methylenebis(2,6-di-{t-butyl} phenal); com-
binations of two or more thereof, and the like,

[0022] Examples of cuprous metal deactivators suitable for use in the present compositions include, for example:
imidazole, benzamidazole, 2-mercaptobenzthiazole, 2,5-dimercaptothiadiazole, salicylidine-propylenediamine, pyra-
zole, benzotriazole, tolutriazole, 2-methylbenzamidazole, 3,5-imethyl pyrazole, and methylene bis-benzotriazole. Ben-
zotriazole derivatives are preferred. Other examples of more general metal deactivators and/or corrosion inhibitors
include organic acids and their esters, metal salts, and anhydrides, e.g., N-oleyl-sarcosine, sorbitan mono-oleate, lead
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naphthenate, dodecenyl-succinic acid and its partial esters and amides, and 4-nonylphenoxy acetic acid; primary,
secondary, and tertiary aliphatic and cycloaliphatic amines and amine salis of arganic and inorganic acids, e.g., oil-
soluble alkylammonium carboxylates; heterocyclic nitrogen containing compounds, e.g., thiadiazoles, substituted im-
idazolines, and oxazolines; quinolines, quinones, and anthraguinones; propyl gallate; barium dinonyl naphthalene sul-
fonate; ester and amide derivatives of alkenyl succinic anhydrides or acids, dithiocarbamates, dithiophosphates; amine
salts of alkyl acid phosphates and their derivatives.

[0023] Examples of suitable lubricity additives include long chain derivatives of fatty acids and natural ails, such as
esters, amines, amides, imidazolines, and borates.

[06024] Examples of suitable viscosity index enhancers include polymethacrylates, copolymers of vinyl pyrrolidone,
as well as, methacrylates, polybutenes, and styrene-acrylate copolymers.

[0025] Examples of suitable pour point and/or floc point depressants include polymethacrylates such as methacr-
ylate-ethylene-vinyl acetate terpolymers; alkylated naphthalene derivatives; and products of Friedel-Crafis catalyzed
condensation of urea with naphthalene or phenois.

[00268] Examples of suitable detergents and/or dispersants include polybutenylsuccinic acid amides; polybutenyl
phosphanic acid derivatives; long chain alkyl substituted aramatic sulfonic acids and their salts; and metal salts of alkyl
sulfides, of alkyl phenols, and of condensation products of alkyl phenals and aldehydes.

[0027] Examples of suitable anti-foam agents include silicone polymers and acrylates.

[0028] Examples of suitable anti-wear and extreme pressure resistance agents include sulfurized fatty acids and
fatty acid esters, such as sulfurized octyl tallate; sulfurized terpenes; sulfurized olefins; organopolysulfides; organo
phosphorus derivatives including amine phosphates, alkyl acid phosphates, dialkyl phosphates, aminedithiophos-
phates, trialkyl and triaryl phospharathionates, trialkyl and triaryl phosphines, and dialkylphosphites, e.g., amine salts
of phosphoric acid monohexyl ester, amine salts of dinonylnaphthalene sulfonate, triphenyl phosphate, tranaphthyl
phosphate, diphenyl cresyl and dicresyl phenyl phosphates, naphthyl diphenyl phosphate, triphenylphosphorothionate;
dithiocarbamates, such as an antimony dialkyl dithiocarbamate; chiorinated and/or fluorinated hydracarbons, and xan-
thates.

[0028] An effective amount of the foregoing additive types is generally in the range from about 0.01 to about 5% for
the antioxidant component, about 0.01 to about 5% for the corrosion inhibitor component, from about 0.001 to about
0.5% for the metal deactivator component, from about 0.5 to about 5% for the lubricity additives, from about 0.01 to
about 2% for each of the viscosity index enhancers and pour and/or floc paint depressants, from about 0.1 to about
5% for each of the detergents and dispersants, from about 0.001 to about 0.1% for anti-foam agents, and from about
0.1 to about 2% for each of the anti-wear and extreme pressure resistance components. All these percentages are by
weight and are based on the total composition. It is to be understood that more or less than the stated amounts of
additives may be more suitable to particular circumstances, and that a single molecular type or a mixture of types may
be used for each type of additive component. As used herein, he term "effective amount® means the amount of each
component which upon combination with the other component or components, resuits in the formation of the present
compositions.

[0030] Many of the aforementioned additives are multifunctional. For example, certain additives may impart both
anti-wear and extreme pressure resistance properties, or function both as a metal deactivator and a corrasion inhibitor.
Cumulatively, all additives preferably do not exceed about 8% by weight, or more preferably do not exceed about 5%
by weight, of the total composition.

[0031] The presenl invention further provides a soluble combination of a refrigerant of the present invention and a
lubricant. Suitable lubricating oils for use in the soluble combination include mineral ail, hydrocarbon oil, alkylbenzene
oil, white or paraffinic oil, and mixtures of two ar more thereof. The lubricating oil is preferably present in an amount of
from about 1 to about 80 weight percent, based on the total weight of the combination. More preferably, the lubricating
oil is present in an amount of from about 10 to about 50 weight percent.

[0032] The compositions of the present invention are suitabie for a wide range of uses and are particularly well suited
for use in refrigeration systems. As used herein the term "refrigeration system” refers generally to any system or ap-
paratus, or any part or portion of such a system or apparatus, which condenses and expands a refrigerant to effect
heat transfer. Such systems typically have a low pressure portion in which the refrigerant is expanded and vaporized,
thereby absorbing heat, and a high pressure portion in which the refrigeranl is compressed and condensed, thereby
expending heat. Examples of such systems include air conditioners, heat pumps, and refrigeratars.

[0B33] According to certain embodiments, the present invention provides a method for recharging a refrigerant sys-
tem that contains a chlorine-containing refrigerant composing the steps of: (a) removing the chlorine-containing refrig-
erant from the refrigeration system; and {b) introducing to said system an HFC refrigerant of the present invention.
[0034] With respect to step {a), it is preferable to perform the removal step in the low pressure portion of the system
to avoid the need for pressure-rated evacuation systems and connectors and to take advantage of the valatility of the
refrigerants (the boiling point of refrigerants are generally under 10°C) and their tendency to escape from the system
if allowed. Low pressure removal of CFC refrigerants may be achieved in any of a number of ways, including, for
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example, by using a refrigerant recovery system (such as that commercially available through Rabinair of Ohio) to
pump chiarine-containing refrigerants in the gaseous state out of the system, or by using a cooled, evacuated refrigerant
container connected to the low pressure portion of a refrigeration system to draw gaseous refrigerant from the system.
To aid in the removal of CFC refrigerant, it may be preferable to use a compressor to pump the refrigerant from the
system to a container. The refrigerant also may be flushed from the system using the replacement HFC refrigerant.
[0D35] Those of skillin the art will recognize that the refrigeration systems used in the methods of the present invention
generally comprise a compressor and an expansion chamber in which both a refrigerant and lubricant are contained
and through which the refrigerant and lubricant can be circulated. In a preferred embodiment, the removal step {a)
comprises removing a chlorine-containing refrigerant from a refrigeration system while leaving a substantial portion of
the lubricant behind. As used herein, the term “substantial portion” refers generally to a quantity of lubricant which is
at least about 50% {by weight) of the quantity of lubricant contained in the refrigeration system prior to removal of the
chlorine-containing refrigerant. Preferably, the substantial portion of lubricant in the system is a quantity of at least
about 70% of the lubricant contained originally in the refrigeration system, and, more preferably, a quantity of at least
about 90%. In circumstances in which it is desirable to leave the existing lubricant behind, it is preferable to exploit the
relatively high volatility of the refrigerant compared to the lubricant {the bailing point of mineral oils are generally over
200 °C), and to evacuate the CFC refrigerant as a gas while the lubricant remains behind in the liquid phase. Thus,
the techniques discussed above Tor removing the refrigerant from system as a vapor are preferred over removing the
refrigerant as a liquid.

[0038] With respect to step (b), any method for introducing the refrigerant composition to a refrigeration system can
be used in the present invention. Again, it is preferable to introduce the HFC refrigerant to the system in the low pressure
portion of the system to avoid the need for high pressure-rated equipment. For example, one method comprises at-
taching a refrigerant container to the low-pressure portion of a refrigeration system and turning on the refrigeration
system compressor to pull the refrigerant into the system. In such embodiments, the refrigerant container may be
placed on a scale such that the amount of refrigerant compasition entering the system can monitored. When a desired
amount of refrigerant compasition has been introduced inta the system, charging is stopped.

[0037] The compositions of the present invention can be used in refrigeration and heat pump applications to produce
cooling and/or heating, via methods well-known in the art. For example, as will be recognized by those of skill in the
art, cooling and heat is traditionally produced by the condensing and evaporating of refrigerant compositions in refrig-
erant/heating systems. Accordingly, the compositions of the present invention may be used to effect heat transfer via
a method comprising the steps of: (a) condensing the refrigerant of the present invention; {b) removing heat from the
refrigerant; (c) evaporating the refrigerant; and {d} adding heat to the refrigerant.

EXAMPLES

[0038] Inordertoillustrate, inanon-limiting manner, the present invention is described in connection with the following
examples of the present compositions.

Example 1

[0038] The following example illustrates the non-flammability characteristics associated with compounds of the
present invention.

The critical flammability ratio (C.F.R.) of compositions comprising R-125, R-134a, and cyclopentane are deter-
mined using the apparatus described in Underwriter Laboratories Refrigerant Flammability test method 2182 at 60°C.
C.F.R. allows determination of the maximum amounts of flammable materials can be added to a mixture before the
mixture itself becomes flammable. Cyclopropane, a flammable material, was added to R-125, R-134 and a mixture of
R-125 and R-134a. The resulting flammability data is reported in Table 1 below. In addition, Figure 1 illustrates graph-
ically the range of flammable and non-flammable compasitions comprising R-125/R-134a and cyclopentane. As indi-
cated, those compositions falling to the left of the plotted line represent the non-flammable compaositions.

Table 1
Temp {*C) | Refrigerant Wt.% Cyclopentane
80 R-134a (94 Bwt. %) 5.2
60 R-125 {81.8wt.%) 8.2
60 R-134a (45.5wl. %)/ 6.8
R-125 {47 7wt.%)
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Example 2

[oo40] The following example illustrates the relatively high solubility of the HFC refrigerant as manifested by improved
lubricant circulation observed in air conditioning systems comprising a composition of the present invention over sys-
tems comprising prior art 407C refrigerants.

[po44] A compasition of the present invention comprising 61.5 wt.% R-125, 35 wt.% R-134a and 3.5 wt.% cyclopen-
tane ("Comp. A"} and an R-407C {a non-azeatropic blend of difluoromethane {R-32), R-125 and R-134a) refrigerant
were prepared. The present composition and R-407C refrigerant were placed in refrigeration machines containing
mineral oil (Copeland blended white oil, commercially available from Copeland as Catalog No. 899-5170-31) and tested
to measure oil return within the systems.

[0042] Testing was performed in a 2 ton air conditioner system setup similar to the unit reported in Report DOE/CE/
23810-71 "Study of Lubricant Circulation in HVAC Systems,” March 1995-April 1996 (author Frank R. Biancardi et. al.;
prepared for Air Conditioning and Refrigeration Technology Institute Under ARTI/MCLR Project No. 665-53100) except
that, instead of equal size risers, three different size risers (3/4", 7/8" and 1 1/8") were used to allow a greater variety
of velacities. Alsa, the ability to pump oil from the campressor sump into the campressar discharge line was added.
Using a hand pump, 80cc of ail from the sump was injected into the compressar discharge line. By abserving the ail
level in the compressor sump versus time, it was noticed that the oil return was considerably faster with the present
composition without any significant effect on capacity or coefficient of performance ("COP"}. The capacity and COP
data are shown in Table 1 below.

Table 1
Composition | Capacity (tons) | COP
R-407C 1.70 2.8
Comp. A 163 28

[0043] Therefore, the ability of the refrigerant of the present invention to increase oil return over R-407C is indicative
of its greater solubility.

Example 3

[0044] The following example also illustrates the relatively higher solubility of compositions of the present invention
as compared to an R-407C refrigerant.

[po045] Three refrigerant compositions were prepared and tested for solubility in mineral ail. The first compasition
("A") was an R-407C refrigerant, the second composition ("B") was comprised of 25 wi% R-134a, 70 wi% R-125, and
5 wi% cyclopentane, and the third composition {"C") was comprised of 35 wi% R-134a, 63 wit% R-125, and 2 wt%
cyclopentane. The solubility of the compositions was tested by mixing the refrigerants with a mineral oil {C3 oil, an oil
available commercially from Calgon Corp. having a viscosity of 32 centistokes at 37 °C) in sealed glass tubes and
observing the concentrations at which two liquid phases appeared. The maximum solubility abserved for each of the
three refrigerants in mineral ail was: A=15 wi%, B=24 wi%, and C=25 wi%.

Example 4

[o048] The following example illustrates the relatively high solubility of the HFC refrigerant as manifested by improved
lubricant circulation observed in heat pump systems comprising a composition of the present invention over systems
comprising prior art R-417A refrigerants.

[o047] Three refrigerants were prepared for use and testing in a heat pump system. The first refrigerant was a com-
pasition of the present invention camprising 83 wt.% R-125,35.5 wt.% R-134a and 1.5 wt.% cyclapentane, the second
was an R-417A (composed of 48.5% R-125, 50.0% R-134a, and 3.5% n-butane) refrigerant, and the third was an R-
22 refrigerant.

[004B] The refrigerants were introduced into a heat pump comprising a compressor manufactured by Copeland Cor-
poration {model number ZR22K3-PFV) and a suction accumulator manufactured by Parker Hannifan (model number
PAS053-8-86C). Evaporator and condenser coils were sized and manufactured to manage the 7kW capacity of the
compressor. Both the suction accumulator and compressor were modified to include sight glasses or tubes to view
inside the accumulator and to determine the oil level in the compressor.

[o048] Tests were run in both heating and cooling modes. All three refrigerants returned typical hydrocarbon mineral
oil ta campressor in the cooling mode at standard air canditioning conditions and in the heating made at high temper-
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ature heating conditions. However at low outdoor temperature heating conditions {at ar below -7°C) the R-417 A mixture
starting accumulating oil and liquid refrigerant in the suction accumulator. Due to the formation of two layers in this
component with the ail-rich layer floating on top of the refrigerant-rich layer, the oil was never in contact with the oil
return hole in the bottom of the suction tube so oil did not get back to the compressor. This was observed by watching
the oil layer grow in the accumulator and the oil level decrease in the compressor sump. The system had to be shutdown
due to the concern of running the compressor without sufficient oil. This behavior was not seen when the system
operated with the cyclopentane mixture ar when running the baseline R-22 tests.

Claims

1. A compasition comprising a refrigerant, said refrigerant comprising at least from about 35 to about 80 parts by
weight of R-125, from about 15 to about 60 parts by weight of R-134a, and from about 0.1 to about 5 parts by
weight of cyclopentane.

2. The composition of claim 1, wherein said refrigerant comprises from about 47 to about 80 parts by weight of R-
125, from about 17 to about 60 parts by weight of R-134a and from about 0.1 to about 3 parts by weight of cy-
clopentane.

3. The composition of claim 2, wherein said refrigerant comprises from about 48 to about 80 parts by weight of R-
125, from about 18 to about B0 parts by weight of R-134a and from about 0.1 to about 2 parts by weight of cy-
clopentane.

4. The compasition of any preceding claim, further comprising an additive selected from the group consisting of
oxidation resistance enhancers, thermal stability enhancers, carrosion inhibitors, metal deactivators, lubricity ad-
ditives, viscosity index enhancers, pour depressants, floc point depressants, detergents, dispersants, antifoaming
agents, anti-wear agents, extreme pressure resistant additives, and combinations of two or more thereof.

5. The compaosition of any preceding claim, further comprising a lubricating oil.

6. The composition of claim 5, wherein said lubricating oil comprises from about 1 to about 60 percent by weight of
the composition.

7. The composition of claim &, wherein said ubricating ail comprises from about 10 to about 50 percent by weight of
the composition.

8. The composition of claim 1, wherein said refrigerant consists essentially of from about 35 to about 80 parts by
weight of R-125, from about 15 to about 60 paris by weight of R-134a, and from about 0.1 to about § parts by
weight of cyclopentane.

9. A method of recharging a refrigeration system comprising the step of:

{a) removing a chiarine-containing refrigerant from said refrigeration system; and
(b) introducing to said system a composition as defined in any preceding claim.

10. A method of recharging a refrigeration system comprising the steps of:

(a) removing a chlorine-containing refrigerant fromthe refrigeration system while retaining a substantial portion
of a lubricant oil in said system; and
(b) introducing to said syslem a composition as defined in any of claims 1 to 8.

11. A method of effecting heat transfer comprising the steps of:

{a) condensing a composition comprising a refrigerant as defined in any of claims 1 to 3;
(b) removing heat from the condensed refrigerant;

{c) evaparating the refrigerant; and

(d) adding heat to the refrigerant during evaporation.
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R 22 REPLACEMENT REFRIGERANT

This invention relates to a refrigerant particularly but not exclusively for air
conditioning systems. The system relates especially to refrigerant compositions which
have no adverse effect on the atmospheric ozone layer and to compositions which can be
added to existing refrigerants which are compatible with lubricants commonly used in
refrigeration and air conditioning systems. The invention also relates to a method of
modifying refrigeration and air conditioning systerns,

Chloroflucrocarbons (CFCs) eg CFC 11 and CFC 12 are stable, of low toxicity
and non-flammable providing low hazard working conditions used in refrigeration and air
conditioning systems., When released they permeate into the stratosphere and attack the
ozone layer which protects the environment from damaging effects of ultraviolet rays. The
Montreal Protocol, an International environmental agreement signed by over 160
countries, mandates the phase-out of CFCs according to an agreed timetable. This now
includes hydrochlorofluorocarbons (HCFCs) which also have an adverse effect on the
ozone layer.

R 22 is a chemical fluid and by far the largest HCFC refrigerant used globally in
refrigeration and air conditioning equipment. R 22 has an Ozone Depletion Potential
(ODP) of approximately 5% of CFC 11. After CFCs have been phased out, the chlorine
content of R 22 will make it the largest ozone depleting substance in volumetric terms. R
22 is also the subject of a phase-out schedule under the Montreal Protocol. R 22 is
prohibited from use in new equipment in some countries.

Any replacement for HCFC 22 must have no ability to deplete ozone. The
compositions of the present invention do not include chlorine atoms and consequently they
will have no deleterious effect on the ozone layer while providing a similar performance as
a working fluid to R 22 in refrigeration apparatus.

Various terms have been used in patent literature to describe refrigerant mixtures,

These may be defined as follows:

Zeotrope: A fluid mixture whose vapour and liquid compositions are different at

a specified temperature.
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Temperature glide: If a zeotropic liquid is distilled at constant pressure its
boiling point will increase. The change in boiling point from the beginning of the
distillation until the point when a liquid phase has just disappeared is called the
temperature glide. A glide is also observed when the saturated vapour of a zeotrope is
condensed at constant pressure.

Azeotrope: A fluid mixture of specified composition whose vapour and liquid
compositions are the same at a specified temperature. Strictly speaking a fluid mixture
which is an azeotrope under for example evaporator conditions, cannot also be an
azeotrope under the condenser conditions. However the refrigeration literature may
describe a mixture as azeotropic provided that it meets the above definition at some
temperature within its working range.

Near-azeotropes: A blend which boils over a small temperature range, that has a
small temperature glide. _

Retrofit refrigerant mixture: A non-chlorine-containing mixture used to replace
completely the original CFC or HCFC refrigerant.

Extender refrigerant mixture: A non-chlorine-containing mixture added during
servicing to the HCFC refrigerant remaining in 2 unit, that is a top up refrigerant to make
good any leakage.

Hermetic compressor: A compressor where the electric motor is in the same
totally welded casing as the compressor. The motor is cooled by the refrigerant vapour
returning to the compressor. The heat gencrated by the motor is removed through the
condenser.

Semi-hermetic compressor: Similar to a hermetic compressor, the major
difference being the casing has a bolted joint which can be opened to enable the motor and
compressor to be serviced.

Open compressor: A compressor which is driven by an external motor via a
drive shaft passing through the compressor casing. The motor heat is dissipated directly to
the environment, not via the condenser. This resuits in a slightly more efficient
performance than a hermetic compressor, but refrigerant leaks can occur at the shaft seal.

Percentages and propertions referred to in this specification are by weight unless
indicated otherwise. Percentages and proportions are selected to total 100%. HFC and
HCFC refrigerant compounds are referred to below by the letter R.
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According to a first aspect of the present invention a refrigerant composition
comprises 1,1,1,2-tetrafluoroethane (R134a), pentafluoro ethane (R 125) and an additive
selected from a saturated hydrocarbon or mixture thereof boiling in the range ~5 to +70°C;
wherein the of weights of R 125 and R 134a are in the ranges:

R 125 50 - 80%

R 134a 50 -20%

‘The compositions may be used as retrofit refrigerant mixtures. The composition
tnay also be used as extenders as discussed below. The compositions may be used in
semi-hermetic and hermetic systems.

The preferred weights of R125 to R 134a are in the ranges:

R 125 60 - 80%
R 134a - 40 - 20%
A more preferred range is:

R 125 60 - 78%
R 134a 40 - 22%
A most preferred range is:

R 125 64 - 76%
R 134a 34 - 24%

These ranges are preferred for hermetic and semi-hermetic systems. The
composition may also be used in an open system. The preferred weights in an open system

are in the ranges:

R 125 57-78%
R 134a 43 - 22%.
A more preferred range is:

R 125 63 -76%
R 134a 33-24%

The proportion of R 125 used in an open system may be up to 10%, preferably 4
to 5 % higher than in a hermetic or semi-hermetic system.

in a first aspect of this invention no other refrigerant may be included in the
mixture. In a second aspect, suitable for use as an R 22 extender, an additional refrigerant
R 32 may be added.
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Preferred hydrocarbons additives are selected from the group consisting of: 2-
methylpropane, 2,2-dimethylpropane, butane, pentane, 2-methylbutane, cyclopentane,
hexane, 2-methylpentane, 3-methylpentane, 2,2-dimethylbutane and methylcyclopentane.
The hydrocarbon additive preferably has a boiling point in the range 20 to 40°C. Use of
n-pentane, cyclopentane, iso-pentane and mixtures thereof is preferred. Use of n-pentane,
isopentane or mixtures thereof is especially preferred. Commercially available saturated
hydrocarbon mixtures are available from cyclopentane commercial grade from Phillips
Petroleum International NV, Norpar ©5 S n-pentane from Exxon Chemical and iso-pentane
Q1111 from Shell Chemicals.

Relative proportions of the pentane and butane components may be selected to
give a total of 0.2 to 5% of the compositions, preferably 2 to 4%, more preferably 3 to 4%.
An amount of pentane, preferably isopentane of 0.2 to 2% may be used together with a
corresponding amount of 4.8 to 3% of butane in a composition containing a total of 5%
hydrocarbon. In compositions with less than 5% hydrocarbon, for example 1% or 4%,
relatively larger ratios of butane : pentane may be employed to minimise hydrocarbon
build-up on leakage. Flammability risks are therefore reduced.

According to a second aspect of the present invention a refrigerant extender
mixture comprises a composition in accordance with the first aspect of this invention.

According to a third aspect of this invention a refrigerant composition comprises
a composition in accordance with the first aspect of this invention together with R 22.
This invention also provides a method of modifying a refrigerator or air conditioning
system incorporating R 22 as refrigerant, the method comprising the step of adding a
composition in accordance with the second aspect of this invention to the refrigerant of the
system.

Positive displacement compressors, that is reciprocating or rotary compressors,
used in refrigeration systems suck in small amounts of lubricant from the crank case which
are gjected with the refrigerant vapour through the exhaust valves. In order to maintain
compressor lubrication this oil must be forced around the circuit by the refrigerant stream
and returned to the crank case. CFC and HCFC refrigerants are miscible with hydrocarbon
oils and hence carry the oils around the circuit. However HFC refrigerants and
hydrocarbon lubricants have low mutual solubilities so effective oil return may not occur.

The problem is particularly acute in evaporators where low temperatures can increase the
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viscosities of oils sufficiently to prevent them being carried along the tube walls. With
CFCs and HCFCs enough refrigerant remains in the oil to reduce the viscosities to enable
oil return to occur.

When using HFCs with hydrocarbon lubricants oil return can be facilitated by
introducing into the system a hydrocarbon fluid having the following properties:

(a) sufficient solubility in the lubricant at the evaporator temperature to
reduce its viscosity; and

(b) sufficient volatility to allow distillation from the hot lubricant in the
compressor crank case.

Hydrocarbons fulfil these requirements.

Refrigerant compositions in accordance with this invention confer several
advantages. R 125 has fire suppressing characteristics. The presence of R125 suppresses
the flammability of the refrigerant mixture. The higher HFC content enables more n-
pentane to be added to the mixture thereby improving the solubility properties of the
mixture with traditional lubricants, for example mineral and alkyl benzene oils.

The present invention may confer a number of benefits in comparison to R 22
including zero ozone depletion, lower discharge temperature, and higher capacity.

The present invention may confer a number of benefits in comparison to the HFC
replacement R407C including superior hydrocarbon oil return, better motor cooling in
hermetic compressors, lower discharge temperature and lower discharge pressure.

The invention is further described by means of examples but not in any limitative

sgnse.

EXAMPLE 1

The performances of five R125/R134a/pentane compositions were evaluated
using standard refrigeration cycle analysis techniques in order to assess their suitability as
retrofit replacements for R22 in hermetic or semi-hermetic systems. The operating
conditions, used for the analyses were chosen as being typical of those conditions that are
found in air conditioning systems. Since the blends were zeotropes the midpoints of their

temperature glides in the evaporator and condenser were chosen to define the temperature
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limits of the cycle. The same temperatures were also used to generate performance data for
R22.

The pentane was present at 4% by weight based on the total weight of the
R125/R134ablend. To simplify the calculation this small amount of pentane was omitted.

The following refrigerant compositions were subjected to cycle analysis:

A composition comprising 44% R125: 56% R134a
A composition comprising 56% R125: 44% R134a
A composition comprising 64% R125: 36% R134a
A composition comprising 76% R125: 24% R134a
A composition comprising 80% R125: 20% R134a

ok Wb

The following cycle conditions were used in the analysis:

COOLING DUTY DELIVERED 10 kW
EVAPORATOR

Midpoint fluid evaporation temperature 7.0°C
Superheating 5.0°C
Suction line pressure drop (in saturated temperature) 1.5°C
CONDENSER

Midpoint fluid condensing temperature 45.0°C
Subcooling 5.0°
Exhaust line pressure drop (in saturated temperature) 1.5°C

LIQUID LINE/SUCTION LINE HEAT EXCHANGER
Efficient 0.3
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COMPRESSOR

Electric motor efficiency 0.85
Compressor isentropic efficiency 0.7
Compressor volumetric efficiency 0.82
PARASITIC POWER

Indoor fan 0.3 kW
Outdoor fan 0.4 kW
Controls 0.1 kW

The results of analysing the performances in an air-conditioning unit using these
operating conditions are shown in Table 1. For comparison the performance of R22 is also
shown.

All compositions have lower exhaust temperatures than R22 and are therefore
superior on this account. However composition 5 is not preferred because the exhaust
pressure is more than 2 bar above that of R22. Composition 1 is unacceptable because the
refrigerant capacity is less than 90% of that of R22. The overall performances of
compositions 2, 3 and 4 meet the criteria set out above and therefore satisfy the

requirements of this invention.

EXAMPLE 2

The performances of five R125/R134a/pentane compositions were evaluated
using standard refrigeration cycle analysis techniques in order to assess their suitability as
retrofit replacements for R22 in open systems. The operating conditions, used for the
analyses were chosen as being typical of those conditions that are found in air-conditioning
systems. Since the blends were zeotropes the midpoints of their temperature glides in the
evaporator and condenser were chosen to define the temperature limits of the cycle. The
same temperatures were also used to generate performance data for R22.

The pentane was present at 4% by weight based on the total weight of the
R125/R134a blend. To simplify the calculation this small amount of pentane was omitted.

The following refrigerant compositions were subjected to cycle analysis:

Dynatemp EX1007
Page 172 of 665

R03585



WO 01/23493 PCT/GB00/03725

-8-

A composition comprising 44% R125: 56% R134a
A composition comprising 56% R125: 44% Rl134a
A composition comprising 64% R1235: 36% R134a
A composition comprising 76% R125: 24% R134a
A composition comprising 80% R125: 20% R134a

N

The following cycle conditions were used in the analysis:

COOLING DUTY 10 kW
EVAPORATOR

Midpoint fluid evaporation temperature 7.0°C
Superheating 50°C
Suction line pressure drop (in saturated temperature) 1.5°C
CONDENSER

Midpeint fluid condensing temperature 45.0°C
Subcooling 50°C
Exhaust line pressure drop (in saturated temperature) 1.5°C

LIQUID LINE/SUCTION LINE HEAT EXCHANGER

Efficiency 0.3
COMPRESSOR

Electric motor c¢fficiency 0.85
Compressor isentropic efficiency 0.7
Compressor volumetric efficiency 0.82
PARASITIC POWER

Indoor fan 0.3 kW
Outdoor fan 0.4 kW
Controls 0.1 kW
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The results of anatysing the performances in an air-conditioning unit using these
operating conditions are shown in Table 2, For comparison the performance of R22 is also
shown,

All compositions have lower exhaust temperatures than R22 and are therefore
superior on this account. However composition 5 is unacceptable because its exhaust
pressure is more than 2 bar above that of R22. Compositions 1 and 2 are unacceptable
because their refrigerant capacities are less than 90% of that of R22. The overall
performances of compositions 3 and 4 meet the criteria set out above and therefore satisfy

the requirements of this invention.
EXAMPLE 3

The performances of five R125/R134a/pentane compositions were evaluated
using standard refrigeration cycle analysis techniques the in order to assess their suitability
as retrofit replacements for R22 in hermetic or semi-hermetic systems not fitted with a
liquid line/suction line heat exchanger. The operating conditions, used for the analyses
were chosen as being typical of those conditions that are found in zir conditioning systems.
Since the blends were zeotropes the midpoints of their temperature glides in the evaporator
and condenser were chosen to define the temperature limits of the cycle. The same
temperatures were also used to generate performance data for R22,

The pentane was present at 4% by weight based on the total weight of the
R125/R134a blend. To simplify the calculation this small amount of pentane was omitted.

The following refrigerant compositions were subjected to cycle analysis:

A composition comprising 44% R125: 56% R134a
A composition comprising 56% R125: 44% R134a
A composition comprising 64% R125: 36% Rl134a
A composition comprising 76% R125: 24% R134a

L

A composition comprising 80% R125: 20% R134a

The following cycle conditions were used in the analysis:
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COOLING DUTY

EVAPORATOR
Midpoint fluid evaporation temperature
Superheating

Suction line pressure drop (in saturated temperate

CONDENSER
Midpoint fluid condensing temperature
Subcooling

Exhaust line pressure drop {in saturated temperature)

COMPRESSOR
Electric motor efficiency
Compressor isentropic efficiency

Compressor volumetric efficiency

PARASITIC POWER
Indoor fan

Qutdoor fan

Controls

PCT/GBO0/03725

10 kW

7.0°C
50°C
1.5°C

45.0°C
50°C
1.5°C

0.85
0.7
0.82

0.47 kW
0.26 kW
0.1 kW

The results from analysing the performances in an air-conditioning unit using

these operating conditions are shown in Table 3. For comparison the performance of R22

is also shown.

All compositions have lower exhaust temperatures than R22 and are therefore

superior on this account. However composition 5 is unacceptable because its exhaust

pressure is more than 2 bar above that of R22. Compositions 1 and 2 are unacceptable

because their refrigerant capacities are less than 90% of that of R22. The overall

performances of compositions 3 and 4 meet the criteria set out above and therefore satisfy

the requirements of this invention.
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EXAMPLE 4

The performances of two R125/R134a/pentane compositions were evaluated
using standard refrigeration cycle analysis techniques in order to assess their suitability as
extenders for R22 in hermetic or semi-hermetic systems. The operating conditions selected
for the analyses are typical of those conditions found in air conditioning systems. Since
the blends were zeotropes the midpoints of their temperature glides in the evaporator and
condenser were chosen to define the temperature limits of the cycle and were also used to
generate the performance of R22 for comparison.

The pentane was present at 4% by weight based on the total weight of the
R125/R134a blend. To simplify the calculation this small amount of pentane was omitted.

The following R22 extender compositions were subjected to cycle analysis:

1. A composition comprising 64% R125: 36% Rl134a.
2. A composition comprising 44% R125: 56% R134a.

To establish the effects on unit performance resulting from successive dilutions of
R22 by the above extenders the cycle was analysed for refrigerant compositions containing
mass fractions of R22 from 1.0 down to 0.0. The results are summarised in Tables 4a and

4b. Key parameters are plotted in Chart 1 with the calculated points connected by smooth

curves.

The following cycle conditions were used in the analysis:
COOLING DUTY 10 kW
EVAPORATOR .
Midpeint fluid evaporation temperature 7.0°C
Superheating 5.0°C
Suction line pressure drop (in saturated temperature) 1.5°C
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CONDENSER

Midpoint fluid condensing temperature 45.0°C
Subcooling 5.0°C
Exhaust line pressure drop (in saturated temperature) 1.5°C
LIQUID LINE

Electric motor efficiency 0.85
Compressor isentropic efficiency 0.7
Compressor volumetric efficiency 0.82
PARASITIC POWER

Indoor fan 0.3 kW
Qutdoor fan 0.4 kW
Controls 0.1kW

All compositions have lower exhaust temperatures than R22 and are therefore
superior on this account.

Composition 1 provides a cooling capacity greater than 90% of that of R22 over
the whole of the dilution range. Blends containing more than 45% R22 have capacities
equal to or better than that of R22. The COP (system) is within 2% of that of R22 over the
whole of the dilution range. This composition therefore meets the requirements of this
invention.

Composition 2 provides a cooling capacity greater than that 90% of R22 for
blends containing down to 20% of R22. Its COP (system) is essentially the same as that of
R22 over the whole of the dilution range. This composition therefore meets the

requirements of this invention for blends containing down to 20% R22.

EXAMPLE 5

An R32/R134a/pentane composition was evaluated using standard refrigeration

cycle analysis techniques to assess its suitability as an extender for R22 in hermetic or
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semi-hermetic systems. The operating conditions selected for the analysis are typical of
those conditions found in air conditioning systems. Since the blend was a zcotrope the
midpoints of its temperature glides in the evaporator and condenser were chosen to define
the temperature limits of the cycle. The same temperatures were also used to generate
performance data for R22.

The pentane was present at 4% by weight based on the total weight of the
R32/R134a blend. To simplify the calculation this small amount of pentane was omitted.

The following R22 extender composition was subjected to cycle analysis:
A composition comprising 44% R125 by weight, 56% by weight R134a.

To establish the effect on unit performance resulting from successive dilutions of
R22 by topping up with the above extender the cycle was analysed for refrigerant
compositions containing mass fractions of R22 from 1.0 down to 0.0. The results are
shown in Table 5 and the results plotted out in Chart 2 with the calculated points
connected by smooth curves.

The following cycle conditions were used in the analysis:

EVAPORATOR

Midpoint fluid evaporation temperature 7.0°C
Superheating 5.0°C
Suction line pressure drop (in saturated temperature) 1.5°C
CONDENSER

Midpeint fluid condensing temperature 45.0°C
Subcooling 5.0°C
Exhaust line pressure drop {in saturated temperature) 1.5°C

LIQUID LINE/SUCTION LINE HEAT EXCHANGER
Efficiency 0.3
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COMPRESSOR

Electric motor efficiency 0.85
Compressor isentropic efficiency 0.7
Compressor volumetric efficiency 0.82
PARASITIC POWER

Indoor fan 03 kW
Qutdoor fan 0.4 kW
Controls 0.1 kW

All blends containing the extender have lower exhaust temperatures than R22 and
therefore meet the requirements of this specification. The COP (system) is essentially
equal to that of R22 over the whole of the dilution range. The cooling capacity of the
refrigerant is not less than 98% of that of R22 over the whole of the dilution range. For
dilutions down to 20% of R22 the capacity is equal to or greater than that of R22. The
exhaust pressure is less than the 0.5 bar above that of R22 over the whole of the dilution
range.

The results of analysing the performance of an air-conditioning unit using these
operating conditions are shown in Table 5.

R32/R134a 30/70 therefore meets the requirements of this invention.

EXAMPLE 6

An R32/R125/R134a/pentane composition was evaluated using standard
refrigeration cycle analysis techniques program to assess its suitability as an extender for
R22 in hermetic or semi-hermetic systems. The operating conditions sclected for the
analysis are typical of those conditions found in air conditioning systems. Since the blend
was a zeotrope the midpoints of its temperature glides in the evaporator and condenser
were chosen to define the temperature limits of the cycle. The same temperatures were also

used to generate performance data for R22.
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The pentane was present at 4% by weight based on the total weight of the
R32/R134a blend.

To simplify the calculation this small amount of pentane was omitted.

The following R22 extender composition was subjected to cycle analysis:

A composition comprising 23% by weight of R 32, 25%R125 by weight and 52%
by weight R134a.

To establish the effect on unit performance resulting from successive dilutions of
R22 by topping up with the above extender the cycle was analysed for refrigerant
compositions containing mass fractions of R22 from 1.0 down to 0.0. The results are
shown in Table 6 and the results plotted out in Chart 3 with the calculated points
connected by smooth curves.

The following cycle conditions were used in the analysis:

EVAPORATOR

Midpoint fluid evaporation temperature 7.0°C
Superheating 5.0°C
Suction line pressure drop (in saturated temperature) 1.5°C
CONDENSER

Midpoint fluid condensing temperature 45.0°C
Subcooling 50°C
Exhaust line pressure drop (in saturated temperature) 1.5°C

LIQUID LINE/SUCTION LINE HEAT EXCHANGER

Efficiency [ 0.3
COMPRESSOR

Electric motor efficiency 0.8
Compressor isentropic efficiency 0.7
Compressor volumetric efficiency 0.82
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PARASITIC POWER

indoor fan 0.3
QOutdoor fan 0.4 kW
Controls 0.1 kW

The results of analysing the performance of an air-conditioning unit using these
operating conditions are shown in Table 6.

All blends containing the extender have lower exhaust temperatures than R22 and
therefore meet the requirements of this specification. The COP (system) is not less than
98% of that of R22 over the whole of the dilution range. The cooling capacity of the
refrigerant is greater than of that of R22 over the whole of the dilution range. The exhaust
pressure is less than the 2.0 bar above that of R22 over the whole of the dilution range.

R32/R134a in the ratic 30/70 therefore meets the requirements of this invention,

EXAMPLE 7

Refrigerant compositions comprising R 125, R 134a and hydrocarbon mixtures in
commercial heat pump applications were assessed using a Comfort Aire model PHEC-60-
1a 5 ton rooftop heat pump with a nominal cooling capacity of 56,000 btu and nominal
heating capacity of 56,000 btu. An oil sight-glass was installed on the hermetic
compressor and temperature sensors were installed on the suction and discharge lines and
on the liquid line. Suction and discharge gauges were also instailed.

The system was operated in both the cooling and heating mode with R 22 and the
following data was recorded: voltage, amperage, suction pressure, suction temperature,
discharge pressure, discharge temperature, liquid line temperature, evaporator temperature,
ambient temperature, oil level and return supply air temperature. The R 22 charge was

recovered and replaced successively with blends 1 to 6 of the following compositions.
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R-1235 R-134a Pentane Isopentane Butane
Blend #1 64% 34% 2%
Blend #2 70% 28% 2%
Blend #3 55% 43% 2%
Blend #4 60.5% 37.5% 2%
Blend #5 45% 52% 1% 2%
Blend #6 55% 42% 1% 2%

It was observed that oil return was similar to R 22 operating levels with all of the

blends employed, indicating that pentane and isopentane/butane additives provided proper

oil return. Some blends required addition of up to 20% refrigerant to prevent icing of the

evaporator. Capacities were found to vary with the composition employed. The energy

consumption was generally lower with all blends. Discharge pressures were slightly
higher on average with blends that exceeded 60.5% R 125 and lower with blends

containing less than 60.5% R 125, The suction pressures and discharge temperatures were

lower with all blends used. The superheat measured at the evaporator outlet was much

higher than R 22 and the temperature difference across the evaporator was generally

greater in the cooling mode and less in the heating mode. It was noted that pentane and

isopentane/butane additives provided the necessary oil return. Blends #3, 5 and 6 provided

the closest similarities to R 22 operational temperatures and pressures.
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CLAIMS
1. A refrigerant composition comprising 1,1,1,2-tetrafluoroethane (R 134a),

pentafluoroethane (R 125) and an additive selected from a saturated hydrocarbon or
mixture thereof boiling in the range —5 to +70°C; wherein the weights of R 125 to R 134a

is in the ranges:

R 125 50 - 80%
R 134a 50 - 20%
2. A refrigerant composition as claimed in claim 1, wherein the weights are

in the ranges:

R 125 60 - 80%

R134a 40 - 20%

3. A refrigerant composition as claimed in claim 2, wherein the weights are
in the ranges:

R 125 60 - 78%

R 134a 40 - 22%

4, A refrigerant composition as claimed in claim 3, wherein the weights are

in the ranges:

R 125 64 - 76%
R 134a 36 - 24%
5. A refrigerant composition as claimed in claim 1, wherein the weights arc

in the ranges:

R 125 57 -78%
R 134a 43 - 22%
6. A refrigerant composition as claimed in claim 5, wherein the weights are

in the ranges:
R 125 63 - 76%
R 134a 37 -24%
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7. A refrigerant composition as claimed in any preceding claim, wherein the
hydrocarbon additive is selected from the group consisting of 2-methylpropane, 2,2-
dimethylpropane, butane, pentane, 2-methylbutane, cyclopentane, hexane, 2-
methylpentane, 3-methylpentane, 2,2-dimethybutane, methylcyclopentane and mixtures
thereof.

8. A refrigerant composition as claimed in any preceding claim, wherein the

hydrocarbon additive has a boiling point in the range 0f 20 to 40°C.

5. A refrigerant composition as claimed in claim 8, wherein the
hydrocarbon additive is selected from: n-pentane, cyclopentane, iso-pentane and mixtures
thereof.

10. A refrigerant composition as claimed in claim 9, wherein the

hydrocarbon additive is n-pentane.

11. A refrigerant composition as claimed in claim 9 or 10, wherein the

additive further comprises butane.

12. A refrigerant compositions as claimed in claim 11, wherein the ratio of

pentane : butane is 1 : 3 to 1 : 8, preferably about 1 : 5.

13. A refrigerant composition as claimed in any preceding claim, wherein the

amount of hydrocarbon additive is from a trace to 10%.

14. A refrigerant composition as claimed in claim 13, wherein the amount of

hydrocarbon additive is 1 to 8%.

15, A refrigerant composition as claimed in claim 14, wherein the amount of

hydrocarbon additive is 2 to 4%.
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16. A refrigerant composition as claimed in any of claims 1 to 15 together

with a proportion of R 22.

17. A refrigerant extender mixture comprising a refrigerant composition as

claimed in any preceding claim.

18. A method of modifying a refrigerator or air conditioning system which
incorporates R 22 as refrigerant, the method comprising the step of adding a refrigerant

extender as claimed in claim 17 to the refrigerant of the system.

19. Use of a refrigerant composition as an extender to R 22, wherein the
hydrofluorocarbon component comprises R 32, R 125 and R 134a wherein the ratio of
weights of R 32, R 125 and R 134a are in the ranges:

R 32 18 - 28%
R 125 20 -30%
R 134a 42 - 62%
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' 8/11
TABLE 7
COMMERCIAL ROOF TOF HEAT PUMP § TON
' R-22 BLEND i | BLEND 3 | BLEND 4 | BLEND & | BLEND & | BLEND 7 |

W% COMPOSTTION 6473472 TO/ 2872 KL75ETS) 60537572 | 451527112 | 5504371172
COULING MODE
ADDITIONAL REFR. REQ'D S KO IKG NONE TRG NONE NONE
SUCTION PRESSURE 448 EX] 337 3.03 343 2.69 31

SUGTION TEMPERATURE 18 22 19.4 Z7 20 27 21.7

"DESCHARGE PRESSURE 13.1 13.5 13.17 1268 12.42 11.25 1242
DISCHARQGE TEMP. (1] |0 73 81 72 76 76

LIQ. LINE TEMP. 31 25 26 32 36 26 26
AMBIENT TEMPERATURE | 22 4 217 26 212 22 2
OIL LEVEL 108CM | 102CM | 10.8CM | 10BCM [ 108CM 10.8CM | IDBCM
AMPERAGE 2227 19.56 19.64 17.72 15.06 16.13 17.83
VOLIAGE 200 201 199 200 195 203 200
EVAPORATOR TEMP. 72 39 23 4 5 1.7 23

AIR TEMP. DIFFERENCE 12.2 17.7 16.1 19.7 144 173 T6.1
SUPERHEAT 51 P 19.4 28 20 26 23.3
HEATING MODE

SUCTION PRESSURE 4.82 3.97 39 36 %.69 343 3.72

1 SUCTION TEMP. 23 23 3 26 7] Z3 23

DISCHARGE PRESSURE 20.34 253 5.6 9.3 24 17.94 193
TISCHARGE TEMEF. 120 9% o8 95 94 91 91

LIQ. LINE TEMP. 3372 30 30 327 29 77 26
AMBIENT TEMP. 24.2 4 2.2 35 224 ) 20

OIL LEVEL 108CM | I0BCM | I08CM | IDBCHM | I0BCM 108CM | 10.3CM
AMPERAGE 28,97 28.08 37.63 215 26,72 30.77 22.54
VOLTAGE 198 199 158 199 193 303 159§
EVAPORATOR TEMP. 41 362 6.1 36.1 34 32 31

ATR TEMP. DIEFERENCE . | 11,1 78 78 6.3 7.6 72 7.5
SUPERHIEAT ' NA NA NA NA NA WA NA

PRESSURES ARE IN BARS GAUGE PRESSURE
TEMPERATURES ARE N CELSIUS
ALL READINGS ARE AVERAGES OVER SEVERAL HOURS OF OPERATION
OIL LEVEL MEASURED IN CENTIMETRES :
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Dischargepressurs (har*1043)
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Figure 3: 32/125/134a 23/25/52 as an extender for R22
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