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Description

Technical Field

[0001] The present invention relates to a refrigerant composition comprising difluoromethane (HFC-32) and 2,3,3,3-
tetrafluoropropene (HFO-1234yf), which is used in refrigeration units of air conditioners.

Background Art

[0002] As the whole world has been discussing global warming as a serious problem, the importance of developing
a refrigeration unit that has a low environmental load has increased. Refrigerants themselves have an impact on global
warming and also greatly affect the performance of refrigeration units. Accordingly, the selection of a refrigerant plays
an important role in reducing the generation of carbon dioxide, which is involved in global warming.
[0003] In recent years, various types of fluorinated propenes having a double bond in the molecule have been proposed.
These fluorinated propenes have a lower global warming potential (GWP) compared to heretofore known chlorofluoro-
carbons (CFCs), hydrochlorofluorocarbons (HCFCs), and hydrofluorocarbons (HFCs).
[0004] One of them is 2,3,3,3-tetrafluoropropene (HFO-1234yf) (see e.g. WO 2005/105947 and WO 2006/094303).
However, HFO-1234yf has a drawback: the device performance cannot be ensured when HFO-1234yf is used alone in
conventional devices because HFO-1234yf has a higher boiling point and a lower pressure compared to HCFC-22,
which has conventionally been used in floor standing type air conditioners, and non-ozone layer depleting R407C and
R410A, which have subsequently been promoted as alternatives.
[0005] When selecting a refrigerant, while it is obviously important that the refrigerant itself has a low GWP (a direct
impact on global warming), the energy use efficiency (an indirect impact on global warming) of a device that uses the
refrigerant is equally or more important. In recent years, the annual performance factor (APF) has been used as a method
for evaluating the energy efficiency of devices.
[0006] The APF is a numerical value determined by dividing the cooling and heating capacity required in one year if
an air conditioner is used throughout the year by the amount of electricity consumed by the air conditioner in one year
(the amount of electricity consumption over a specific period of time). The evaluation closely reflects actual use. An air
conditioner having a higher APF achieves higher energy-saving performance, and a refrigerant thereof is considered to
have a lower environmental load.
[0007] Other related art may be found in JP 2009-222362 A being directed to a refrigeration system that can suppress
the functional deterioration of various devices constituting a refrigerant circuit such as a compressor even when using
a refrigerant having zero ozone depletion potential.

Summary of Invention

Technical Problem

[0008] In recent years, refrigerants with lower GWPs have been proposed. However, when such a refrigerant is used
in a vapor-compression refrigerant cycle device, if the device has a conventional structure, sufficient performance cannot
be ensured due to the effect of pressure loss and the like because such a refrigerant has a higher boiling point and a
lower operating pressure compared to conventionally used refrigerants. Accordingly, countermeasures such as increas-
ing the device size and the like are required to ensure cooling and heating performance.
[0009] An object of the present invention is to provide a refrigerant composition having a reduced amount of compre-
hensive environmental load, in which the refrigerant composition has a low GWP (direct impact on global warming is
low), and achieves good energy efficiency (indirect impact on global warming is low) when used in a device.

Solution to Problem

[0010] As a result of extensive studies in view of the above-described problem, the present inventors found that the
above-described problem can be solved by employing a refrigerant composition comprising difluoromethane (HFC-32)
and 2,3,3,3-tetrafluoropropene (HFO-1234yf) in specified amounts. Thus, the present invention provides a use of a
refrigerant composition as defined in claim 1.
[0011] Preferred embodiments of the present use are as defined in the appended dependent claims and/or in the
following detailed description.
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Advantageous Effects of Invention

[0012] The refrigerant composition used in the present invention achieves the following effects.

(1) The refrigerant composition has a lower GWP than that of R407C and R410A, which have been heretofore used.
(2) The refrigerant composition has zero ozone depletion potential (ODP), and is not involved in the destruction of
the ozone layer even when the refrigerant composition is not completely recovered after use.
(3) The refrigerant composition has a high APF, particularly when used in an air conditioner provided with a coun-
termeasure to prevent the heat exchange efficiency from decreasing due to the temperature glide in a heat exchanger.
Specifically, an air conditioner that uses the refrigerant composition of the present invention exhibits energy efficiency
that is equal to or more than that of an air conditioner that uses R407C and R410A, which have been heretofore used.

Description of Embodiments

[0013] The present inventors evaluated, based on the APF, how the performance of a mixed refrigerant of HFC-32
and HFO-1234yf changes depending on the mixing ratio of HFC-32. Note that the APF of an air conditioner that uses
R410A was used as a standard for evaluation.
[0014] When HFO-1234yf was used alone, the result showed an APF that is 80% of the standard. A reason therefore
may be that it was necessary to increase operation frequency because HFO-1234yf has a low cooling capacity per unit
flow rate, and the increased flow rate resulted in an increase in the pressure loss. An additional reason may be that the
evaporation temperature of HFO-1234yf was reduced because of a greater effect of pressure loss caused by the reduced
evaporation pressure of HFO-1234yf, which is a result of its high boiling point. In this regard, it was predicted that adding
HFC-32, which has a lower boiling point and a higher pressure than HFO-1234yf, to HFO-1234yf would raise the pressure
of the refrigerant and increase the APF.
[0015] However, adding HFC-32 yielded astonishing results: an addition of 10 mass% of HFC-32 actually resulted in
a lower APF, compared to when HFO-1234yf was used alone. Then, the proportion of HFC-32 was further increased.
When 30 mass% of HFC-32 was added, the APF finally reached a value equal to that obtained when HFO-1234yf is
used alone. The APF increased when further HFC-32 was added. When 60 mass% of HFC32 was added, the APF
reached 93% of the standard.
[0016] Although HFC-32 has a lower GWP (675) compared to R410A (2075), the GWP of HFC-32 is still high. On the
other hand, HFO-1234yf has a low GWP (4). Accordingly, when a mixed refrigerant of HFC-32 and HFO1234yf is used
as an alternative refrigerant to R410A, instead of adding 60 mass% or more of HFC-32 to the mixture, it is preferable
to reduce the HFC-32 content as much as possible.
[0017] The flammability of refrigerant compositions is another aspect to consider. Although both HFC-32 and HFO-
1234yf are refrigerants that exhibit very low flammability, the flammability of HFC-32 is higher. When indicated with an
RF number, which is an index of flammability, HFC-32 has a value of 4.0 kJ/g, and HFO-1234yf has a value of 3.4 kJ/g.
Further, when compared in terms of flame propagation velocity, HFO-1234yf has a value of 1.2 cm/sec whereas HFC-
32 has a value of 6.7 cm/sec. HFC-32 has a higher flammability. Accordingly, a lower proportion of HFC-32 is advan-
tageous also in terms of flammability.
[0018] Adding HFC-32 to HFO-1234yf increases the pressure of the mixed refrigerant. Accordingly, the fact that HFC-
32 and HFO-1234yf are zeotropic may be the reason why adding HFC-32 temporarily reduces the APF. To alleviate the
problem in which the APF is reduced by zeotropic behavior, it is necessary to provide a countermeasure to a refrigeration
unit to prevent the heat exchange efficiency from decreasing due to the temperature glide in a heat exchanger.
[0019] At least one of the following is used as the above countermeasure: (1) eliminating the temperature difference
between air and refrigerant by countercurrent flow; (2) preventing frost formation near the inlet of an evaporator; and
(3) increasing the heat-transfer coefficient of a heat exchanger. Examples of (1) include allowing cooling and heating
flows to be countercurrent to each other in a heat exchanger. Further, examples of (2) include providing defrosting means
near the inlet of an evaporator. Further, examples of (3) include using a high-performance heat transfer tube.
[0020] When a mixed refrigerant of HFC-32 and HFO-1234yf was used in a refrigeration unit provided with at least
one of the above-described countermeasures, 95% of the standard APF was attained when 30 mass% of HFC-32 was
added to the mixture; 100% of the standard APF was attained when 40 mass% of HFC-32 was added to the mixture;
and 102% of the standard APF was attained when 50 mass% of HFC-32 was added to the mixture. Specifically, it was
found that, with the use of a refrigerant composition comprising 30-50 mass% of HFC-32 and 70-50 mass% of HFO-
1234yf, a refrigeration unit provided with at least one of the above-described countermeasures can achieve the same
level of performance as that obtained when R410A is used.
[0021] According to the invention, a refrigeration unit provided with at least one of the above-described countermeas-
ures is further provided with a countermeasure to reduce the effect of pressure loss. At least one of the following is used
as the above countermeasure: (A) increasing the tube diameter of a heat exchanger and/or optimizing the number of
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paths in a heat exchanger, (B) increasing the pipe diameter and/or shortening the length of a pipe in an air conditioner
and a connecting pipe for an air conditioner, (C) using an ejector as an expansion mechanism, and D) using an economizer
cycle. Examples of (A) include increasing the size of a compressor.
[0022] Specific examples of these countermeasures (modifications) are described in, for example, JP-A-2009-222362,
JP-A-2009-222360, and JP-A-2009-222359.
[0023] At the same time, even when HFO-1234yf is used alone, the APF thereof can be increased by modifying a
refrigeration unit in the above-describe manner. For example, the APF was increased by about 10% by the counter-
measure that reduces the effect of pressure loss, and further increased by about 5% by the countermeasure that
appropriately adjusts the compressor. In this way, about 95% of the standard APF is attained even when HFO-1234yf
is used alone; however, the extent of these modifications is not practical in the case when HFO-1234yf is used alone.
[0024] The present invention proposes using a refrigerant composition comprising 35 mass% of HFC-32 and 65 mass%
of HFO-1234yf as a refrigerant for obtaining, in a range of practical modifications, an APF equivalent to that obtained
by the use of R410A. When the mixing ratio is within the above-described ranges, it is possible to reduce the flammability
and the GWP while maintaining an APF equivalent to that obtained by the use of R410A.
[0025] The refrigerant composition used in the present invention exhibits a high stability. When a high level of stability
is required under severe conditions, a stabilizer may be added, if necessary, to the refrigerant composition.
[0026] Examples of stabilizers include (i) aliphatic nitro compounds such as nitromethane and nitroethane; aromatic
nitro compounds such as nitrobenzene and nitrostyrene; (ii) ethers such as 1,4-dioxane; amines such as 2,2,3,3,3-
pentafluoropropylamine and diphenylamine; and butylhydroxyxylene and benzotriazole. The stabilizers may be used
alone or in combination of two or more.
[0027] Although the amount of stabilizer used varies depending on the type used, it is within a range that does not
impair the properties of the refrigerant composition. The amount of stabilizer used is usually preferably 0.01-5 parts by
weight (pbw), more preferably 0.05-2 pbw, relative to 100 pbw of a mixture of HFC-32 and HFO-1234yf.
[0028] The refrigerant composition used in the present invention may further comprise a polymerization inhibitor.
Examples of polymerization inhibitors include 4-methoxy-1-naphthol, hydroquinone, hydroquinone methyl ether, dime-
thyl-t-butylphenol, 2,6-di-tert-butyl-p-cresol and benzotriazole.
[0029] The amount of polymerization inhibitors used is usually preferably 0.01-5 pbw, more preferably 0.05-2 pbw,
relative to 100 pbw of a mixture of HFC-32 and HFO-1234yf.
[0030] The refrigerant composition used in the present invention may further contain refrigerant oil. Examples of
refrigerant oil include, but are not limited to, polyalkylene glycol, polyol ester, polyvinyl ether, alkyl benzene and mineral oil.
[0031] Examples of refrigeration units in which the refrigerant composition is used include, but are not limited to, air
conditioners for industrial use and home use (which are not only limited to separate type air conditioners in which a
single or multiple indoor units and outdoor units are interconnected by a refrigerant pipe, but may also include window
type and portable type air conditioners in which a casing integrally houses a refrigerant circuit, and rooftop type and
central type air conditioners in which cold air and warm air are conveyed through a duct), car air conditioners.
[0032] The refrigerant composition is particularly useful as a refrigerant composition in devices for which size reduction
is demanded, such as air conditioners for industrial use and home use, car air conditioners.
[0033] As described above, these refrigeration units are provided with a countermeasure to prevent the heat exchange
efficiency from decreasing due to the temperature glide in a heat exchanger.
[0034] Specific examples of refrigeration units and heat exchangers include devices disclosed in Claims 1 and 6 of
JP-A-2009-222362. Examples of heat exchangers include a heat exchanger disclosed in Claim 1 of JP-A-2009-222360.
Further, examples of refrigeration units include a refrigeration unit disclosed in Claim 1 of JP-A-2009-222359, and a
refrigeration unit disclosed in Claim 1 of JP-A-2009-222357.

Examples

[0035] Hereinbelow, the present invention is described using examples, but is not limited thereto.
[0036] A performance test was conducted in accordance with JIS-C9612 by installing an air conditioner in a calorimeter
test chamber approved by JIS. Specifically, the following values were measured: (1) amount of air-side heat exchange
in an indoor unit, (2) input power of a compressor, (3) input power of fans in indoor and outdoor units, (4) input current
of a four-way switching valve, (5) input current of an electric expansion valve, and (6) input current of a compressor.
Then, the coefficient of performance (COP) during each of the following operations was determined: rated cooling
operation (4 kW), mid-capacity cooling operation (2 kW), rated heating operation (5 kW), and mid-capacity heating
operation (2.5 kW). Further, the APF was determined.
[0037] Table 1 shows the refrigerant compositions used, the specifications of the air conditioners used, and the APF
values obtained. Table 1 also shows ratios obtained by comparing each APF with the APF of Comparative Example 1.
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[0038] Specifications including a countermeasure for temperature glide: modified specifications in which a switching
valve is provided to a standard unit for R410A so as to allow refrigerant and air to flow entirely in a countercurrent manner
in indoor and outdoor heat exchangers during a cooling operation mode and a heating operation mode.
[0039] Specifications including a countermeasure for pressure loss: specifications in which a dry valve is removed
from an indoor heat exchanger of a standard unit for R410A, and the size of a gas-side connecting pipe is changed from
3/8-inch to 4/8-inch.

Industrial Applicability

[0040] The present invention is useful as a refrigerant composition for refrigeration units such as air conditioners.

Claims

1. Use of a refrigerant composition comprising, as the refrigerant, a mixture of 35 mass% of difluoromethane (HFC-
32) and 65 mass% of 2,3,3,3-tetrafluoropropene (HFO-1234yf), in a refrigeration unit of an air conditioner obtained
by applying

(1) a countermeasure (i) to prevent heat exchange efficiency from decreasing due to the temperature glide in
a heat exchanger to a standard unit for R410A of an air conditioner; the countermeasure (i) being at least one of

- eliminating the temperature difference between air and refrigerant by counter-current flow,
- preventing frost formation near an inlet of an evaporator, and
- increasing the heat-transfer coefficient of the heat exchanger with regard to a heat exchanger of the
standard unit for R410A of an air conditioner.

2. The use of claim 1, wherein
the refrigeration unit of an air conditioner is further obtained by applying
(2) a countermeasure (ii) to reduce the effect of pressure loss to a standard unit for R410A of an air conditioner, the
countermeasure (ii) being at least one of

- increasing the tube diameter of the heat exchanger or optimizing the number of paths in the heat exchanger

Table 1

Refrigerant Composition Air Conditioner Specifications APF

Comparative 
Example 1

R410A Standard unit for R410A 5.99 100%

Comparative 
Example 2

HFO-1234yf Standard unit for R410A 4.80 80.1%

Comparative 
Example 3

HFC-32/HFO-1234yf 
(10/90 mass%)

Standard unit for R410A 4.75 79.3%

Example 1* HFC-32/HFO-1234yf 
(50/50 mass%)

Standard unit for R410A 5.36 89.5%

Example 2* HFC-32/HFO-1234yf 
(40/60 mass%)

Standard unit for R410A 5.27 88.0%

Example 3* HFC-32/HFO-1234yf 
(50/50 mass%)

Specifications including a countermeasure for 
temperature glide

6.10 102%

Example 4* HFC-32/HFO-1234yf 
(40/60 mass%)

Specifications including a countermeasure for 
temperature glide

6.00 100%

Example 5* HFC32/HFO1234yf (40/60 
mass%)

Specifications including countermeasures for 
temperature glide + pressure loss

6.11 102%

*: not according to the claimed invention
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with regard to a heat exchanger of the standard unit for R410A of an air conditioner,
- increasing the pipe diameter or shortening the length of a pipe in an air conditioner and a connecting pipe for
an air conditioner with regard to a heat exchanger of the standard unit for R410A of an air conditioner,
- using an ejector as an expansion mechanism, and
- using an economizer cycle.

3. The use of claim 1 or 2, wherein the refrigerant composition further comprises a polymerization inhibitor.

4. The use of claim 1 or 2, wherein the refrigerant composition further comprises a stabilizer.

5. The use of claim 1 or 2, wherein the refrigerant composition further comprises refrigerant oil.

Patentansprüche

1. Verwendung einer Kältemittelzusammensetzung, umfassend, als das Kältemittel, ein Gemisch von 35 Masse-%
Difluormethan (HFC-32) und 65 Masse-% 2,3,3,3-Tetrafluorpropen (HFO-1234yf) in einem Kühlaggregat einer Kli-
maanlage, erhalten durch Anwenden

(1) einer Gegenmaßnahme (i) zur Verhinderung einer Abnahme des Wärmetausch-Wirkungsgrads aufgrund
des Temperaturgleitens in einem Wärmetauscher auf ein Standardaggregat für R410A einer Klimaanlage; wobei
die Gegenmaßnahme (i) mindestens eine von folgenden ist:

- Beseitigen des Temperaturunterschieds zwischen Luft und Kältemittel durch Gegenstromführung,
- Verhindern von Frostbildung nahe eines Einlasses eines Verdampfers und
- Erhöhen des Wärmeübergangskoeffizienten des Wärmetauschers in Bezug auf einen Wärmetauscher
des Standardaggregats für R410A einer Klimaanlage.

2. Verwendung nach Anspruch 1, wobei
das Kühlaggregat einer Klimaanlage weiter durch Anwenden
(2) einer Gegenmaßnahme (ii) zur Reduktion der Wirkung von Druckverlust auf ein Standardaggregat für R410A
einer Klimaanlage erhalten wird, wobei die Gegenmaßnahme (ii) mindestens eine der folgenden ist:

- Erhöhen des Rohrdurchmessers des Wärmetauschers oder Optimierung der Anzahl von Pfaden in dem Wär-
metauscher in Bezug auf einen Wärmetauscher des Standardaggregats für R410A einer Klimaanlage,
- Erhöhen des Rohrdurchmessers oder Verkürzen der Länge eines Rohrs in einer Klimaanlage und eines
Verbindungsrohrs für eine Klimaanlage in Bezug auf einen Wärmetauscher des Standardaggregats für R410A
einer Klimaanlage,
- Verwendung eines Ejektors als Ausdehnmechanismus und
- Verwenden eines Sparzyklus.

3. Verwendung nach Anspruch 1 oder 2, wobei die Kältemittelzusammensetzung weiter einen Polymerisationsinhibitor
umfasst.

4. Verwendung nach Anspruch 1 oder 2, wobei die Kältemittelzusammensetzung weiter einen Stabilisator umfasst.

5. Verwendung nach Anspruch 1 oder 2, wobei die Kältemittelzusammensetzung weiter Kältemittelöl umfasst.

Revendications

1. Utilisation d’une composition de réfrigérant comprenant, en tant que réfrigérant, un mélange de 35 % en masse de
difluorométhane (HFC-32) et de 65 % en masse de 2,3,3,3-tétrafluoropropène (HFO-1234yf), dans une unité de
réfrigération d’un climatiseur obtenue par application

(1) d’une contre-mesure (i) pour empêcher un rendement d’échange thermique de diminuer en raison d’un
glissement de température dans un échangeur de chaleur à une unité standard pour R410A d’un climatiseur ;
la contre-mesure (i) étant au moins une parmi:
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- éliminer la différence de température entre l’air et le réfrigérant par un écoulement à contre-courant,
- empêcher une formation de givre à proximité d’une entrée d’un évaporateur, et
- augmenter le rendement de transfert thermique de l’échangeur de chaleur par rapport à un échangeur
de chaleur de l’unité standard pour R410A d’un climatiseur.

2. Utilisation selon la revendication 1, dans laquelle
l’unité de réfrigération d’un climatiseur est obtenue en outre par application
(2) d’une contre-mesure (ii) pour réduire l’effet de perte de pressure à une unité standard pour R410A d’un climatiseur,
la contre-mesure (ii) étant au moins une parmi

- augmenter le diamètre de tube de l’échangeur de chaleur ou optimiser le nombre de trajets dans l’échangeur
de chaleur par rapport à un échangeur de chaleur de l’unité standard pour R410A d’un climatiseur,
- augmenter le diamètre de tuyau ou raccourcir la longueur d’un tuyau dans un climatiseur et d’un tuyau de
raccordement pour un climatiseur par rapport à un échangeur de chaleur de l’unité standard pour R410A d’un
climatiseur,
- utiliser un éjecteur comme mécanisme d’expansion, et
- utiliser un cycle économiseur.

3. Utilisation selon la revendication 1 ou 2, dans laquelle la composition de réfrigérant comprend en outre un inhibiteur
de polymérisation.

4. Utilisation selon la revendication 1 ou 2, dans laquelle la composition de réfrigérant comprend en outre un stabilisant.

5. Utilisation selon la revendication 1 ou 2, dans laquelle la composition de réfrigérant comprend en outre une huile
réfrigérante.
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