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CEO Message

Dear Customers,

CFCs and HCFCs have been used extensively in major refrigeration and air-conditioning applications for the past few
decades. These refrigerants, however, were known to be responsible for the stratospheric ozone layer depletion and
hence in 1987 'Montreal protocol' was signed for the control of 0zone depleting substances(0ODSs) and now most of the
countries are subject to the rules of the protocol for various activities related to the ODSs. For the past few years, non
ozone depleting HFC refrigerants have been developed and applied to some fields. The Kyoto Protocol of 1997 for the
climate change, however, defined HFCs as one of the greenhouse warming substances.

Therefore, at present there is a growing consensus that HFCs will not be used in refrigerations systems in the long run.
In order to solve these environmental problems fundamentally, natural refrigerants should be used.In fact, to reflect
this trend isobutane hydrocarbon refrigerant(R600a) has been used extensively for refrigerators in Europe and Japan.
Korea also adopted isobutane for this purpose. Recently, many multinational corporations such as Coca Cola company
announced that they will not accept refrigeration equipment charged with HFCs for their products in an attempt to
protect the global environment.

Hydrocarbon refrigerants are natural fluids with no ozone depletion potential(ODP). They also offer very low global
warming potential(GWP) of 3 while those of HFCs are 1,300~4,400. They also offer other advantages such as 40~50%
reduction in charge, 5~10% increase in energy efficiency, also 'drop-in' capability without requiring major system
changes. Even conventional lubrication oils such as mineral oil can be used without any problem. Proudly, MK
refrigerants were listed by ASHRAE(American Society of Heating, Refrigerating and Air Conditioning Engineers,INC.) as
proper refrigerants in various applications in Feb. 2007. MK Chemical is a leading hydrocarbon manufacturer producing
both pure and mixed hydrocarbon refrigerants of more than 99.9% purity. We are dedicated to meet all the needs of
various customers and eventually will become a leading environment conscious company for the wellbeing of mankind.

Thanks,

CEO Choul-Hyun Park
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MK Chemical!

A Leader in Environmental Protection
and Wellbeing Living
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History of MK Chemical

2002.05 Company Established

2004.11 Started commercial production

2005.06 Delivered to LG Electronics Korea

2006.06 Delivered to Daewoo Electronics Korea
2007.01 Delivered to Samsung Electronics Korea
2007.01 MK alternative refrigerants listed by ASHRAE
20170.10 Delivered to LG Electronics Indonesia Corporate
2012.03 Delivered to Mitsubishi Electronics

2012.07 Delivered to Samsung Thai Corporate

2012.09 Delivered to home appliance manufacturers in Iran
2012.11  Delivered to Samsung Electronics Mexico Corporate
2014.01 Transferred head office and factory (Gongju)

Technology of MK

2000.02 Adsorptions Separation and Purification
Apparatus and process for High Purity
Isobutane Production

2005.08 R12 Substitute mixed Refrigerant and
Refrigeration system using thereof

2005.08 R12 and R22 Substitute mixed Refrigerant and
Refrigeration system using thereof

2007.07 MK alternative refrigerants listed by ASHRAE

2016.09 Connecting device for refrigerant injection

MK Chemical ¢i&

2002.05
2004.11
2005.06
2006.06
2007.01
2007.01
2010.10
2012.03
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R290 1Az =z 24Ul /99.5%
High Purity Propane Pure Refrigerant

R600a & ojAREr a4Linf /99,9%
High Purity Isobutane Pure Refrigerant

Characteristics / S% Applications / &7|7| O Characteristics / E%

e Refrigerator/freezers

® Display showcases

® Aerosol propellant

® Precision cleaning agent

Applications / H27|7|

® Residential air—conditioners

® |ndustrial air—conditioners and refrigerators
e Commercial display showcases

® Building chillers

® High purity of more than 99.9%
(Competing companies' purity is typically less than 99.5%)
e System reliability improvement due to high purity
® 50% reductions in charge compared to CFC12
® Mass production capability

® High purity of more than 99.5%

® System reliability improvement due to high purity

® 50% reductions in charge compared to HCFC22 and HFC407C
® Mass production capability

® Technical consulting available

® Technical consulting available o ABIHY ddw * No harmiul ingredients in aerosol use * A0 dofzt

* No harmful ingredients in aerosol use o AFHOIA o Low purity of less than 99.5% available o MAUZ S WY A

* Patented manufacturing technology o 2AR - UE, SIEE, W e Patented manufacturing technology * SEE L0l

s Oil removed ultra high purity product available o MEH, MAH, 47| 59 #& 7tA o S8 W UelH S UHH=2 2y

® HCFC229} HFCAO7C CHA| o
o 2 095% 04
o 40|02 HE AAEIO| AMZ|A BHAF
Packaging / EECEQ| ® HCFC229t HFC407C ChH| £732 50%
o QEZTIR|SE 0, KIF2HSHRISE 30[5101 ZIEHEN Al
T2 ME0|SE AARY| L7 BTt

o 25 - 8kg, 50kg
EAR HEA A | 712 wetdE Hol S e #3 - Ton Cylinder, ISO TANK

CFC122t HFC134a2) CHAI0H

* &5 99.0% 01 (ERAL HIZQ == 99.5% 014R)
TEE0[E2 UF ALY MY Y

CFC129} HFC134a2] Cht| 712 50%

QESLIR|E 0, XTI 30[6121 ZIgHzA! dof
Tk HE0|22 ALY Uy 57t

* I Yoz (et 5 80|

o AR HE Al QIF| & 1Y FotdE T S

Packaging / =&THY

e Cylinder : 8kg, 50kg
® Bulk : Ton Cylinder, ISO TANK

e Can : 480g, 360g, 979, 65¢g, 259
e Cylinder : 10kg, 50kg
® Bulk : Ton Cylinder, ISO TANK

o Mo HE JKs, FZA| 0|8 e 71— 4809, 360g, 979, 659, 259
'Xlﬂﬂ’“E ofH AR e A2IH - 10kg, 50kg
SQENH 20| £71E 2T ME oy (E7F69)) e H3 - Ton Cylinder, ISO TANK

Physical Properties / 2Ax| H|2 Physical Properties / 24%| H|

ITEM /=2 mk R600a R12 R134a ITEM /312 mk R290 R22 R407C
1. Molecular weight / £Xt2F (kg/kmol) 58.1 120.9 102.0 1. Molecular weight / £XZF (kg/kmol) 441 86.5 86.2
2. Normal boiling point / HIS& (C) -11.8 -29.8 —26.1 2. Normal boiling point / HIS& (C) —42.1 —40.8 -43.6
3. Heat of evaporation / ZSLU&EH (kJ/kg)" 355.7 152.8 198.6 3. Heat of evaporation / &< (kJ/kg)"” 3745 205.0 208.8
4. Temperature glide / =74l (‘C)? 0 0 0 4. Temperature glide / 2&=7HH (¢)? 0 0 7
5. Liquid density / ™= (kg/m?)© 531 1254 1147 5. Liquid density / ™= (kg/m®)® 467 1129 1068
6. Coefficient of performance / A&74 (COP) 1.41 1.55 1.50 6. Coefficient of performance / ds7i4 (COP) 2.53 2.88 2.79
7. Volumetric capacity / M&&2f (kd/m°) 359 809 743 7. Volumetric capacity / MX&2F (kd/m) 2961 3565 3776
8. Discharge temperature / EE2% (C) 84.1 103.4 97.0 8. Discharge temperature / EE2% (C) 80.4 98.2 90.6
9. Flammability / 7+4 Y/ US N/ el& N/ els 9. Flammability / 7+ Y/ U= N/ elg N/ el&
10. Toxicity / =& N/ eig N/ eig N/ eig 10. Toxicity / =4 N/ eig N/ eis N/ eig
11. Operating Temperature / 2=AFRREHL|('C) —20~5 —20~15 —20~15 11. Operating Temperature / 2=AFZH2|(C) —12~22 —12~22 —12~22
12, ODP / 2ZLt1|X|4=(ODP) 0 0.9 0 12. ODP / @Zm}tn|X|4=(0DP) 0 0.05 0
13. GWP / X| 7225 EK|4(GWP)Y 30|35} 8500 1300 13. GWP / X| 723K |4=(GWP)“ 3015t 1700 1370
14, Lubrication oil / &% Mineral / O|UHZH(&R) Mineral / O|HZH(&R) Ester / OIAHIZ 14. Lubrication oil / &% Mineral / DO|UIZH(&R) Mineral / O|UZH(&R) Ester / OlAEIZ

(1) AtOT (2) At 101.3kpa, 20C  (3) At 40T  (4) Relative to CO2 for 100 years integration
(1)0T 71Z (2) 101.325kpa, 20C 71& (3) 40C 7IZ  (4) 10047 O|MBIEIAS J|ZFO 2 H|wW St 2

(1)
(1)

At0C (2) At 101.3kpa, 20C (3) At 40°C

(4) Relative to CO2 for 100 years integration
0C 7I& (2) 101.325kpa, 20C 7|1& (3) 40C 7|& (4) 1007 O|ABIEIAZ 7|Z0 2 H|mSt 7ol



R430A (o2 ASHRAE 91=) 72E 'Drop~in R134a & R12 CH|4of

(ASHRAE Listed) High Purity ‘Drop—in’ Alternative Refrigerant for R134a & R12

Characteristics / EXl

® No need to change compressor, heat exchangers
(evaporator & condenser), and oil
® 40 ~ 45% reductions in charge and 5% increase in energy
efficiency compared to R134a & R12
e Near—Azeotrope with a small temperature glide of 0.01°C
— No change of the composition in the event of refrigerant leak
® No ODP, GWP=107 compared to CO2
(environmentally friendly products)
® Can be used at a wide range of temperatures
® High purity of more than 99.9% — Increases a durability of the system
® Available in disposable cans
® Patented

e 'drop—in' CHAH[O|22 UZ7| RER, Swe|S57], BL7I)Q| w7t 2R eis
® R134a, R12 Ci{t| Ao 2k 45~50% ZA, OLIX| E8 5% 04 B7+

o 2744 0,01°CO! Z2H|S Y

o QEMIK|4E 0, KIFL2UEK|4= 107 (RISHAX Hoy)

o 2TALZHR7} 7= ool HisH HoO2 AXANNE Hs FAI

o D& HIE 99.9%014, AJARIS| LY Z7t

o HO2 K& 7t5, 75 Al B0

- S ER

Physical Properties / 28X H|u

Applications / H27|7|

® Mobile air—conditioners
e Refrigerator / freezers
® Display showcases

o XiS% ofofzt
« ABIE YED

o AF0]A

Packaging / Z&THY

e CAN — 360g, 480g
® Cylinder — 10kg, 80kg
e Bulk — Ton Cylinder, ISO TANK

e 71 - 360g, 4809
e A2 - 10kg, 80kg
e H3 — Ton Cylinder, ISO TANK

R431A (0|2 ASHRAE 91Z) 2% 'Drop—~in R22 CHH[HoH'
(ASHRAE Listed) High Purity ‘Drop—in’ Alternative Refrigerant for R22

Characteristics / EX

® No need to change compressor, heat exchangers
(evaporator & condenser), and oil
® 50 ~ 55% reductions in charge and 5% increase in energy
efficiency compared to R22 and R407C
® Near—Azeotrope with a small temperature glide of 0.06°C
— No change of the composition in the event of refrigerant leak
No ODP, GWP=43 compared to CO2
(environmentally friendly products)
® Can be used at a wide range of temperatures
® High purity of more than 99.9% — Increases a durability of the system
® Patented

o 7|Z9| R22 U RA07CO| ‘drop—in' CHA| LA
drop-in' CHAI0|22 Y%7, &R, ue7(S57], 3Y7)Q wA7t Ee oS
R22 & RA07C CHH| WO S72F 50~55% 24, Ol|LiX| &8 5% 04 Z7t
o R22 2 RAO7C CHH| YZ7| EES 2 10T ZAR 0I5 ME|A ShA
o 2 7Y 0,06°C2! ZZH|Z By
o QEMIX|eE= 0, KPR S 43 (R2HEX Yoy

o D22 HE 0.0, AIAHL| 7Y 571

o S5 EQ

Physical Properties / 2X| H|u

Applications / H27|7|

® Residential air—conditioners

® |ndustrial air—conditioners and refrigerators
e Commercial display showcases

® Building chillers

Packaging / ZXCH
e Cylinder — 9kg, 50kg
® Bulk — Ton Cylinder, ISO TANK

o AZI0 - 9kg, 50kg
e H3 —Ton Cylinder, ISO TANK

ITEM /12 R430A R134a R12
1. Molecular weight / £Xt2F (kg/kmol) 63.96 102.0 120.9
2. Normal boiling point / BIS& (C) —27.6 —26.1 —29.8
3. Heat of evaporation / &S (kJ/kg)"” 300 198.6 152.8
4. Temperature glide / =74l (‘C)? 0.01 0 0
5. Liquid density / ™= (kg/m?)© 724 1147 1254
6. Coefficient of performance / A&74 (COP) 1.75(3.03) 1.50(2.67) 1.55
7. Volumetric capacity / MX&2F (kd/m?) 868(2414) 743(2257) 809
8. Discharge temperature / EES2% (C) 101.7(84.9) 97.0(82.1) 103.4
9. Flammability / 7+4 Y/ US N/ els N/ els
10. Toxicity / S N/ eig N/ eis N/ s
11. Operating Temperature / 2E=AFRE2|(C) 0 0 —20~15
12, ODP / 2Z&mt1|X|4~(ODP) 0 0 0.9
13. GWP / X| 7225 EK|4(GWP)Y 107 1300 8500
14, Lubrication oll / 88 e P L as TEE™. | esier, paG / oflaeliz, PaG Mineral / DI/ E(&R)

(1) At0c  (2) At 101.3kpa, 20C  (3) At 40C  (4) Relative to CO2 for 100 years integration (') MAC condition
*

(1)0c 7I& (2) 101.325kpa, 20C 71& (3) 40T 7|& (4) 1007t OJASIEIAS 7|ZOZ H|w

ITEM /2 R431A R22 R407C
1. Molecular weight / £XZF (kg/kmol) 48.8 86.5 86.2
2. Normal boiling point / BIS& (C) —43.1 —40.8 —43.6
3. Heat of evaporation / SLEE (kJ/kg)" 337.2 205.0 208.8
4. Temperature glide / =74l (C)? 0.06 0 7
5. Liquid density / ™= (kg/m?)® 524 1129 1068
6. Coefficient of performance / 4574 (COP) 2.75 2.88 2.79
7. Volumetric capacity / MXE2F (kd/m°) 3551 3565 3776
8. Discharge temperature / EE2% (C) 81.4 98.2 90.6
9. Flammability / 7+ Y/ US N/ & N/ el&
10. Toxicity / =& N/ Sig N/ Slig N/ Slg
11. Operating Temperature / 2=ALEH2|(C) 0 0 —12~22
12. ODP / QZm}t1|X|4=(0ODP) 0 0.05 0
13. GWP / X|7-2tEX|4=(GWP) 43 1700 1370
14. Lubrication oll / S&% B vt Mineral / DIUIZH(&S) Ester / O AE2

(1) AtOoc  (2) At 101.3kpa, 20°C  (3) At 40C  (4) Relative to CO2 for 100 years integration
(1) 0T 7I& (2) 101.325kpa, 20 7|1& (3) 40T 7I& (4) 1007 O|MBIEIAS 7|02 H|w

o 2y



II‘II( ASHRAE Listed New Refrigerants

(R430A, R431A)

O Use Instruction

* Recover the existing refrigerant in the system.

* (Check the system for leaks or defective components. If a leak is detected, the system must be repaired before charging. Leak test should

be done by an electronic hydrocarbon tester or soap bubbles

* If welding is needed, release all refrigerant from the system before welding. (mk refrigerants are flammable.)

* Draw through vacuum in the system. (less than 5kPa)

* Purge the air from charging hose each time refrigerant is added.

* Do not run compressor without refrigerant in the system.

* Do not charge system through the high pressure side.

* When charging mk refrigerants to the system, turn the cylinder upside down so that liquid can be charged.

* When the refrigerant does not go into the system anymore, stop charging and run compressor.

* Check charge amount. (cf. Table 1)

* Itis recommended to use the digital scales.(Digital scales save a great deal of time and help to prevent refrigerant overcharging)

* Check the pressures of high and low sides. (cf. Table 2)

* (Check the superheat and subcooling temperature.
* To use the cylinder more effectively, tumn it upside down (as liquid phase)
* New refrigerants(R430A, R431A) are compatible with any refrigerant lubricant. However, we recommend the system flush and a use of

mineral oil in all systems.

* DO NOT OVER CHARGE!! It may cause a severe damage to the compressor. Let the system run for several minutes before adding more

refrigerant.

* Check MSDS(Material Safety Data Sheet) for other information.

O Table 1. Charging Amount of New refrigerants

Traditional Refrigerant % New Refrigerant %
R12 100 R430A 45~50
R134a 100 R430A 55~60
R22 100 R431A 45~50

O Table 2. The Low and High side Pressure Standards of New refrigerants

Traditional Refrigerant Low (%) High (%) New Refrigerant Low (%) High (%)
R12 100 100 R430A 85~90 95~100
R134a 100 100 R430A 100~105 95~100
R22 100 100 R4A31A 95~100 95~100
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O Characteristics / %! O Applications / H£7]7|
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* HFC& o A SI5I LIRIZ7 (ol o3t S o 0l : KISR0, ARIBUHT, IIHBHET, He7IQ)

R1 348, R41 OA, R1 523, R404A, R407C 9-' o M20M= & 6.8kdf/cm29| B 22 o Iy | Z3| A (Polystylene), 22|22 (Polyurethane) =

o 3712t EYL0IE 213t ZHo| 20| gl= 24 7tA o EAMA| © Aerosol 2AHK|
% | o|AE E|- (-- = 95%0 ILI-) * ODP7} 02! R-122] CHHI 0
* HFO—1234yf
« OEIE22I0|=E (EE20E)
— — O Packaging / Z&TH
x M oj|E} (dk
tO|ZL 2 HIE ( Eix‘ll) o 74 (Car) : 130g, 160g, 180g, 200g, 230g

« Aloi A o AI2IL (Cylinder) : 13.6kg (15187]), 100kg

7 I EI. —_EHO 7|.— e H3 (Bulk) : Ton Cylinder, ISO TANK

Physical Properties / 24x%|

ITEM/ 32 R134a

1. Molecular weight / £X2F (kg/kmol) 102.0
2. Normal boiling point / HISHE () —26.1
3. Heat of evaporation / Z2% (kJ/kg)™ 198.6
4, Temperature glide / =744 (C)? 0
5. Liquid density / U= (kg/m?)? 1147
6. Coefficient of performance / &S 7|4 (COP) 1.50
7. Volumetric capacity / #|Z&2F (kJ/m?) 743
8. Discharge temperature / EE2% (C) 97.0
9. Flammability / 7114 N/Slg
an Refrigerants for Environmental Protection 10. Toxicly / =4 N/ ge
11, Operating Temperature / 2=AFZHR|(C) —20~15
12. ODP / 2&1Lt1|X|4=(ODP) 0
13. GWP / X|F-23tX|4=(GWP)“ 1300
14. Lubrication oil / &% Ester / H|AHZ

(1)0C 7IE  (2) 101.325kpa, 20T 7IE  (3) 40C 7|& (4) 1007t OIASIHAE 7|ZEOR H|wWE 24



R410A

O Characteristics / E%
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Applications / H27|7|

o 2, 3, e oflof

o AIA%S ofofzt

® R32: R125(50:50 wi%)2| SAIEH| Z&HHA0H o W= WXL MR|
° DEOIYM ZAEUYSEHFCLH)
Packaging / ZZTH
o A2IM (Cylinder) : 11.3kg (12/27])
e 23 (Bulk) : Ton Cylinder, ISO TANK
Physical Properties / 28X H|u
ITEM /2 R410A R22
1. Molecular weight / Xk (kg/kmol) 726 86.5
2. Normal boiling point / HISH (C) -51.95 -40.8
3. Heat of evaporation / SEEHE (kJ/kg)" 180 205.0
4. Temperature glide / 2= (C)? 0.07 0
5. Liquid density / L= (kg/m’)® 979 1129
6. Coefficient of performance / A57|4 (COP) 3.69 414
7. Critical Temperature / YARE (C) 71.47 96.15
8. Critical Pressurere / 2AIY& (Mpa) 4923 4.99
9. Discharge temperature / EE2E (C) 725 70.3
10. Flammability / 7+&14 N/ 8iZ N/ Sl&
1. Toxicity / =4 N/ 2 N/ g
12, ODP / @Z1t1|X|4=(ODP) 0 0.05
13. GWP / X2 3tX|~(GWP)* 1.730 1700
14, Lubrication ol / &% Ester / OfAHZ Mineral / O|U[ZH(ZR)

(1)0c 7I& (2) 101.325kpa, 20T 7I& (3) 40T 7I& (4) 1007} OJMSIEIAE 7|EO 2 H|WE

R152a

O Characteristics / EZ!
o = 999% O XMIZ

Applications / H7|7|
o 7P 3 MR HHEIR|

o XISXt o012

o SALA| (Air Duster)

Packaging / ZXICH
o AMZIC (Cylinder) : 100kg

=
o H3 (Bulk) : Ton Cylinder, ISO TANK

Physical Properties / 24X
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Packaging / ZXCH
o A2 (Cylinder) : 10kg, 50kg

=
e H3 (Bulk) : Ton Cylinder, ISO TANK

7IE N~ ] 20| £, 580

ITEM /| £ R152a Butane / O|ASEL

1. Molecular weight / £Xt2F (kg/kmol) 66.1 58.1
2. Normal boiling point / HIS& (C) —24.7 -11.8
3. Heat of evaporation / ZLEES (kJ/kg)” 307.1 355.7
4, Temperature glide / 2=l (C)? 0 0

5. Liquid density / UHZE (kg/m?)? 113.5 531
6. Coefficient of performance / &4 (COP) 2.69 1.41
7. Volumetric capacity / &|&&2F (kJ/m?) 680 359
8. Discharge temperature /| EER= (C) 101.7(84.9) 84.1
9. Flammability / 7HHA Y/ U2 Y/ US
10. Toxicity / =4 N/ Sl N/ gl
11, Operating Temperature / 2E=AF2HL|(C —20~5 -20~5
12. ODP / QZ&1}2|X|4(ODP) 0 0
13. GWP / X|7-231X|4(GWP) 140 30[at

(1) AtOT (2) At 101.3kpa, 20C  (3) At 40T

(4) Relative to CO2 for 100 years integration

(1)0c 7I& (2) 101.325kpa, 20T 7|& (3) 40°C 7|F (4) 1007t O|MSIELAS 7|FOZ H|wEH 7t




