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Next Generation Low-GWP Refrigerants
“AMOLEA™”
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AGC developed novel Low-GWP refrigerants in order to replace conventional refrigerants
which have high Global Warming Potential (GWP). A mixed refrigerant of HFO-1123 and
HFC-32, which is azeotropic-like mixture as well as R-410A, can achieve both Low-GWP
values and good performances. This HFO-1123 and HFC-32 mixed refrigerant can alternate
to R410A for domestic and commercial air conditioners applications. Also, AMOLEA™.7d is
developed as HF(C-245fa alternative, applied for low pressure refrigerant and high-
temperature heat-pump fluid. AMOLEA™.7d is non-flammable, low-toxicity, a good
refrigerant performance as well as HFC-245fa. Therefore, AMOLEA™.7d is expected to
show superior performance in the equipment which has large amount of refrigerant.
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Table 1 The target GWP value, and the target year of the
designated product.

Target
year

Target
GWP value

Equipment

Domestic air conditioners
mestic ar condiiioners 750 2018

(expect for the floor model)

Commercial air conditioners
750 2020

(expect for the floor model)

Mobile air conditioners (limited
to those it is mounted on
passenger cars (except those of 11
OF MOTe persons capacity))

Stationary refrigeration unit and

150 2023

condensing unit (except those of
the rated output of 1.5kW or less
COMPIessor)

Central
equipment (limited to those that

shipped to the
refrigerated warehouse for 50,000

1500 2025

system  refrigeration

are new 2019

3
nr or more)
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Table 2 The physical properties of HFOs and HFCs.

HFO-1123 HFO-1234yf HFO-1234z¢(E) HFC-32 R410A
Molcular weight [g/mol] 82.0 114.0 114.0 52.0 72.6
Boiling point [°C] -56 29 -19 52 5151+
Critical temperature [°C] 58.7 94.7 1094 78.1 713
Critical pressure [MPa] 45 338 3.63 5.78 490
Critical density [kg/m’] 510 476 489 44 459
Vapor pressure(0°C) [kPa] 1072 316 217 813 801/798*'
Liquid density(0°C) [kg/m’] 1126 1176 1240 1055 1170
Flammable range [vol%a] 10.4~2937" 62~123 7.0~95 133~29.3 None
Bumning velocity [ems] e 1.5 - 6.7
Atmospheric lifetime [Year] 1.6 Days 11 Days 18 Days 49
GWP(ITH=100) [CO~=1] 03" 4 6 675 2090
Ames test Negative Negative Negative Negative Negative
LCs [ppm] >200,000 >400,000 >207,000 >760,000
ASHRAE Classification - A2L A2L A2L Al
*1 Liquid / Vapor
*2 Measured by Advanced Industrial Science and Technology
*3 35°C, dry air
Table 3 The physical properties of AMOLEA®,
HFO-1123 [wt%] 40 45 50 55 60 R410A
HFC-32 [wt%) 60 55 50 45 40
Boiling point (Liquid) [°C] -57.1 -575 -57.8 -58.0 -583 514
(101.3kPa) (Vapor) [°C] -55.5 -56.1 -56.6 -572 577 514
Vapor pressure (Liquid) [kPa] 1012 1030 1047 1062 1075 801
(0°C) (Vapor) [kPa] 967 990 1013 1035 1056 798
Liquid density (0°C) [kg/m’] 1058 1059 1062 1065 1068 1,170
Vapor density (0°C) [kg/m'] 315 330 347 364 38.1 306
Flammable range [vol%] 11.5~259 112~259 11.0~258 10.8~25.8 10.6~26.1 -
GWP (ITH=100, CO=1) 405 371 338 304 270 2,090
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Fig.1 Temperature glide of HFOs/HFC-32 mixture.
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Table 4 The miscibility of POE oil with HFO-1123/HFC-32
mixed refrigerant.

The conc. of oil The separation temperature
10% Under -60°C
15% Under -60°C
20% Under -60°C
30% Under -60°C

Table 5 The chemical stability of POE oil with HFO-1123/
HFC-32 mixed refrigerant.

Type of refrigeration oils POE
Oil g 30

Refrigerant g 30

Test Temp. °«c 175
Aging date Hour 168
Color of oil (ASTM) LO.5
Acid number mgKOH/g 0.01

JURSFWFFE s 65(2015)

3.5 ZEFkSE TR

HFO-1123/HFC-32 (40/60wt%) {REIEARD IR
2B B HRERHI 2. WHEARREAkWO L — L7 3
YRV CHREE L7z, MERGMRE, JIS B 81651 [—
TaArF4var-H1H  HREPLTIV T4
3 F R — bR VT - B RE R O i RE IR
P M U 7B A CEMI L 72 B, TR
S BEEM ERESEIOZENERICB VT AL —
HEMHE (COP) 2K E %I TH#ELL 720
B R 2 Fig.2~412” ¥, Fig.2k b, @iET AL
F—HEE (APF) IZHFC-3212xF L TH96% & 7
5720 Fig3lZ/R3 M) JEAEEEH: 7 A T I HEC-
325 0 b# 8T, HFC-32THMEE 72 5, JEAite
Y EE 7S 153 2 i R H @~ 0@ O T RENE B
5o

HHEZOWTIE, FigdlRd@ by, HFC-32X
D H03MPas\ WMl & o720 B, AFHLERERIL
Ty 74 HERTH Y, RO X B PEREE
ML E R TWb,

110.0

100.0

100) [%]

90.0

80.0

APF (HFC-32

70.0 1

60.0

HFO-1123/HFC-32 HFC-32

Fig.2 The drop-in test result of HFO-1123/HFC-32 (APF).
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Fig.3 Drop-in test result of HFO-1123/HFC-32
(Compressor discharge gas temperature in rated
cooling operation).
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Table 6 The physical properties of HFOs and HFCs.
AMOLEA"-7d HCFO-1233zd(E) HFO-1234z¢(E) HFC-134a HFC-245fa

Molcular weight [g/mol] - 130 114 102 134
Boiling point [°C] 15 18.3 -19.0 -26.1 14.9
Critical temperature [°C] 155.8 165.5 1094 100.9 154.1
Critical pressure [MPa] 336 3.62 3.63 405 364
Critical density [kg/m’) 530 480 489 509 517
Flammable range [vol%] None None 7.0~9.5 None None
Atmospheric lifetime [Year] 21 Days™' 26 Days 18 Days 14 7.6
GWP(ITH=100) [CO~1] 53" <5 6 1430 1030
Ames test Negative Negative Negative Negative Negative
LCs [ppm] >213.100 120,000 >207,000 >500,000 >200,000
ASHRAE Classification - Al A2L Al Bl

*|Measured by Advanced Industrial Science and Technology
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Table 7 The miscibility of oil with AMOLEA®-7d.

Type of refrigeration oils The separation temperature
Mineral oil -16°C / Over +40°C
(Naphthene series)
AB oil Under 40°C / Over +40°C
POE oil Under 40°C / Over +40°C

Table 8 The chemical stability of AB oil with AMOLEA®-7d.

Refrigerant AMOLEA HFC-
*7d 245fa
oil g 30
Refrigerant g 30
Test Temp. i & 175
Aging date Hour 336
Refrigerant | Acidity ppm <1 <l
Oil Color of oil (ASTM) LOS LO5
Acidnumber  mgKOH/ 0.01 0.01
g
Metal SS mg <1 <1
Cu mg <] <]
Al mg <1 <1
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Table 9 Performance of AMOLEA®-7d.

Refrigerant AMOLEA"-7d
COP(HFC-245fa=100) 101
Capacity(HFC-245f2=100) 103
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