Office de la Propriete Canadian CA 2842336 A1 2013/01/24

Intellectuelle Intellectual Property
du Canada Office (21) 2 842 336
(Lj’,[‘ng[%?rfi“esgaena i mjgtf;‘éyaﬁ; i 12y DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2012/07/05 (51) ClL.Int./Int.Cl. CO9K 5/00 (2006.01),

CO9K 5/04 (2006.01)

(71) Demandeur/Applicant:
HONEYWELL INTERNATIONAL INC., US

(72) Inventeurs/Inventors:

(87) Date publication PCT/PCT Publication Date: 2013/01/24
(85) Entree phase nationale/National Entry: 2014/01/17
(86) N° demande PCT/PCT Application No.: US 2012/045502

(87) N° publication PCT/PCT Publication No.: 2013/012563 YANA MOTTA, SAMUEL F. US:;
(30) Priorités/Priorities: 2011/07/20 (US61/509,845); SPATZ, MARKW., US;
2012/06/22 (US13/530,484) SEETON, CHRISTOPHER J., US

(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : COMPOSITIONS DE TRANSFERT THERMIQUE A FAIBLE PRP CONTENANT DU DIFLUOROMETHANE ET DU 1,3,3,3-
TETRAFLUOROPROPENE

(54) Title: LOW GWP HEAT TRANSFER COMPOSITIONS CONTAINING DIFLUOROMETHANE AND 1,3,3,3-
TETRAFLUOROPROPENE

O Pressure Relief

Polyethylene
Balls over

2
i Sample
Injection

FIG. 1

(57) Abregeé/Abstract:
Heat transfer compositions, methods and use wherelin the composition comprising: (a) from about 5 to about 20% by weight of

HFC-32 and (b) from about 80% to about 95% by weight of HFO-1234ze..

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~

» . _
‘ l an a dH http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C
OPIC - CIPO 191




woO 2013/012563 A3 Il IRFA00A | OO0 A 0O O

CA 02842336 2014-01-17

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

Organization possnS
[nternational Bureau e . o
gy (10) International Publication Number
(43) International Publication Date _.,a/ WO 2013/012563 A3
24 January 2013 (24.01.2013) WIPO I PCT
(51) International Patent Classification: Mark W. [US/US]; Honeywell International Inc., Patent
CO9K 5/04 (2006.01) Services M/S AB/2B, 101 Columbia Road, P. O. Box
(21) International Application Number: 2245, Mon:istown, New Jersey 07962-2245 (UNS). SEE-
PCT/US2012/045507 TON, Chrlstophgr J. [US/US]; Honeywell mtematlonal
INC., Patent Services M/S AB/2B, 101 Columbia Road, P.
(22) International Filing Date: O. Box 2245, Morristown, New Jersey 07962-2245 (US)
5 July 2012 (05.07.2012) 74y Agent: BEATUS, Carrie; Honeywell International INC.,
(25) Filing Language: English Patent Services M/S AB/2B, 101 Columbia Road, P. O.
. Box 2245, Morristown, New Jersey 07962-2245 (US).
(26) Publication Language: English
o (81) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of national protection available): AE, AG, AL, AM,
(71) Applicant (for all designated States except US). HONEY- DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN,
WELL INTERNATIONAL INC. [US/US]; Patent Ser- HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
vices M/S AB/2B, 101 Columbia Road, P. O. Box 2245, 8L, LA, 1L, Lh, LK, Ls, L1, LU, LX, MA, MU, M,
Morristown, New Jersey 07962-2245 (US). MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
(72) Inventors; and SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(75) Imventors/Applicants (for US only): YANA MOTTA, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
Samuel F. [US/US]; Honeywell International Inc., Patent
Services M/S AB/2B, 101 Columbia Road, P. O. Box (84) Designated States (unless otherwise indicated, for every

2245, Morristown, New Jersey 07962-2245 (US). SPATZ,

kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

[Continued on next page]

(54) Title: LOW GWP HEAT TRANSFER COMPOSITIONS CONTAINING DIFLUOROMETHANE AND 1,3,3,3-TETRA-
FLUOROPROPENE

O Pressure Relief

Polyethyiene
Balls over

Injection

FIG. 1

(57) Abstract: Heat transfer compositions, methods
and use wherein the composition comprising: (a)
from about 5 to about 20% by weight of HFC-32
and (b) from about 80% to about 95% by weight of
HFO-1234z¢..



CA 02842336 2014-01-17

wO 2013/012563 A3 |00 FY00 R A0 0 R R

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ, Published:
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

EE. ES. FL FR. GB. GR. HR. HU. IE, IS, IT. LT. LU, with international search report (Art. 21(3))
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, (88) Date of publication of the international search report:
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 13 June 2013

GW, ML, MR, NE, SN, TD, TG).



CA 02842336 2014-01-17
WO 2013/012563 PCT/US2012/045502

LOW GWP HEAT TRANSFER COMPOSITIONS CONTAINING DIFLUOROMETHANE

AND 1,3,3,3-TETRAFLUOROPROPENE

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to U.S. Provisional Patent
Application No. 61/509,84595, filed on July 20, 2011, the contents of which are

iIncorporated herein by reference.

FIELD OF THE INVENTION

[0002] This invention relates to compositions, methods and systems having
utility in numerous applications, including particularly heat transfer systems such as
refrigeration systems. |n preferred aspects, the present invention is directed to
refrigerant compositions particularly well adapted for use in applications in which the
refrigerant 1,1,1,2-tetrafluoroethane (HFC-134a) was previously and frequently used,
Including particularly for heating and/or cooling applications, and to retrofitting
refrigerant and/or air conditioning systems, including systems designed for use with
HFC-134a.

BACKGROUND

[0003] During the course of the past several years, substantial effort has
been devoted to developing more environmentally friendly alternatives to materials
which had previously been frequently used for refrigeration and air conditioning
purposes. During this time, the main refrigerant used for mobile air conditioning (MAC)
systems had been HFC-134a. Although HFC-134a possesses many properties that
make it attractive for use in MAC systems, it has a relatively high global warming
potential (GWP) of about 1430 (100 years).

[0004] The fluorinated olefin HFO-1234yf has emerged after much research
and development effort by the assignee of the present invention as the material of
choice to replace HFC-134a in MAC systems. The emergence of HFO-1234yf as the
next-generation material of choice for MAC systems Is due primarily to its exceptional

abllity to provide a combination of difficult to achieve properties, such as excellent heat
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transfer characteristics, low toxicity, low flammability, and chemical stability, among
other properties. Furthermore, HFO-1234yf is capable of providing this combination of
properties with little or no need to be blended with other materials.

[00035] Prior to and subsequent to the development of HFO-1234yf, much of
the effort directed toward next-generation refrigerants was focused on the development
of heat transfer compositions comprised of a blend or mixture of two or more
components. However, these efforts have thus far been generally less than fully
successful because of a failure to fully realize one or more of the myriad of properties
required for a successful next generation refrigerant.

[0006] The fluorinated olefin 1,3,3,3-tetrafluoropropene (HFO-1234z¢) has
also been identified in an application assigned to the assignee of the present invention
as a next generation refrigerant due to its advantageous combination of properties.

See, for example, WO 2009/089511. However, while this application discloses that
HFO-1234ze Is very attractive as a refrigerant in many applications, it also reveals that it
has a substantially lower capacity relative to HFC-134a than does HFO-1234yf In
certain air conditioning applications when each Is used as the sole refrigerant.

[0007] Fluorinated olefin blends, such as those including HFO-1234yf or
HFO-1234ze, have been suggested for use In a wide variety of applications, including
heat transfer compositions. For example, WO 2009/089511, also discloses blends
comprising as a first component one or more fluorinated olefins according to a particular
structure and a second component selected from a list of compounds comprising
chloroflurocarbons (CFCs), hydrofluorocarbons (HFCs), water and COZ2. However, the
specific combination of components in the particular concentration ranges required by
the present invention are not disclosed, and no particular combination of these
components Is Identified in WO 2009/089511 as having the advantageous and
beneficial properties described herein.

[0008] US Application No. 2010/0044619, which is also assigned to the
assignee of the present invention, also discloses blends comprising fluorinated olefins
for use Iin connection with heat transfer compositions. This application describes blends
comprising as a first component dichloromethane (HFC-32), second component

comprising multi-fluorinated olefins having from 2 to 5 carbon atoms, and optionally a
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third component selected from fluorinated alkanes having to 2 to 3 carbon atoms, CF3l,
and combinations of these. According to this application, the second and/or third
component of the blend Is incorporated for the purpose of acting as of an agent for
reducing the flammabillity of the material relative to HFC-32 alone. Once again,
however, the specific combination of components in the particular concentration ranges
required by the present invention are not disclosed, and no particular combination of
these components is identified in US Application No. 2010/0044619 as having the
advantageous and beneficial properties described herein.

[0009] Although it Is believed that the blends of materials disclosed In the
above-noted applications are generally acceptable for use in heat transfer applications
under certain circumstances, applicants have found that unexpected yet highly
beneficial advantages can be achieved by careful selection of materials within a specific
concentration range for forming a heat transfer composition blend which is at once
capable of achieving highly desirable and unexpected heat transfer properties,
extraordinarily beneficial environmental properties and nonhazardous compositions
from the standpoint of combustion ignition.

[0010] The burning velocity of a material is one measure that has heretofore
been used to assess the hazardousness of the material from a flammability or explosive
nature stand point. Thus it has heretofore been considered in many application that a
material having a burning velocity below a value of 10 (measured as described
hereinafter), I1s not only important or essential for many applications, but also that such a
material would be considered generally a non-hazardous material from a flammability or
explosive nature stand point. In this regard it is noted that HFO-1234ze has a burning
velocity of about O, which is nearly the same as the burning velocity of HFC-32, and
therefore there would be no real advantage or reason to form a combination of these

material according to the above-noted disclosures.

SUMMARY
[0011] Applicants have found that heat transfer compositions having highly
desirable heat transfer properties (including excellent and unexpectedly peak efficiency

(COP)), environmental properties (particularly a GWP of less than about 100) and a low
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level of hazardousness from the stand point of flammability/combustion impact. More
specifically, applicants have found that great but unexpected advantages can be
achieved by the use of compositions comprising HFO-1234ze, preferably transHFO-
1234ze, In amounts of from greater than about 86% to about 95%, and HFC-32 In
amounts of from about 5% to less than about 14% by weight. One unexpected
advantage of the preferred aspects of the present invention is that an unexpectedly high
peak efficiency occurs with HFC-32 concentrations of less than about 14%. This result
IS not predicted using current standard simulation techniques and, at present, applicants
do not have an explanation for the reason for this result. Applicants have also observed,
quite unexpectedly, that the capacity of the compositions tend to not substantially
Increase for HFC-32 concentrations that are greater than about 14% by weight. This Is
also an unexpected advantage, especially In stationary systems insofar as excess
capacity can cause an overload In electric motors, and especially in automotive air
conditioning systems insofar as excess capacity can cause a negative impact on the
avalilable power from the car’'s engine. As used herein unless otherwise indicated,
concentrations and weight percentages are based upon the total amount of HFO-
1234ze and HFC-32 In the non-lubricant components of the composition. In certain
preferred embodiments, the non-lubricant components of the heat transfer composition,
sometimes also referred to herein as the refrigerant, consist essentially of HFO-1234ze
and HFC-32 In the amounts described herein.

[0012] In preferred aspects, the heat transfer compositions, methods, uses
and systems of the present invention comprise or utilize a multi-component mixture
comprising: (a) from about 86% to about 95% by weight of HFO-1234ze, preferably
transHFO-1234ze (also referred to as HFO-1234ze(E)); and (b) from about 5% to less
than about 14% by weight of HFC-32, and (c) optionally minor amounts of other
components to fine-tune one or more of the properties of the heat transfer composition.
Unless otherwise indicated, weight percentages are based upon weight percent based
on the total amount of components (a), (b) and (c) present in the composition.

[0013] In certain, generally less preferred embodiments in which efficiency is
of not such a great concern, the heat transfer compositions, methods, uses and

systems of the present invention comprise or utilize a multi-component composition
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comprising: (a) from about 80% to about 95% by weight of HFO-1234ze, preferably
transHFO-1234ze HFO-1234ze and (b) from about 5% to about 20% by weight of HFC-
32. In such embodiments, as well as in the more preferred embodiments, applicants
have found that the relative amounts of each component (a) and (b) in the composition
IS effective to provide said composition with a GWP (as hereinafter defined) of not
greater than 150, and even more preferably not greater than about 100, while
maintaining an ignition hazard level (as hereinafter defined) of not greater than about 5,
even more preferably not greater than about 2, and even more preferably of about 0. In
such embodiments it Is also generally preferred that the composition has a burning
velocity (as hereinafter defined) of not greater than about 2.

[0014] In certain preferred embodiments, the compositions of the present
Invention have a relative amount of each component (a) — (c) effective to provide said
composition with a capacity relative to HFC-134a under MAC conditions (as hereinafter
defined) of from about 90% to about 105%, and even more preferably from about 95%
to about 101%, and a COP relative to HDC-134a under MAC condition (as hereinafter
defined) for from about 98% to about 102%, more preferably of about 100%.

[0015] In certain preferred embodiments, the compositions of the present
Invention have a relative amount of each component (a) — (c) effective to provide said
composition with a Evaporator Glide (as hereinafter defined) of not greater than about
12 and even more preferably not greater than about 10.

[0016] In certain highly preferred embodiments, the present invention
comprises or utilizes a multi-component composition comprising: (a) HFO-1234ze,
preferably transHFO-1234ze; and (b) HFC-32, with the relative amount of each
component (a) — (b) in the composition being effective to provide said composition with:
(1) a GWP (as hereinafter defined) of not greater than 150, and even more preferably
not greater than about 100; (ii) an ignition hazard level (as hereinafter defined) of not
greater than about 7, even more preferably not greater than about 5, and even more
preferably not greater than about 2; (iil) a capacity relative to HFC-134a under MAC
conditions (as hereinafter defined) of from about 90% to about 105%, and even more
preferably from about 95% to about 101%; (iv) a COP relative to HFC-134a under MAC

condition (as hereinafter defined) for from about 98% to about 102%, more preferably of
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about 100%; and (v) a Evaporator Glide (as hereinafter defined) of not greater than
about 12, and even more preferably not greater than about 10.

[0017] The present invention provides also methods and systems which
utilize the compositions of the present invention, including methods and systems for
heat transfer and for retrofitting existing heat transfer systems. Certain preferred
method aspects of the present invention relate to methods of providing cooling in small
refrigeration systems. Other method aspects of the present invention provide methods
of retrofitting an existing small refrigeration system designed to contain or containing R-
134a refrigerant comprising introducing a composition of the present invention into the
system without substantial engineering modification of said existing refrigeration
system. According to certain highly preferred aspects of the present invention, the
refrigeration system and/or refrigeration methods and/or the refrigerant compositions of
the present invention are directed to mobile air conditioning systems, and even more
preferably automotive air conditioning systems, and even more preferably air-
conditioning systems contained In or used In connection with passenger cars.

[0018] The term HFO-1234ze is used herein generically to refer to 1, 1,1, 3-
tetrafluoropropene, independent of whether it is the cis- or trans- form. The terms
"CIsHFO-1234ze” and "transHFO-1234ze"™ are used herein to describe the cis- and
trans- forms of 1, 1, 1, 3-tetrafluoropropene respectively. The term "HFO-1234z¢”
therefore includes within its scope cisHFO-1234ze, transHFO-1234z¢, and all

combinations and mixtures of these.

BRIEF DESCRIPTION OF THE FIGURES
[0019] FIG. 1 illustrates a schematic depiction of the experimental setup for

testing of tubular heaters.

DETAILED DESCRIPTION OF THE INVENTION
[0020] Small refrigeration systems are important in many applications, as
mentioned above. In such systems, and in automotive air conditioning, one refrigerant
which has been commonly used is HFC-134a, which has an estimated Global Warming

Potential (GWP) of 1430. Applicants have found that the compositions of the present
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Invention satisfy in an exceptional and unexpected way the need for alternatives and/or
replacements for refrigerants in such applications, particularly and preferably HFC-
134a, that at once have lower GWP values and provide non-flammable, non-toxic fluids
that have a close match in cooling capacity and/or efficiency (and preferably both) to
HFC-134a In such systems. Applicants have found that the compositions of the present
Invention satisfy in an exceptional and unexpected way the need for new compositions,
especially for small and medium refrigeration applications, having improved
performance with respect to environmental impact while at the same time providing
other important performance characteristics, such as capacity, efficiency, flammability
and toxicity. In preferred embodiments the present compositions provide alternatives
and/or replacements for refrigerants currently used in these applications, including In
automobile air conditioning, particularly and preferably HFC-1344a, that at once have
lower GWP values and provide a refrigerant composition that has a low degree of

hazardousness, as defined hereinatter.

HEAT TRANSFER COMPOSITIONS

[0021] The compositions of the present invention are generally adaptable for
use In heat transfer applications, that is, as a heating and/or cooling medium, but are
particularly well adapted for use, as mentioned above, in low and medium temperature
refrigeration systems, and in automotive AC systems, that have heretofore used HFC-
134a.

[0022] Applicants have found that use of the components of the present
Invention within the stated ranges Is important to achieving the highly advantageous
combinations of properties exhibited by the present compositions, particularly in the
preferred systems and methods, and that use of these same components but
substantially outside of the identified ranges can have a deleterious effect on one or
more of the important properties of the compositions of the invention.

[0023] As mentioned above, the preferred compositions exhibit a degree of
hazard value of not greater than about 5. As used herein, degree of hazardousness Is
measured by observing the results of a cube test using the composition in question and

applying a value to that test as indicated by the guidelines provided In the following
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HAZARD VALUE GUIDELINE TABLE
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TEST RESULT

HAZARD VALUE RANGE

No ignition. Exemplary of this hazard level
are the pure materials R-134a and
transHFO-1234ze.

Incomplete burning process and little or no
energy imparted to indicator balls and no
substantial pressure rise in the cube (all
balls rise an amount that is barely
observable or not all from the cube holes
and essentially no movement of the cube
observed). Exemplary of this hazard level
IS the pure material HFO-1234vyf, with a

value of 2.

Substantially complete burning process
and low amount of energy imparted to
some of the balls and substantially no
pressure rise in the cube (some balls rise
an observable small distance and return to
the starting position, and essentially no
movement of the cube observed).
Exemplary of this hazard level is the pure

material R-32, with a value of 4.

3-95
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Substantially complete burning process
and substantial amount of energy imparted
to most balls and high pressure rise in the
cube but little or no movement of the cube
(most balls rise an observable distance
and do not return to the top of the cube,
but little or no movement of the cube

observed).

High Hazard Conditions — Rapid burning
and substantial imparted to all balls and
substantial energy imparted to the cube
(substantially all balls rise from the cube
and do not return to the starting position, 3-10
and substantial movement of the cube

observed). Exemplary of this hazard level
are the pure materials R-152a and R-

600a, with values of 8 and 10 respectively.

[0024] The cube test Is conducted as indicated in the Examples below. As
mentioned above, applicants have found that the compositions of the present invention
are capable of achieving a difficult combination of properties, including particularly: low
GWQP; excellent capacity relative to HFC-134a; excellent efficiency relative to HFC-
134a; an evaporator condition glide of less than about 12; and a hazard value of not
greater than 7, and preferably of about 3 or less.

[0025] The refrigerant compositions of the present invention may be
Incorporated into heat transfer compositions which include not only the refrigerant
having the required and optional components for the refrigerant, but which also includes
other components for the purpose of enhancing or providing certain functionality to the
composition, or in some cases to reduce the cost of the composition. For example, heat
transfer compositions according to the present invention, especially those used In vapor

compression systems, include in addition to components (a) — (c¢) as mentioned above,
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but also a lubricant, generally in amounts of from about 30 to about 50 percent by
weight of the composition, based on the total of the refrigerant composition and the
lubricant, and in some cases potentially in amount greater than about 50 percent and
other cases in amounts as low as about 5 percent by weight.

[0026] Commonly used refrigeration lubricants such as Polyol Esters (POEs)
and Poly Alkylene Glycols (PAGs), PAG oills, silicone oll, mineral oll, alkyl benzenes
(ABs) and poly(alpha-olefin) (PAO) that are used In refrigeration machinery with
hydrofluorocarbon (HFC) refrigerants may be used with the refrigerant compositions of
the present invention. Commercially available mineral oils include Witco LP 250
(registered trademark) from Witco, Zerol 300 (registered trademark) from Shrieve
Chemical, Sunisco 3GS from Witco, and Calumet R0O15 from Calumet. Commercially
avallable alkyl benzene lubricants include Zerol 150 (registered trademark).
Commercially available esters include neopentyl glycol dipelargonate, which is available
as Emery 2917 (registered trademark) and Hatcol 2370 (registered trademark). Other
useful esters include phosphate esters, dibasic acid esters, and fluoroesters. |In some
cases, hydrocarbon based olls are have sufficient solubility with the refrigerant that is
comprised of an iodocarbon, the combination of the 1odocarbon and the hydrocarbon oll
might more stable than other types of lubricant. Such combination may therefore be
advantageous. Preferred lubricants include polyalkylene glycols and esters.
Polyalkylene glycols are highly preferred in certain embodiments because they are
currently in use In particular applications such as mobile air-conditioning. Of course,

different mixtures of different types of lubricants may be used.

HEAT TRANSFER METHODS AND SYSTEMS

[0027] The present methods, systems and compositions are thus adaptable
for use In connection with a wide variety of heat transfer systems in general and
refrigeration systems in particular, such as air-conditioning (including both stationary
and mobile air conditioning systems), refrigeration, heat-pump systems, and the like. In
certain preferred embodiments, the compositions of the present invention are used In
refrigeration systems originally designed for use with an HFC refrigerant, such as, for

example, R-134a. The preferred compositions of the present invention tend to exhibit
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many of the desirable characteristics of R-134a but have a GWP that is substantially
lower than that of R-134a while at the same time having a capacity and/or efficiency (as
measured by COP) that is substantially similar to or substantially matches, and
preferably is as high as or higher than R-134a. [n particular, applicants have
recognized that certain preferred embodiments of the present compositions tend to
exhibit relatively low global warming potentials ("GWPs"), preferably less than about
150, and more preferably not greater than about 100, while at the same time achieving
a hazard value of less than about 5, and even more preferably of not greater than about
2.

[0028] As mentioned above, the present invention achieves exceptional
advantage in connection with systems known as low temperature refrigeration systems.
As used herein the term “low temperature refrigeration system™ refers to vapor
compression refrigeration systems which utilize one or more compressors and a
condenser temperature of from about 35°C to about 75°C. In preferred embodiments,
the systems have an evaporator temperature of from about 10°C to about -35°C, with
an evaporator temperature preferably of about -10°C. Moreover, in preferred
embodiments, the systems have a degree of superheat at evaporator outlet of from
about 0°C to about 10°C, with a degree of superheat at evaporator outlet preferably of
from about 4°C to about 6°C. Furthermore, in preferred embodiments of such systems,
the systems have a degree of superheat in the suction line of from about 1°C to about
15°C, with a degree of superheat in the suction line preferably of from about 5°C to
about 10°C.

[0029] Another preferred system of the present invention is referred to herein
as a "automotive AC or MAC systems.” Such systems have an evaporator temperature
of from about 0°C to about 20°C and a CT of from about 30°C to about 95°C.

Moreover, In preferred embodiments of such systems, the systems have a degree of
superheat at evaporator outlet of from about 2°C to about 10°C, with a degree of
superheat at evaporator outlet preferably of from about 4°C to about 7°C. Furthermore,
In preferred embodiments of such systems, the systems have an increase of
temperature in the suction line of from about 0.5°C to about 5°C, with an increase of

temperature in the suction line preferably of from about 1°C to about 3°C.
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[0030] As mentioned above, the present invention also achieves exceptional
advantage In connection with systems known as medium temperature refrigeration
systems. As used herein the term "medium temperature refrigeration system” refers to
vapor compression refrigeration systems which utilize one or more compressors and a
condenser temperature of from about 35°C to about 75°C. In preferred embodiments,
the systems have an evaporator temperature of from about 10°C to about -35°C, with
an evaporator temperature preferably of about -10°C. Moreover, in preferred
embodiments, the systems have a degree of superheat at evaporator outlet of from
about 0°C to about 10°C, with a degree of superheat at evaporator outlet preferably of
from about 4°C to about 6°C. Furthermore, in preferred embodiments, the systems
have a degree of superheat in the suction line of from about 1°C to about 15°C, with a

degree of superheat in the suction line preferably of from about 5°C to about 10°C.

EXAMPLES

[0031] The following examples are provided for the purpose of illustrating the

present invention but without limiting the scope thereof.

COMPOSITIONS TESTED
[0032] The following compositions within the scope of the present invention

are the utilized in the examples which follow:

COMPOSITION | wt% transHFO-
DESIGNATION 1234z¢e W1t% HFC-32
A1 94 o
A2 90 10
A3 36 14
A4 32 18
C1 73 22
C2 74 26

12
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EXAMPLE 1: AUTO AC CONDITIONS - Experimental COP and Capacity

[0033] This example illustrates the COP and capacity performance of
embodiments A1 — A3 of the present invention when used as a replacement for HFC-
134a in a auto AC refrigerant systems. The coefficient of performance (COP) Is a
universally accepted measure of refrigerant performance, especially useful Iin
representing the relative thermodynamic efficiency of a refrigerant in a specific heating
or cooling cycle involving evaporation or condensation of the refrigerant. In refrigeration
engineering, this term expresses the ratio of useful refrigeration to the energy applied by
the compressor in compressing the vapor. The capacity of a refrigerant represents the
amount of cooling or heating It provides and provides some measure of the capability of
a compressor to pump quantities of heat for a given volumetric flow rate of refrigerant.
In other words, given a specific compressor, a refrigerant with a higher capacity will
deliver more cooling or heating power. One means for estimating COP of a refrigerant
at specific operating conditions iIs from the thermodynamic properties of the refrigerant
using standard refrigeration cycle analysis techniques (see for example, R.C. Downing,
FLUOROCARBON REFRIGERANTS HANDBOOK, Chapter 3, Prentice-Hall, 1988).
and tested In accordance with SAE Standard J2765 OCT2008, Issued 2008-10, a copy
of which Is attached hereto and incorporated herein by reference. The results for 145,
L45, M45, H45, 150, 135, L35, M35, H35 and Charge as defined in SAE Standard J2765
OCT2008 are reported below. The testing reported below began at the lower
condenser temperatures but did not produce reportable results at the higher condenser
temperature conditions for HFC-32 concentrations of 14% because of difficulty with
excessive frost formation, which made the system unstable and difficult to acquire
reliable data. Although the condenser temperature conditions described In J2765 are
Important for the design of MAC systems, the substantial and unexpected deterioration
In efficiency at the tested condenser temperatures reported below was sufficient to

establish the unexpected result in efficiency peak described herein.
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OP (KW/KW)
Refrigerant

Test Condition R32 / R1234z¢e R32 / R1234z¢ R32 / R1234z¢

6% / 94% 0% / 90% 4% / 86%
145 .09 27 NA
L45 1.94 1.65 NA
M45 1.40 1.49 NA
H45 1.07 1.17 NA
150 2.02 2.00 1.98
135 2.92 3.11 2.78
L35 2.00 2.16 1.95
M35 1.80 1.88 1.75
H35 1.37 1.44 1.39
Charge 2.05 2.15 2.03
* NA - Not Available

Capacity (KW)
Refrigerant

Test Condition R32 / R1234z¢e R32 / R1234z¢ R32 / R1234z¢

6% / 94% 0% / 90% 4% / 86%
145 40 72 NA
L45 3.30 3.62 NA
M45 3.74 4.12 NA
H45 4.03 4 47 NA
150 2.99 2.74 2.90
135 3.17 3.57 3.56
135 4.39 4.78 4.77
M35 4.98 5.31 5.39
H35 5.43 5.71 5.99
Charge 5.15 5.06 5.68

* NA - Not Available

[0034] As can be seen from the results reported above, COP peaks at an

HFC-32 concentration of above about 10% and below about 14%. This result is

contrary to expectations based on using standard refrigeration cycle analysis predictive

techniques.

EXAMPLE 2: AUTO AC CONDITIONS - GWP and Hazard Value

[0035] By way of non-limiting example, the following Table A illustrates the

substantial GWP superiority and hazard avoidance advantage of certain compositions

of the present invention, which are described In parenthesis in terms of weight fraction
of each component, in comparison to the GWP of HFC-134a, which has a GWP of 1430

and to compositions outside the scope of the present invention (C1 and C2).
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TABLE A
HAZARD
Group H Composition GWP | VALUE BV
cm/s
32+1234ze AT R32/1234ze(E)(0.06/0.94) 46 1 0.4
A2 R32/1234ze(E)(0.1/0.90) 73 2 0.7
A3 R32/1234ze(E)(0.14/0.86) 100 2 0.9
A4 R32/1234ze(E)(0.18/0.82) 126 2 1.2
32+1234ze C1 R32/1234ze(E)(0.22/0.78) 153 2 1.5
C2 R32/1234ze(E)(0.26/0.74) 180 Z 1.7

[0036] Burning velocity (BV) is determined using standard techniques.

[0037] The Hazard Value Is determined as described above using the Cube
Test. The Cube Test is performed pursuant to the procedure described herein.
Specifically, each material being tested Is separately released into a transparent cube
chamber which has an internal volume of 1 ft3. A low power fan is used to mix
components. An electrical spark with enough energy to ignite the test fluids Is used. The
results of all tests are recorded using a video camera. The cube is filled with the
composition being tested so as to ensure a stoichiometric concentration for each
refrigerant tested. The fan is used to mix the components. Effort is made to ignite the
fluid using the spark generator for 1 min. Record the test using HD camcorder

[0038] A schematic of the experimental setup for testing of tubular heaters is

llustrated in Figure 1.
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CLAIMS
What is Claimed is:

1. A heat transfer composition comprising: (a) HFO-1234ze and (b) HFC-32,
the amount of HFC-32 present in the composition being less than about 14% by weight

of the composition and not less than about 5% of the composition.

2. The heat transfer composition of claim 1 wherein said composition has a

GWP of not greater than 150 and/or a hazard value of less than about 7.

3. The heat transfer composition of claim 1 wherein said composition has a
capacity relative to HFC-134a under MAC conditions of from about 95% to about 103%.

4. The heat transfer composition of claim 1 wherein said composition has a
COP relative to HFC134a under MAC conditions of from about 98% to about 102%.

5. The heat transfer composition of claim 1 wherein said composition
comprises from about 90% to about 95% by weight of HFO-1234ze.

0. The heat transfer composition of claim 1 wherein said composition

comprises from about 5% to about 12% by weight of HFC-32.

/. The heat transfer composition of claim 1 wherein said composition
comprises about 94% HFO-1234ze and about 6% HFC-32.

3. The heat transfer composition of claim 1 wherein said composition
comprises about 90% HFO-1234ze and about 10% HFC-32.

9. The heat transfer composition of claim 1 where said composition
comprises about 86% HFO-1234ze and about 14% HFC-32.
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10.  An air conditioning system comprising a heat transfer composition

according to claim 1.

11. A mobile air conditioning system comprising a heat transfer composition

according to claim 1.

12.  An air conditioning system in a passenger car or for the passenger

compartment of a truck comprising a heat transfer composition according to claim 1.
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