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Development of R-1132(E)-based refrigerant blends
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ABSTRACT

In response to the Kigali Amendment to the Montreal Protocol, various refrigerant blends containing R-1132(E)
have been developed as new medium- and high-pressure refrigerants. We have considered a broad range of GWP values
and performance levels to address each country’s regulations and application needs. This paper discusses the
development concept of these R-1132(E) blends and the flammability data that contributed to determining the

refrigerant composition.
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1. INTRODUCTION

With the 2016 Kigali Amendment, emission
reductions based on the CO; equivalent of HFCs have
become mandatory, and refrigerants are being shifted to
those with lower global warming potential (GWP) for
various applications . In developed countries,
including Japan, the target is to reduce emissions by 80%
by 2034 and 85% by 2036. Furthermore, among
developed countries, each country and region has
established its own regulations, requiring the practical
application of low-GWP refrigerants and the expansion
of refrigerant recovery and recycling. In selecting
refrigerants for refrigeration and air conditioning
equipment, four points - safety, environmental impact,
energy efficiency, and economic viability - are
comprehensively evaluated for each application, and
refrigerants are selected based on their suitability for the
specific application. For instance, air conditioners are
being converted R-32 (GWP 675, Lower Flammability)
to replace R-410A (GWP 2090, No Flame Propagation).
And for refrigeration, R-407H (GWP 1495, No Flame
Propagation) and R-448A (GWP 1387, No Flame
Propagation) are being used as replacements of R-404A
(GWP 3920, No Flame Propagation). So, refrigerants
have been provided based on their applications. To
achieve the reduction targets of the future Kigali
Amendment and carbon neutrality, the development of
new refrigerants with even lower GWP, improved safety,
and enhanced energy efficiency is essential. We have
conducted research and development on new refrigerants
and identified a new refrigerant component, R-1132(E).
This paper reports on the development of R-1132(E)-
based refrigerant blends and their characteristics.

2. DEVELOPMENT OF
REFRIGERANTS BLENDS

R-1132(E)-BASED

2-1. BASIC PROPERTIES OF R-1132(E)

The new refrigerant component, R-1132(E) (trans-
1,2-difluoroethylene), is an ethylene-based
hydrofluoroethylene (HFO) compound with a GWP of

less than 1 and a very low impact on global warming 1.
Its saturated vapor pressure has a value close to that of R-
32, which is currently a broadly used refrigerant (Fig. 1)
34 R-1132(E) is highly valuable as a component of
mixed refrigerants, as there has been no refrigerant
substance with a GWP below 1 in this pressure range so
far. International standard ISO 817 and US standard
ASHRAE 34, which specify the safety of refrigerants,
classify toxicity into two categories (Lower chronic
toxicity: A, higher chronic toxicity: B) and flammability
into four categories (No Flame Propagation: Class 1,
Lower Flammability: Class 2L, Flammable: Class 2,
Higher Flammability: Class 3). In July 2022, R-1132(E)
was registered with a safety classification of B2. However,
in November 2024, the toxicity criteria in the international
standard were revised, and R-1132(E) became A2 class
(lower chronic toxicity, low flammability). Table 1 shows
the basic characteristics of R-1132(E).
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Fig.1 Saturated vapor pressure curves for each refrigerant.



Table 1 Fundamental properties of R-1132(E).

Refrigerant R-1132(E) R-32
trans-

Formula CHF=CHF CH)F»
Molecular Weight

-1 64.0 52.0
[g-mol ]
Critical Temperature [°C] 75.7 78.1
Critical Pressure [MPa] 5.17 5.78
Boiling Point [°C] -52.6 -51.7
Vapor Pressure at 25 °C
[MPa] 1.67 1.69
V: Density at 25 °C

apor Jensity & 55.9 473

[kg-m ]
Liquid Density at 25 °C

3 916.5 961.0
[kg-m ]
Latent Heat at 25 °C 2137 970.9
[kJ-kg'] ' '
Lower Flammability Limit
[vol%] 4.4 14.4
Burning Velocity [cm* s-l] 30.5 6.7
GWP 0.0056 ' | 675 (AR4)

2-2. R-1132(E)-BASED REFRIGERANT BLENDS

Since R-1132(E) brings concerns regarding self-
decomposition reactions if applied to refrigeration and
air-conditioning equipment as a single component B, it
is being developed for various applications as a mixed
refrigerant. Internationally, the use of flammable
refrigerants in refrigeration and air conditioning
equipment is limited. Therefore, we have designated the
development of lower flammability refrigerants similar
to R-32 and R-1234yf, which are standard in air
conditioning equipment worldwide, as our development
target. Figure 2 summarizes the lower flammability limit
(LFL) and burning velocity (BV) of conventional
refrigerants, other next-generation refrigerants under
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consideration, and the new R-1132(E) blends. Many
refrigerants present no flame propagation or lower
flammability and considering their application to
existing systems, lower flammability refrigerants are
preferable.
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Fig.2 Flammability properties of each refrigerant.

R-1132(E) is flammable as a single refrigerant but can be
easily controlled to be lower flammability (BV < 10
cm/s) by mixing it with other lower flammability
refrigerants. Four new lower flammability refrigerants -
R-474A, R-474B, R-479A, and R-479B - and one new
flammable refrigerant, R-491A, were developed.
Regarding the development of lower flammability
refrigerant blends, the R-1132(E) composition was
adjusted for R-474B, R-479A, and R-479B to achieve a
maximum burning velocity limit of 10 cm/s or less. The
fundamental properties of these five mixed refrigerants,
which are already registered under ASHRAE 34, are
shown in Table 2. Below, the development concepts and
characteristics of each refrigerant are introduced in detail.

Table 2 Refrigerant cycle performance of R-1132(E) blends.

Refrigerant R-474A R-474B R-479A R-479B R-491A
R-1132(E) [mass%] 23.0 315 28.0 23.0 35.0
Composition R-1234yf [mass%] 77.0 68.5 50.5 33.0 -
R-32 [mass%] - - 21.5 44.0 -
R-152a [mass%] - - - - 65.0
Boiling Point [°C] -43.4 -45.8 -50.5 -51.9 -39.5
Physical Property Critical Temp. [°C] 87.8 85.2 80.5 78.1 101.8
Critical Pres. [MPa] 4.05 4.22 4.81 5.23 4.98
Pres. at 25 °C [MPa] 1.07 1.18 1.46 1.61 0.972
- LFL for WCL [kgom'3] 0.207 0.189 0.194 0.218 0.123
Flammability 1
BV for WCL [cm-s ] 3.3 4.0 44 6.6 n.d.
Toxicity ATEL [vol ppm] 58000 50500 63600 81100 56800
OEL [vol ppm] 440 420 510 610 600
Safety Class A2L A2L A2L A2L A2

LFL: Lower Flammability Limit, BV: Burning Velocity, OEL: Occupational Exposure Limit
WCF: Worst Case of Formulation for flammability, ATEL: Acute-Toxicity Exposure Limit



R-474 series

To develop an ultra-low GWP refrigerant with a
GWP of 10 or less and lower flammability, a two-
component blend refrigerant concept composed of R-
1132(E) and R-1234yf was developed. R-474A (R-
1132(E)/1234yf = 23.0/77.0) was designed to suppress
flammability while improving refrigeration capacity
compared to R-1234yf. Table 3 shows the results of
theoretical cycle performance calculations for EV
applications  [Evaporation temperature: 5  °C,
Condensation temperature: 60 °C, Superheat: 5 K,
Subcooling: 5 K, Compression efficiency: 70%]. The
calculations were performed using REFPROP ver10.0 [9)
incorporating R-1132(E) and the mixing rules for each
refrigerant. This refrigerant is expected to be used as an
alternative to R-1234yf in electric vehicles (EVs). EVs
have traditionally used electric heaters for heating
because they cannot utilize engine waste heat. However,
as EVs become more energy-efficient, heat pump
systems are increasingly being adopted. The boiling
points of the currently prevalent refrigerants R-134a and
R-1234yf are relatively high at -26.1 °C and -29.5 °C,
respectively. This results in low gas density during
periods of low outside air temperature, making rapid
heating using heat pumps difficult. Consequently,
electric heaters become necessary, leading to significant
battery drain. In contrast, R-474A has a low boiling point
of -43.4 °C, enabling stable operation even in cold
ambient temperatures. For EV air conditioning
applications, it delivers higher performance than R-
1234yf under low-temperature conditions.

Table 3 Refrigerant cycle performance of R-474A.

Refrigerant R-474A | R-1234yf
GWP (AR4) 3 4
COP (R-1234yf = 100) 99 100
Capacity (R-1234yf = 100) 140 100
Glide Eva. /Cond. [K] 3.6/5.0 -
Discharge Temp. [°C] 80.7 70.0
Cond. Pres. [MPa] 2.3 1.6

* The GWP for R-1132(E) is calculated as 0.0056.

R-474B (R-1132(E)/1234yf = 31.5/68.5) has a boiling
point of -45.8 °C and is designed to maintain positive
pressure even at -40 °C, making it suitable for
refrigeration and freezing applications. Table 4 shows
the results of theoretical cycle performance calculations
for refrigeration applications [Evaporation temperature:
-40°C, Condensation temperature: 40 °C, Superheat: 20
K, Subcooling: 5 K, Compression efficiency: 70%].
Refrigeration equipment such as showcases is
transitioning from high-GWP refrigerants like R-448A to
non-fluorinated alternatives with GWP < 10, with natural
refrigerants like R-290 and R-744 increasingly being
adopted. However, challenges remain, including
restrictions on refrigerant charge due to its higher
flammability, the need for ultra-high pressure
compatibility, equipment size requirements, and energy
efficiency. R-474B has a GWP equivalent to natural
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refrigerants and is defined as a non-fluorocarbon
refrigerant in Japan. R-474B is a refrigerant that
combines safety and energy efficiency, making it a
promising alternative alongside natural refrigerants.

Table 4 Refrigerant cycle performance of R-474B.

Refrigerant R-474B R-448A
GWP (AR4) 3 1386
COP (R-448A = 100) 99 100
Capacity (R-448A = 100) 87 100
Glide Eva. /Cond. [K] 3.8/6.1 4.1/5.0
Discharge Temp. [°C] 100 119
Cond. Pres. [MPa] 1.6 1.8

* The GWP for R-1132(E) is calculated as 0.0056.

Both R-474A and R-474B possess physical properties
similar to R-454C (GWP < 150), which is expected to be
the next-generation refrigerant for refrigeration and air
conditioning applications. This similarity also makes it
possible to achieve ultra-low GWP through drop-in
equivalent development from R-454C.

R-479 series

To improve the performance of R-474 series
refrigerants with GWP < 10, we developed R-479A (R-
1132(E)/1234yf/32 = 28.0/50.5/21.5), a three-
component blend refrigerant composed of R-32, and R-
479B (R-1132 (E)/1234yf/32 = 23.0/33.0/44.0) were
developed. Table 5 shows the results of theoretical cycle
performance calculations for air conditioning
applications  [Evaporation temperature: 5  °C,
Condensation temperature: 45 °C, Superheat: 5 K,
Subcooling: 5 K, Compression efficiency: 70%]. R-
479A has a GWP < 150 and 1.4 times the refrigeration
capacity of R-474A. Its temperature glide is
approximately 5 K, equivalent to R-407C. This
refrigerant is a viable option for meeting GWP < 150
regulations in many countries and regions, regardless of
application, including air conditioning, refrigeration, and
EVs. R-479B was developed by further increasing the R-
32 composition ratio, achieving a GWP < 300. Its
refrigeration capacity is equivalent to R-410A, widely
used globally in air conditioning, and R-454B, gaining
traction in North American air conditioning applications.
Its temperature glide is 2.5 K, potentially avoiding
significant equipment redesigns. For countries and
regions using R-410A (GWP 2088) as their baseline
refrigerant, it is considered a viable option for meeting
the Kigali Amendment's 2036 target of an 85% reduction.

R-491 series

Finally, to significantly improve COP and as an
alternative to R-290, we developed the flammable
refrigerant R-491A (R-1132(E)/152a = 35/65) blended
with R-152a. To address the safety concerns of the higher
flammability refrigerant R-290, we achieved a
flammability 2 classification at equivalent pressures.
Table 6 shows the results of theoretical cycle
performance calculations for EV  applications
[Evaporation temperature: 5 °C, Condensation



temperature: 60 °C, Superheat: 5 K, Subcooling: 5 K,
Compression efficiency: 70%]. We consider this a viable
option for applications where R-290 adoption is
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progressing but where safety concerns prevent its
installation.

Table 5 Refrigerant cycle performance of R-479A and R-479B.

Refrigerant R-479A R-479B R-410A R-454B R-32 R-454C
GWP (AR4) 147" 299" 2088 466 675 147
COP (R410A = 100) 102 102 100 102 102 104
Capacity (Theoretical) 82 95 100 98 110 65
Glide Eva. /Cond. [K] 5.0/5.2 2.5/2.5 0.1/0.1 1.3/1.4 - 5.9/7.2
Discharge Temp. [°C] 73.0 78.9 76.9 83.2 95.0 68
Cond. Pres. [MPa] 2.2 2.6 2.7 2.5 2.8 1.8

* The GWP for R-1132(E) is calculated as 0.0056.

Table 6 Refrigerant cycle performance of R-491A.

Refrigerant R-491A R-290
GWP (AR4) 81" 4
COP (R-290 = 100) 104 100
Capacity (R-290 = 100) 103 100
Glide Eva. /Cond. [K] 4.8/5.6 -
Discharge Temp. [°C] 100.8 81.0
Cond. Pres. [MPa] 2.1 2.1

* The GWP for R-1132(E) is calculated as 0.0056.

Figure 3 compares the boiling points and GWPs of
the five new R-1132(E)-based refrigerant blends
described above with various conventional refrigerants.
The numbers in parentheses indicate the temperature
glide when performing theoretical cycle calculations for
air conditioning applications. The four new lower
flammability refrigerant blends, excluding R-491A, are
the refrigerants with the lowest GWP in the -40 °C to -
50 °C range and are candidates to replace conventional
high-GWP  refrigerants.  Furthermore, even in
applications where low-GWP refrigerants are already
widely used, these new refrigerants offer the potential for
higher capacity, enabling smaller equipment and
improved energy efficiency. However, a closer look into

temperature glide reveals a tendency for it to increase as
GWP decreases. Temperature glide is the characteristic
change in temperature at a constant pressure when a non-
azeotropic mixed refrigerant evaporates or condenses.
Generally, a larger temperature glide necessitates
improvements to heat exchangers and the system. The
larger the boiling point difference between the
refrigerants being mixed, the larger the temperature glide.
There are no low-GWP refrigerants with boiling points
comparable to widely used R-410A, R-32, or R-404A
other than R-1132(E). Furthermore, since R-1132(E)
cannot be used alone, designing ultra-low-GWP blends
requires mixing it with refrigerants like R-1234yf that
have relatively distant boiling points. To reduce the
temperature glide, blending with R-32 is essential, but
this increases the GWP, creating a trade-off between
GWP and the extent of equipment modifications required.
Refrigerant selection must be tailored to the application.
Ultra-low GWP refrigerants are expected to be applied
in applications where equipment can accommodate
temperature glide. Conversely, when addressing
temperature glide would significantly increase the
overall environmental impact, refrigerants with a GWP
between 150 and 300, blended with R-32, are considered
preferable.
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Fig.3 GWP and boiling point of each refrigerant.



CONCLUSIONS

Various R-1132(E)-based refrigerant blends have
been developed. R-474A and R-474B, which are lower
flammability 2L and have a GWP < 10, are recognized
as ultra-low GWP refrigerants for EV, refrigeration, and
air conditioning applications. Furthermore, based on
refrigerant physical properties, drop-in replacement
from R-454C is also anticipated. R-479A (GWP < 150)
and R-479B (GWP < 300) enhance capacity while
successfully reducing temperature glide, enabling the
provision of high-performance refrigeration and air-
conditioning equipment while maintaining low to
moderate GWP values. We will contribute to global
environmental issues by proposing R-1132(E)-based
refrigerants tailored to specific regions, applications, and
regulations, and by promoting their adoption.

NOMENCLATURE
AR4 : IPCC Fourth Assessment Report
COP  : Coefficient of performance
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Development of R-1132(E)-based refrigerant blends
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In response to the Kigali Amendment to the Montreal Protocol, various refrigerant blends containing R-
1132(E) have been developed as new medium- and high-pressure refrigerants. Since it is necessary to select refrigerants
appropriate for each country's regulations and applications, we have not only considered next-generation refrigerants with
a GWP < 10 but also low-GWP refrigerants that prioritize refrigerant performance to address energy issues. This paper
discusses the development concept of these R-1132(E) blends and the flammability data that contributed to determining

the refrigerant composition.
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1. [XFL®HIC

2016 4EDF 7 U BIEIZLEVY, HFC 0 00, kL
BA S L2 EE AT v Y, Ik~
732 13 CHUERIRRZ(LAREL (GWP) AR R~ & #i5
ENTNWD, FHEZETIERTIE 2034 4
12 80%HIJBL, 2036 4EiZ 85%HIIBLO> HAZ2 1T 5
. DR OH T ESHIBIC Lo Tl
DOHHBFRT BT Y | K GWP D FERAE
O IEDENN PR A DILR DR D BTN D,

M RZETREZR O IBIEGERIUZ SN TR, Flig T &
Ak, BB, =L X, REEoN
DO B IA NG S 2v, WA T T
BTN TE T, Bl2IE, 2 omis LT
1%, R-410A (GWP2090, M) DARFEL LT, R-
32 (GWP6T75, TUAME) ~EEHHEA TWD, Fio
WA & L CiE, R-404A (GWP3920, ASAME)
DR E LT, R407TH (GWP1495, RAME) < R-
4487 (GWP1387, RIAME) ~Lisfizin Ty, =
DEINTHBIIS CTemER ZETRIESH
T&7,

Pk X7 ) BEDOHIB B R X O —R
=a— NI NVEERT DO, ZVETULE
DA GWP fbRD B, S bl etk A=k

\CEN TN IE OB N VAL 12D, Box 1 3Hm
BEOTRIRE L OBREIT ., Bl 2Bk CTh
% R-1132(E) # fLH L7z, ATk R-1132(B) &
F L LIZRAEBEORRE R L OE ORIz O
THET 5,

2. R-1132(B) E&EREDREH

2-1. R-1132(E) DEAMHE

B LWHEER S TH D R-1132(E) (T A=
1, 2-Y7FrF L) Z=F L RO HRO L
BWTHY . GWP 25 1 LU THUBRIRBE (b~ 0D 5228
DD TS WE TH D P, T ORIFIZEKIE X,
BEFIHEHENTND R-32 ([ZEVEZ AT S
S0 (K1) . ZOESIFEE T GWPL LT OmiEy
B L . R-1IB2(E) IR AWy & LT
FIRME2 B, D22 2% HE T 25 EEHE
B TS0 817 2K [EHk% ASHRAE 34 TlE, #it% 2
DDOX5y (EKFHEME - A, mEtE B) . EEEE 4
DDAy (RPRME - Classl, fRME : Class2L, 99
PRME : Class2, FRRME : Class3) IZHFEL T 5,
2022 7 H | R-1132 (E) 132 & MEX 43 A3 B2 THEEk
SHT=AN, 2024 4F 11 AICEBEA&ICE T D3k
D BE LM T, R-1132 (B) 1% A2 (KM,



FIRME) & 72 A, R-1132(F) O IEAKHNEAEFE 1127
7,

CO,
(R-744)

R-32

Propane
(R 290)

| R-1234yf

Saturated Pressure [MPa]

-40 -20 0 20 40 60 80
Temperature [°C]

100 120

Fig.1 Saturated vapor pressure curves for each refrigerant.

Table 1 Fundamental properties of R-1132(E).

Refrigerant R-1132(E) R-32
trans-

Formula CHF=CHF CH)F»
Molecular Weight

-1 64.0 52.0
[g-mol ]
Critical Temperature [°C] 75.7 78.1
Critical Pressure [MPa] 5.17 5.78
Boiling Point [°C] -52.6 -51.7
Vapor Pressure at 25 °C
[MPal] 1.67 1.69
V: Density at 25 °C

apor 5 ensity a 559 473

[kg-m ]
Liquid Density at 25 °C

3 916.5 961.0
[kg-m ]
Latent Heat at 25 °C 2137 270.9
[kI-kg'] ' '
Lower Flammability Limit
[vol%] 4.4 14.4
Burning Velocity [cm* s'l] 30.5 6.7
GWP 0.0056 *! | 675 (AR4)
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Fig.2 Flammability properties of each refrigerant.
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Table 2 Refrigerant cycle performance of R-1132(E) blends.

Refrigerant R-474A R-474B R-479A R-479B R-491A
R-1132(E) [mass%] 23.0 315 28.0 23.0 35.0
Composition R-1234yf [mass%] 77.0 68.5 50.5 33.0 -
R-32 [mass%] - - 21.5 44.0 -
R-152a [mass%] - - - - 65.0
Boiling Point [°C] -43.4 -45.8 -50.5 -51.9 -39.5
Physical Property Critical Temp. [°C] 87.8 85.2 80.5 78.1 101.8
Critical Pres. [MPa] 4.05 4.22 4.81 5.23 4.98
Pres. at 25 °C [MPa] 1.07 1.18 1.46 1.61 0.972
- LFL for WCL [kg-m'3] 0.207 0.189 0.194 0.218 0.123
Flammability 7
BV for WCL [cm*s ] 3.3 4.0 4.4 6.6 n.d.
Toxicity ATEL [vol ppm] 58000 50500 63600 81100 56800
OEL [vol ppm] 440 420 510 610 600
Safety Class A2L A2L A2L A2L A2

LFL: Lower Flammability Limit, BV: Burning Velocity, OEL: Occupational Exposure Limit
WCF: Worst Case of Formulation for flammability, ATEL: Acute-Toxicity Exposure Limit

Table 3 Refrigerant cycle performance of R-474A.

Refrigerant R-474A | R-1234yf
GWP (AR4) 3 4
COP (R-1234yf = 100) 99 100
Capacity (R-1234yf = 100) 140 100
Glide Eva. /Cond. [K] 3.6/5.0 -
Discharge Temp. [°C] 80.7 70.0
Cond. Pres. [MPa] 2.3 1.6

* The GWP for R-1132(E) is calculated as 0.0056.
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Table 4 Refrigerant cycle performance of R-474B.

Refrigerant R-474B R-448A
GWP (AR4) 3" 1386
COP (R-448A = 100) 99 100
Capacity (R-448A = 100) 87 100
Glide Eva. /Cond. [K] 3.8/6.1 4.1/5.0
Discharge Temp. [°C] 100 119
Cond. Pres. [MPa] 1.6 1.8

* The GWP for R-1132(E) is calculated as 0.0056.
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Table 5 Refrigerant cycle performance of R-479A and R-479B.

Refrigerant R-479A R-479B R-410A R-454B R-32 R-454C
GWP (AR4) 147" 299" 2088 466 675 147
COP (R410A =100) 102 102 100 102 102 104
Capacity (Theoretical) 82 95 100 98 110 65
Glide Eva. /Cond. [K] 5.0/5.2 2.5/2.5 0.1/0.1 1.3/1.4 - 5.9/7.2
Discharge Temp. [°C] 73.0 78.9 76.9 83.2 95.0 68
Cond. Pres. [MPa] 2.2 2.6 2.7 25 2.8 1.8

* The GWP for R-1132(E) is calculated as 0.0056.
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Table 6 Refrigerant cycle performance of R-491A.
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Refrigerant R-491A R-290
GWP (AR4) 81" 4
COP (R-290 = 100) 104 100
Capacity (R-290 = 100) 103 100
Glide Eva. /Cond. [K] 4.8/5.6 -
Discharge Temp. [°C] 100.8 81.0
Cond. Pres. [MPa] 2.1 2.1

* The GWP for R-1132(E) is calculated as 0.0056.
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Fig.3 GWP and boiling point of each refrigerant.
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