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Table 1 Physical Properties and Environmental Performance of Various Blowing Agents

Classification Physical .
Chemical
Abbr. HFCs HFO
HFC-245fa HFC-365mfc ~ HFO-1233zd(E) HFO-1336mzz H,0
CAS# 460-73-1 406-58-6 102687-65-0 692-49-9 7732-18-5
R H H c_H H H H,0+2NCO
Formula F>_<CF3 F?_< H>_<CF3 FsC HCF3 —Urea+CO,
M.W. 134 148 131 164 18
Physical Properties (for CO,)
Boiling Point ~ [*C] 15 40 19 33 =79
Flash Point ['C] None =27 None None None
ODP 0 0 0 0
GWP, 100yr 1030 7942 v v 19
Lambda [mW/mK] 12.5¢) 10.59 10.29 10.7¢) 16.49

a) IPCC 4th Assessment Report WG1. Feb. 2007
b) IPCC 5th Assessment Report WGL. Jan. 2014
¢) Gas Phase Thermal Conductivity at 25°C

d) Gas Phase Thermal Conductivity at 20°C
ODP : Ozone Depletion Potential

GWP : Global Warming Potential
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Fig. 2 Degradation Reaction of HFO-1233zd (E) by Tertiary Amine

Table 2 Characteristics of Various Amine Catalysts in HFO blown System

Type of Amine Tvoical F 1 Catalytic Activity |  pront.end Storage
Catalyst ypical Formuia Blow Gel Reaction Stability
| |
/NV\I?/\/N\ High Low Excellent Poor
/\
Conventional N§|/N\ Low High Poor Good
[KNJ Low High Poor Poor
. |
Eltiir&z?g O/ N\O Low Low Poor Excellent
. oo oo o
Acid Blocked | 7N, & FCO0m = RAGH KC0O High Low Poor Good
amine acid inactivated




Wy — 7% - el 5 61 (2017) 121

WHTRLGEALA] (HFO 73 @SOS E AL &2 R L7z, VL&Y Tk — LT TRHI U 72, FEVRAER KX ORY
Z D%, B E Al &5 3k T I Y OfHE RIb% JiGRER D S % Table 4 (2737,
i b U Ty BB 7z e (L Al TOYOCAT - SX60 % %

L,
5. TOYOCAT -SX60 D434
. = 5 (1] 73 U aif MR ICH (T 250
| Fig. 3 DTl 2 F — 2 12660, FFEROK ) =)L,
BH¥& L 7= TOYOCAT-SX60 % Table 3 (2784 8 R HFO. A HEEIAN U TRINT % 7 3 Vil A %%

Table 3 Formulation for Storage Stability Evaluation of Premix

Recipe A Recipe B

Composition [pbw] [pbw] OHV[mgKOH/g]
Polyether Polyol 100.0 — 447
Aromatic Polyester Polyol — 50.0 319
Mannich Polyether Polyol — 50.0 349
Water 2.0 1.0 6228
Silicone Surfactant 1.0 1.0 -
HFO0-1233zd(E) 15.0 40.0 —
Amine Catalyst varied varied -
Metal Catalyst — varied -

NCO Index NCO Index NCO content (%)
Polymeric-MDI 100.0 110.0 31.0

Table 4 Testing Conditions for Premix Stability Evaluation

Foaming Conditions, Hand-Mixing Recipe A Recipe B

Liquid Temp. [’C] 20 15

Mixing Speed [rpm] 6000 6000

Mixing Time [sec] 3 3

Molld Type — PE Cup PE Cup

Mold Volume [mL] 1000 1000

Storage Conditions for HFO containing Polyol Premix

Temperature ['C] 40 50

Closed Container — SUS304, Pressure Bottle SUS304, Pressure Bottle

Premix

®Polyol ®Foaming Test
®H0 (CT/GT, Density)

®Surfactant
_’E ®Foaming Test

®HFO0-1233zd (E)
@ Catalyst
(CT/GT, Density)

Hand-Mixing
Compatison MDI Foaming
Oven V‘
®Storage > 7
g (Accelerated Aging) — _'
Heating Hand-Mixing

Fig. 3 Flow Diagram for Premix Stability Evaluation
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Table 5 Results of Stability Testing with Various Amine Catalysts

Amine Catalyst Conventional Acid Blocked SX60
Dosage [pbw] 45 20.7 14.6
Cream  [sec] 5 3 P — 5 :
Oday Gel [sec] 32 29 30
Density [kg/m?3] 33 17 — 31
Cream [sec] 7 4 5
7days Gel [sec] Collapse Collapse @ H ; 32
Density [kg/m?l| 106 28 | e 33
Cream [sec] 14 13 s | 8
28days Gel [sec] Collapse Collapse ST e 3 | 39
Density [kg/m?l| 86 i e e 35
Cream  [sec] 22 20 8
42days Gel [sec] Collapse Collapse Stop Evaluation 38
Density [kg/m?3] 64 — 37
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Table 6 Compatibility between Amine Catalyst and Metal Catalyst

Bi Catalyst

Zn Catalyst

K Catalyst

K Catalyst

B
(DEG=25wt%)

A
(EG=62wt%)

KCatB
Acid/Amine
(50/50)

Bi Cat Zn Cat KCatA
BIOC-ked Acid/Amine Acid/Amine Acid /.:mine
Amine (50/50) (50/50) 50/50)
(Acid/Amine) S
Poor Poor
Bi Cat KCatA
SX60 SX60
SX60 (50/50) (50/50) (50/50)

OK

OK

KCatB
SX60
(50/50)

OK
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[Table Legend] : OK : Uniformly dissolved, Poor : Suspended, NG : Gelation or Precipitation
EG : Ethylene Glycol, DEG : Diethylene Glycol
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Fig.5 Change in Cream Time [Storage at 50°C]
(Combination Use of Amine/Metal Catalyst)
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