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Table [0 Foam Formulations

Components System A System B System C System D
O pbw( [ pbw(J 0 pbw(J O pbw(
Arom Polyester Polyol A 10 70.0 | O O
Arom Polyester Polyol B 201 0 80.0 0 0
Arom Polyester Polyol C 30 O O 100.0 100.0
Polyether Polyol A 40 20.0 O O 0
Polyether Polyol B 50 10.0 O O 0
Polyether Polyol C 60 0 20.0 0 0
Surfactant A 15 O O O
Surfactant B 70d 0 2.0 O 0
Surfactant C 80 O O 2.0 2.0
Flame retardant 90 O O O 15.0
HCFCI141b 40.0 O O O
ndPentane 0 00 16 O 110 25
Cyclopentane 0 O 00 16 0
Water 2.0 0.500 6.0 0.500 6.0 0.500 6.0
Catalyst varied varied varied varied
Isocyanate 100  indexO 250 indexd 180 index] 200 index 20001 450

0 O Phthalic Anhydride based, PL305: Toho Rika Kogyo, OHV[ 327mgKOHIg
0 OPET based, TEROL280: Oxid L.P.,OHV[ 115mgKOHIg
0O OPET based, TEROL588: Oxid L.P.,OHV[ 241mgKOHIg

0 O Aromotic amine based, OHV 470mgKOHIg

[0 [0 Sucrose based, OHV[ 456mgKOHIg

0 O Sucrose based, Actcol SGI360: Mitsui Chemicals Polyurethanes, Inc., OHVO 375mgKOHIg
0 O Niax Silicone LI6900: Momentive Performance Materials

[0 0 Sz01627 : Dow Corning Toray Co., Ltd.

0 O Tri§l chloropropylOphosphate, Fyrol PCF: Akzo Nobel N.V.
1000 MRI200 : Nippon Polyurethane Industry Co.,Ltd.,NCO content[ ca. 31[]
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Tabled O Evaluated Catalysts

Abbreviation

Description

Chemical Formula

Quaternary ammonium salts

TrimethylO 20 hydroxypropylCl

[¢}

HO. |
CatalystlA ammonium 20ethylhexanoate, ’i'@— eo)l\(\/\
75wt in EG
Trimethyl 20 hydroxypropylC HO lo
CatalystlB ammonium Formate, j/\’]‘_ RISESD
50wt in DPG
TOYOCATITR20 Quaternary ammonium based catalyst
TOYOCATITRX Quaternary ammonium based catalyst
TOYOCATITRV Quaternary ammonium based catalyst

Alkali metal salts

EHK

Potassium 20 Ethylhexanoate,
75wt in DEG

o)
K® eo)k(\/\

Tertiary amines

|
TOYOCATIDT N,N,N',N",N"0 Pentamethyldiethylenetriamine SN NN
I |
_</N
1,20Dimethylimidazole, j
TOYOCATIDMT70 70mt0 in EG /N
TOYOCATITMF Acidlblocked blowing catalyst
. . \
DMCH N,NI Dimethylcyclohexylamine /N
80 180
EHKIDMCHIDT
70 |
o 150 |
g 60 |
= [ o - Cat.AIDMCHIDT
g o 120 |
%40 - 5 I
S % |
230 f L
3 | g \
x 20 5 60 | TRXIDMCHIDT
10 | o TRXIDM701DT
3
0 TRXIDM700TMFE
0 10 20 30 40 50 60 70 8 90 o ‘_Q/e/é
Timél secld

Fig.O O Comparison of rise profile
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Fig.O O Storage Stability of Various Catalyst System
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Tabled O Reaction profiles and foam properties of HCFCO 141b blown PIR foams

Catalyst TR20 Cat. A EHK EHKIDT
0 pbwl 6.71 8.80 12.90 6.000.8
Reaction profilesl] sec[] 10J

O Cream time 16 23 24 18
O Gel time 45 44 44 44
O TackIfree time 58 48 52 55
[ Rise time 80 78 83 78
Panel mold foam 20

Minimum fill density[] kgl m*0] 41.2 43.0 41.0 42.0
Core densityd kgim?[] 335 35.2 33.2 32.0
Density distribution] kglm?30]

0 Max.IMin. 24 6.9 6.8 7.5
Max. pressure ratel] psilsecl] 1.9 7.6 8.1 3.0
Moldability 30 2 4 5 3
Oxygen index 0 O 22.8 22.4 23.2 224
NBS smoke density[] DmaxIgrQd 20.5 22.0 28.0 27.1
Friability 30 4 2 4 4
Adhesive strength kglcm?0 0.25 0.63 0.52 0.25
KO Factord mWIm.KO 17.2 18.7 21.3 17.7
Odor 30 1 5 1 3

100 Free rise foam, mold(l 2L polyethylene cup.
20 Open mold foam, mold 50x 50% 3.5cm
30 10 better, 30 moderate, 50 worse

ITabled O Reaction profiles and physical properties of PIR foam system System B[O

H,O 0 pbwlJ 0.5 2.0 6.0
nJPentane 0 pbw(] 16.0 8.0 0

Catalyst 0 pbw

0 EHK 196 O O O 230 O O O 510 O O O
O CatalystlA O 278 O O O 410 O O O 100 O O
0 TR20 O O 350 O O O 324 O O O 436 O
0 TRX O O O 129 0O 0 0 260 O O 0 10.0
Reaction profiles

O Cream time 10 11 8 10 11 15 8 20 22 29 14 29
0 Gel time O secO 60 60 60 61 60 59 62 60 62 59 60 62
0 Rise time 100 100 86 97 95 98 102 96 87 69 98 75

Free mold foaming

[0 Core density

0 Maximal core temp.
FTOIR measurement
Relative intensity to Ph ring
0 O Unreacted NCO 029 020 023 024 034 024 046 028 029 038 056 033
[ Isocyanurate linkage 111 137 124 128 126 146 127 132 148 145 141 152

Okgim®0 320 346 319 325 320 325 330 323 267 288 243 257
ooo 103 102 105 102 123 127 121 127 148 139 139 146
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TRX

TRV

EHK

Cat. B

350 400 450 500 550

Averege Specitic ext. areal] m?l kgO
Better Smoke Development Worse

Fig.O O Comparison of fire performance
0000 of various catalystst] Index[] 3000

TRV F Index
0450
TRX r—l | 300
@ 200

EHK

TR20

2
Cat E—

0 5 10 15 20
Catalyst dosage @ gel( 30secl] pbwl]

Strong € Activity —>Weak

OFig.00 O Comparison of catalytic activity(d System DO
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