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Introduction

Hydrofluorocarbons (HFCs) were originally developed as refrigerant substitutes for ozone depleting substances such
as chlorofluorocarbons (CFCs) and hydrochlorfluorcarbons (HCFCs). However, HFCs have a relatively high global
warming potential (GWP) so in an effort to consume less HFCs, AGC Chemicals launched a next-generation
refrigerant, AMOLEA™ 1224yd, with the goal of reducing environmental impact.

AMOLEA™ 1224yd is a non-flammable refrigerant consisting of R1224yd(Z), for use in centrifugal chillers, binary
cycle generators and waste heat recovery pumps. With an Ozone Depleting Potential (ODP) of almost zero and a
GWP value less than 1, it has little impact on the natural environment. Given that its physical properties match
closely those of R245fa and R1233zd(E), it is suitable for retrofitting to existing equipment without major changes
of equipment design.

With improved chemical and thermal stability compared to R123, HFOs and HCFOs it also offers good compatibility
with most metals, plastics, lubricating oils and elastomers. AMOLEA™ 1224yd is ideal for use as an alternative to or
replacement for R245fa and R123, since its comparable performance is equivalent or superior. It also offers
considerable energy savings.

AGC continuously collaborates with equipment manufacturers to improve refrigeration, freezing and air
conditioning products to ensure the lowest possible impact on the environment.

Features

O Low Global Warming Potential (GWP) < 1*

O Almost zero* Ozone Depleting Potential (ODP)
O Chemical & thermal stability

O Good performance Non- Almost

O Low toxicity flammability zero ODP*
O Non-flammability

Low GWP

O Good compatibility with metals, plastics,
lubricating oils & elastomers AMOLEA™

O ASHRAE certification A1 1224yd

L Low Toxicit Stabilit
Applications J y
O Centrifugal chillers
O Blowing agent for urethane foaming Good
O Heat pumps Performance

O Binary cycle power generation

O Rankine cycle power generation
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*Measured by the Japanese Institute of Advanced Industrial Science and Technology (AIST)




Refrigerants over the Years

Montreal Kyoto Kigali
Protocol Protocol Agreement
I I I
1965 1987 1997 2016

15t generation ~1995 High ODP, High GWP
2"d generation ~2020 Low ODP, High GWP
34 generation Zero ODP, Low GWP

4™ generation (HFOs,HCFOs)

(Low or) Zero ODP, (Very) Low GWP
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AGC Fluorinated Gases History
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R245fa

R1234yf

AMOLEA™ 1224yd
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The Concept of AMOLEA™ 1224yd

Protect Ozone Layer

OIMoOLEA.

AMOLEA™ 1224yd saturated vapor pressure is a little lower than that of R245fa. Therefore, refrigerants can be replaced
without making changes to the design pressure of R245fa.
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Prevent Global Warming
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Thermal Stability

AMOLEAT™
1224yd

Refrigerant R245fa
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Test time
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Lubricants

AMOLEA™ 1224yd is miscible with refrigeration oils, such as POE (used with HFC refrigerants
at arbitrary temperatures) and also with naphthenic oils that are used with HCFC refrigerants
at various temperatures.

AMOLEA™ 1224yd performs well with these lubricants and others, even with concomitant air
or moisture.

Lubricant manufacturers can offer advice about the possible need to use stabilisers, anti-abrasion
agents or other additives depending on the operating conditions.

Naphthenic
mineral oil

Alkyl

Lubricants .
benzene oil

Low
temperature
High

temperature

-16°C

Amolea™ 1224yd
mutual
miscibility
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Compatibility with Plastics

LDPE [ I— Test_Conditions (50°C for 120hrs):
- Refrigerant: 60g
Polypropylene 0 Test Piece: 25 x 30 x 2mm
ABS
- h [ | R245fa
Acrylic Dissolved I AMOLEA™1224yd
Nylon 66 o)

Polycarbonate .0

PTFE | -
Phenolic resin %o
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AMOLEA™ 1224yd Physical Properties
Chemical name (2)-1-Chloro-2,3,3,3,-Tetrafluoropropane
Molecular formula (Z)-CF3-CF=CHCI
Molecular weight 148.5 g/mol
Normal boiling point (101.3kPa) 14°C
Critical temperature 156°C
Critical pressure 3.34 MPa
Critical density 527 kg/m3
LC50 213,000 ppm
Atmospheric lifetime 20* days
ODP 0.00023*
GWP <1
Flammable range none

Comparison of Grades

AMOLEA™

Unit R123 R245fa 1224yd R1233zd(E)
Molecular formula CHCI,CF; | CRCH,CHF, | CF;CF=CHCl | CF;CH=CHCI
Molecular weight g/mol 152.9 134.0 148.5 130.5
Normal boiling point (101.3kPa) °C 28 15 14 18
Critical temperature °C 183.7 153.9 155.5 166.6
Critical pressure MPa 3.66 3.65 3.34 3.62
Critical density kg/m3 550 519 527 480
Freezing point °C -107 -105 -115 -107
Vapour pressure (25°) kPa 91.4 149 149 130
Vapour density (25°) kg/m3 5.87 8.55 9.47 7.19
Liquid density (25°) kg/m3 1464 1339 1361 1263
Latent heat of vaporisation (25°) | kl/kg 171.4 191.2 164.0 191.8
Heat capacity ratio (25°C, 1atm) - 1.445 1.094 1.098 1.104
Solubility of water (25°) ppm 632 1600 290 460
Volume resistivity Q-cm 1.5x108 2.0x10° 5.7x10° n.d.
Flammable range vol% none none none none
ODP (CFC-11=1) - 0.02 0 0.00023" 0.00024
GWP (CO=1,100TH) - 77 1030 <1 1
Atmospheric lifetime - 1.3 years 7.7 years 20 days 26 days
AEL ppm 50 300 1000 800
ASHRAE classification = B1 B1 Al Al
CAS no. - 306-83-2 460-73-1 111512-60-8 | 102687-65-0
TSCA = registered | registered applied registered

*Measured by the Japanese Institute of Advanced Industrial Science and Technology (AIST)

**V/alue confirmed by the Occupational Alliance for Risk Science (OARS) using Workplace Environmental Expésure Levels (WEELS) :




Worldwide Contacts

AGC Chemicals Europe, Ltd.
Commercial Centre

World Trade Center
Zuidplein 80

1077 XV Amsterdam
Netherlands

Tel: +31 20 880 4170
WWw.agcce.com

AGC Chemicals RUS

Russian Federation, 121596
Moscow, Gorbunova Street 2
Grand Setun Plaza, Bldg. 204, BC
5th Floor, Block B, Office B 504
Tel: +7 918 555 34 37
www.agcce.com/rnaBHas

AGC Inc.

AGC Chemicals
1-5-1, Marunouchi
Chiyoda-ku

Tokyo 100-8405
Japan

Tel: +81-3-3218-5875
Www.agc.com

AGC Chemicals South America
Al. Min. Rocha Azevedo 38/1004
01410-000 Sao Paulo

Brazil

Tel : +55 11 3373-9994
www.agcbrasil.com

AGC Chemicals Americas, Inc.
55 E. Uwchlan Avenue

Suite 201

Exton, PA 19341

USA

Tel: +1 610-423-4300
www.agcchem.com

AGC Asia Pacific Pte. Ltd.
460 Alexandra Road
#30-01 PSA Bldg.
Singapore 119963

Tel: +65-6273-5656
Www.agc.com

AGC Chemicals Trading (Shanghai) Co., Ltd.
Room 2701-2705, Metro Plaza

555 Lou Shan Guan Road

Chang Ning Ward, Shanghai

China 200051

Tel: +86-21-6386-2211

www.agcsh.com

AGC Chemicals (Thailand) Co., Ltd.
24th Floor

Bangkok Insurance Bldg.

25 South Sathorn Road

Bangkok 10120

Thailand

Tel: +66-2-679-1600
www.acth.co.th






