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Characteristics and Role of Tertiary Amine Catalysts
for Polyurethane Foams

Yutaka TAMANO
Hiroyuki YOSHIMURA
Masaki ISHIDA
Shuichi OKUZONO

The process for the manufacture of polyurethane foams comprises two successive primary reactions;

a gelling reaction to produce the urethane linkage and a blowing reaction to produce the urea linkage

and carbon dioxide. A variety of tertiary amine catalysts have been introduced for the control of these

reactions as well as for the improvement of moldability, foam properties, productivity, and so on.

Furthermore, the elimination of the use of chlorofluorocarbons (CFC), which are considered as the

major cause of ozone layer depletion, is a matter of current concern in polyurethane industry.

This paper describes the characteristics of tertiary amine catalysts suitable for specified purposes,

with special emphasis on the newly developed amine catalysts for CFC elimination. Discussions are

made on the relation of the performance of tertiary amine catalysts to the foaming behaviors and foam

properties of the products.
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Table 1 Reaction rate constant and activation energies of various amine catalysts

(4]

Abbreviation  Name Gelling  Blowing ratio activation Crosslinking activity”
activity? activity® (Blowing  energies?
———————————  /Gelling) AE (Kcal/mol) Allophanate Biuret
klw k2w Gell. Blow. k3w k4w k5w kéw
X 10 X 10 x 107
TEDA triethylenediamine 10.9 1.45 1.34 5.3 5.8 0.32 0.18 2.0 <0.1
L33 TEDA 33% in DPG 3.63 0.48 1.34 5.3 5.8 0.11 0.16 0.7 <0.1
L33E TEDA 33% in EG 3.63 0.48 1.34 5.3 5.8 0.11 0.06 0.7 <0.1
MR N,N,N' N’ —Tetramethyl 2.95 0.84 2.85 3.2 3.0 0.37 0.12 1.8 <0.1
hexamethylenediamine
DMCH N,N—dimethylcyclohexylamine 2.22 0.83 3.76 4.6 4.8 0.79 0.08 4.3 <0.1
HP N—(2—dimethylaminoethyl) — 1.71 0.78 4.44 6.4 4.5 0.27 0.06 1.5 <0.1
N’ —methylpiperazine
TE N,N,N’ ,N’ —Tetramethyl 4.19 1.14 2.72 0.69 0.17 3.8 <0.1
ethylenediamine
DT N,N,N’,N'’ ,N’’ —pentamethyl 4.26 15.9 37.3 3.2 1.6 5.0 0.81 24.0 0.46
diethylenetriamine
ETS bis(2—dimethylaminoethyl) 2.99 11.7 39.0 3.7 1.6 0.62 0.12 4.6 <0.1
ether
ET ETS 70% in DPG 2.09 8.19 39.0 3.7 1.6 0.43 0.08 3.2 <0.1
TEA triethylamine 1.16 0.60 5.18 0.72 0.10 1.2 <0.1
NEM N—ethylmorpholine 0.22 0.01 0.47 4.5 6.8
DAEM N—(N',N', —2—dimethylamino 0.93 0.08 0.81
ethyl) morpholine
PMDPTA N,N,N’ ,N'’ ,N’’ —pentamethyl 3.80 1.16 3.05
dipropylenetriamine
HP N—(2—hydroxyethyl) — 0.61 0.11 1.86 5.8 11.4 0.03 0.01 1.3 <0.1
N’ —methylpiperazine
DMEA N,N—dimethylaminoethanol 2.91 0.36 1.23 2.6 3.9 0.12 0.01 0.1 <0.1
DMAEE N, N—dimethylaminoethoxy 1.84 2.55 13.9 530 110 150 3.8
ethanol
TMAEE N,N, N’ —trimethylaminoethyl 2.89 4.33 15.0 380 48 410 21
ethanolamine
F2 Imidazol based amine catalyst 3.80 0.33 0.87 0.02 0.01 0.18 <0.1
F94 Imidazol based amine catalyst 3.54 0.39 1.10
M50 Specialized amine catalyst 3.30 0.66 2.00
system
D60 Low volatility aliphatic 0.75 0.22 3.00 4.2 1.0
amine catalyst
D80 Low volatility aliphatic 1.47 0.33 2.22 3.5 2.5
amine catalyst
D90 Low volatility aliphatic 2.05 0.85 4.12 1.7 0.8
amine catalyst
HX63 Specialized reactive amine 2.36 0.27 1.14
catalyst system
HX70 Specialized reactive amine 2.46 1.00 4.07
catalyst system
MRP Specialized reactive amine 1.13 0.18 1.62 4.0 2.9
catalyst
B20 Specialized amine catalyst 2.90 2.16 7.50
system
TMF Specialized amine catalyst 1.92 7.00 36.5
system
TF Acid—blocked catalyst of TEDA 3.40 0.46 1.35
THN Acid—blocked catalyst of TEDA 2.94 0.52 1.77
ETF Acid—blocked catalyst of ET 1.59 6.21 39.1
F22 Specialized strong gelling 26.1 0.83 0.32 25 15 1460 160 310 24
amine catalyst system-
B41 Specialized strong gelling 43.3 0.72 0.17 30 17
amine catalyst system
SDO Stannousdioctoate
DBTDL Dibutyltindilaurate 14.4 0.48 0.30 0 0 0 0
KOAC Potassium acetate

1) Titration method (3) .klw,k2w( 2 2/g+mol-h)
2) HPLC method (4)/k3w ,k5w( £ 2/g-mol-h)kdw,kéw( L ?/g+h)

(5)
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Table 2 Formulations

Recipe 1 2 3
Polyol FA-708 V) 100 0

Polyol A 2’ 0 100 0
Polyol B ¥ 0 0 100
Silicone SRX-294A ¢ 1.0 0 0
Silicone L-520 » 0 1.0 1.0
Water 4.0 4.0 4.0
Catalyst Varied

Polylsocyanate T-80 ¢’ Index=105

1) Partially EO-capped polyetherpolyol from Sanyo
Chemical Industries Itd.

2) Glycerin based polypropyleneglycol. (Mw=23000,
OHV=56mgKOH/g)

3) EO-capped glycerin based polypropyleneglycol .
(Mw=3000, OHV=55mgKOH/g, EO-capped
ratio=75%)

4 ) Surfactant from Toray Silicone Co., Ltd.

5) Surfactant from Nihon Unicar Co., Ltd.

6 ) TDI from Nihon Polyurethane Industry Co., L td.

LR IR A E,

H/W (em/g) 1 RK7 +— 2&& /7 +—LHER,

Settling (%) : (BA7 +r—4mE |7 +— 4
BE) KT +— LG,

Air flow (ft*/min) : 7 + — 2 DBEM. Dowil-fl
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7o ot T, ERGRIE. 5 IRARE ., RO,
FIRGERE . RFEHME, MK AE L% JIS—K640112
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KR O v v 7 X — b (index=105) %200mlod % »
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B, Visco—mate 1 A—MA) wlE,

BT OWTE - EEOFRT X MCEH LAY
AN HNT, TR EFIEY LT Al v
(b fafaf) % 8IE.

*HR7 & — &L

TDI/C—MDIR4LJ % Table 3 & (rallMDIR 4L T5 %
Table 4 iw7”"d, REERA#25CE L, AEDE—
R TRERE Lo UTOF 2 MEE ZBIE L,

ROPOSEE - it s RAROEER220H 9 7
(45C) wTHE,

74— At 1 35X 35X 10ecmHED T L 3 BlE —
AR (50C) It TH— =%y Z RN L, HIEE
B 380 & k.

F 27 ML REM O : Fig. 11033 70 3 8

( 6)

Table 3 Formulations for TDI/MDI based HR foam

Recipe pbw
Polyol ¥ 60
Polyol 2 40
Silicone 2.0
Water varied
Catalyst varied

Isocyanate *’ index=105

1) Polyether polyol : Tri—functional Polyether—
polyol,
Hydroxyl number=34mgKOH/g

2) Polymer polyol : Hydroxyl number=28mgK-—
OH/g

3) Mixture of T-80(TDI) and MR — 200 in ratio
of 4to 1 by weight.
MR-200 : crude MDI, NCO content 31%,
Nihon Polyurethane Industry Co. Ltd.

Table 4 Formulations for All MDI based HR foam

Recipe pbw
Polyol ! 100

Silicone 1.0
Water varied
Catalyst varied

Isocyanate *’ index=varied

1) Polyether polyol including polymer polyol

2) Modified MDI
Vent hole -’"’/
-,

Marke /

Fig. 1 Test mold for curing function and
moldability.
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Table 5 Basic formulations for instrument panel

Polyol FA703 )

Triethanolamine

Water
Catalyst
MR—200 »

parts by weight
100
3.0
2.8
Varied
Index 105

1) Tri—functional polyetherpolyol from Ssnyo
Chemical Inc., Ltd.
OHV=34mgKOH/¢g
2 ) Crude MDI from Nihon Polyurethane
Industey Co., Ltd.

Computer

Max model 101
rise/rate measuring system

Viscometer Thermocouple (0. 5mm)

Fig. 2 Measurement system for tise, viscosity

and temperature profiles.

. Obstacle
Pouring
2N
pad ‘L Y |3
[ [ [ 1 l‘ 2
T i
5 10 015
g
Ll
> 2.0
1 I
Aluminum Spacer (0.7mm thickness)
Fig. 3 Test mold for moldability evalua-
tion. (length : cm)
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Table 6 Formulations for residual amine measurement.

Parts by Weight

Polyol—1 1V 50
Polyol—2 2’ 50
Water 3.0
CFC—11 21.5
L—5421 ¥ 1.5
Catalyst Varied
Internal Standard *’ 1.5
MR—200 ¥ Index 110

1) Polyetherpolyol :OH value=455mg KOH :g.

2 ) Polyetherpolyol :OH value=395mg KOH :g.

3) Surfactant from Nihon Unicar Co., Ltd.

4) N. N+ Dimethylaniline.

5) Crude MDI from Nihon Polyurethane Industry
Co., Ltd.

I RIEEET 3 VAR (0.165mol/kg) EPVC/$w &—
EInc. BEET8OCIKIRGAC 11 4 viBEL AR
E (FEiA A v 7<) L, BEERIGHEE %KD
7o

A VT TINAFY T 4 — LT

7% Table 7 WRd, FRIRIE#25CL L. FTE
DE—N FRICTRBEBA L, LTOT A MEE%
HE L,

R SO EE  fiet & AR HEH #500mlh v 7
(40C) T,
FISOSREO M EERIE © IRE R (ATRC R
T RE L7c500ml A v I T, R IEERE O Rl
E & R T - 1o

F a7 & BB O R © 150 X 200 X 10mm -~ %
DTFTNIBE—A R (40C) P THREMA L,
L5 L, 27—, BAEBRO—
HHED 7 + — A~FEE LA BIE U CRH L 2o, BUEM
27 4 — A REORKEIRAES 4 B TR,

7oA — LEEE L PR R LA 7 o — 2 OFERE
B (2.6mmicH v b)) ROAFLE (5mmicd v b)
EoWT, BEE&ETHELDEE,

fibiE D IR RE R A © Table 7 DAL 12Ty JRRBIKRIR
%#20°C. 40C., 60C & 3 AL IR THERRKIE
(500ml1% » 7°) EATWw 24 L%&QIE,

3) BE 7+ —2A

KFEWAL S & Table 8 . HCFC—141bR Uy 7 1 <
v & VRN & Table 9 . Tablel0iRd, FRHEIR
#20C & Ly FIEDE—/V FRIC TR L1, L
ToF A MARERE L,

( 8)

Table 7 Formulation for all water blown Integral Skin

Foams.
Parts by weight

Polyol V 100

Water 0.5
Ethyleneglycol 6.0
Catalyst Varied
Isocyanate 46.3
(Index) (105)

1) Polyether polyol, OH Value—28mgKOH/g
2) MDI prepolymer, NCO content=28wt%
Foaming Condition :
Component Temp.=25C, Mold Temp.=40C
Mold=15%x20X%1(cm)

Table 8 Partially water blown systems.

Recipe 5 Recipe 6
Polyol A V) 100 0
Polyol BV 0 100
Silicone 1.5 1.5
Water Varied 3.4
CFC-11 Varied 24
Catalyst Varied Varied

(GT=50s) (GT=60s)
Polyisocyanate 2’ Index=110 Index=105

1) Sucrose and aromaic amine based polyetherpolyol
OHV=A : 423, B : 410 (mgKOH/g)
2) Crude—MDI, NCO content=31%
Foaming Condition :
Component Temp.=20C, Mold Temp.=40T
Mold=50%50%4.5(cm), Free rise

Table 9 CFC and HCFC-blown ststems.

Recipe 7 Recipe 8
PolyolC 100 0
Polyol D ! 0 100
Silicone 1.5 1.5
Water 1.5 1.8
CFC~11 35 0
HCFC-141b 0 30
Catalyst Varied Varied

(GT=60s) (GT=60s)
Polyisocyanate 2’ Index=110

1) Sucrose and aromaic amine based polyetherpolyol
OHV=C : 400, D : 420 (mgKOH/g)
2) Crude-MDI, NCO content=31%
Foaming Condition :
Component temp.=20C, Mold Temp.=40TC
Mold=50%50%4.5 (cm), Free rise
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Table10 Formulations for CFC free Rigid foam

Cyclopentane HCFC—141b

pbw pbw
Polyol—A D 40 45
Polyol—B & 30 -
Polyol—C 3) 30 45
Polyol—D 4) — 10
Silicone 1.5 1.5
Water 2.0 2.0
Cyclopentane *’ 15 -
HCFC—141b = 29
Catalyst varied varied
Isocyanate 6 index=110

1) Sucrose based polyether polyol, OH value=
450mgKOH/g

2) Aliphatic amine based polyether polyol, OH
value=390mgKOH/g

3) Aromatic amine based polyether polyol, OH
value=450mgKOH/g

4) Aromatic based polyester polyol, OH value=
420mgKOH/g

5) 98% cyclopentane

6) Crude MDI, NCO content=31.0%

T W B it o
(40C) W THIE,
FREPIET 07 7 A VORE : 54X,/ v— MIE
%E (Max model 101) RUORKEEREERE (Max
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Semk (RF v L) ih vy b LTHIE (ANACON
MODEL 88, FH{ifE24C), BfnERRE 7 + — &
DEEZBATEL, 2 THEELEL,

BAEBE : 5 X 5emTEOEKA W EKE TS 7
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e LTERIATERD, 7o vRIBEI HCFC—11
ZEEA LA, allkKBEEAH BBRH S RAD TV 5,
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Table11 Effect of amine catalysts on all-water blown hot molded flexible foam system (Recipel).
Catalyst 1.33 ET MR NEM HP F2
Catalyst (pbw)
SDO 0.075 0.15 0.25 0.20 0.35 0.20 0.35 0.25 0.35 0.10 0.25 0.075 0.15 0.25
Amine Catalyst 0.48 0.40 0.30 0.15 0.11 0.26 0.13 1.8 1.35 1.15 0.76 0.63 0.53 0.40
Reaction Profies (sec)
Cream Time 6 7 8 6 7 6 8 7 7 6 7 6 6 7
Gel Time 61 62 61 61 60 60 62 61 59 60 62 62 59 60
Rise Time 67 66 65 64 62 64 65 63 62 66 65 T2 64 62
H/Wx10? (cm/g) 5.95 5.92 6.15 6.16 6.31 6.05 6.35 6.02 6.22 5.76 5.98 5.71 5.72 5.87
Settling (%) 43.9 16.6 4.8 38.8 9.0 28.9 7.6 39.4 10.7 20.5 145 2.4 4.9 4.7
Core Density (kg/m?) 59.3  33.8 29.4 39.7 30.2 40.8 29.6 50.3 31.0 37.7 32.2 30.1 30.4 30.2
Air Flow (cfm) 1.40  0.95 0.28 1.00 0.41 1.20 0.26 1.40 0.60 2.10 0.71 4.60 4.30 2.50
TEALRY TVT RAL VPRV A =T VRV b &
O\ E BN G DRI T AT B RAE S h B SR
50 - TNA =TV ERRI LGRS D EHEZ RS,
= IO LR, Bt s 7 I ViR NS v A EE
E HTHEATREFLET2 L,
g0 Ui Listit, Fig. 4, KOFig. 5 X 0865k
A 5ucy BE LEADT 3 VIIETE, 7 4 — 4O
. wEEAL BRI LT S EELEAN R T I VK
HAE OB A RBARII D TRV EF 25, ZHhiIT
0 0.1 0.2 0.3 0.4 RLUTy FHEOA I XV —ARMEF 2137 3 Vil
SPO Level (pbw) SRR D I\ T LSRR IC I TS B R O PB4
Fig. 4 The influence of SDO level on foam den- DT+ —2u52Th5, 2OX51C, F 2i2@%
sity for each amine catalyst (Recipel). TR T Bk & LY D %R s B b % 253 7 fih
5.0 WEE 2%, BlE. HotDalUKREWRAS Tlidy RV A —
. NOEE, VT NS EDOEHINC XD KEAR
40 F2 MR 5 AR R T <SRG S h T b, Th
530 \\\\\\\\ . A LIcF 20omd AW ntEALy i, &
S nHOFEMEE R R TE 2% 0%R LT
& 9.0 HP BEE LB
2 MR _ 2) 25 TMFOBF (72)
1.0 | L;\‘x\i‘ HR%Table12, M U'Fig. 6 lo-d, BEfFD 7 3 v
\ET flit©® 5 L33, ETROFHHMEEF 212250 T,
0 o1 0.2 03 04 Hot4L 75 & [ Bk 7s R HAHAG % i L Tco & DAER,
SDO Level (pbw) L33, ETRUOF 20WFhofificknwTd, 73
Fig. 5 The influence of SDO level on aer flow VI DB LI 7 4 — AHERC T 5 —

for each amine catalyst (Recipe1).
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Table12 Effect of amine catalysts on all-water blown flexible slabstock foam system .
(Recipe2, PO-terminated polyol based)
Catalyst L33 F2 ET
Catalyst (pbw)
SDO 0 0.10 0.20 0.30 0.40 0 0.10 0.20 0.30 0.40 0 0.30 0.40
Amine Catalyst 0.60 0.40 0.25 0.13 0.02 0.75 0.48 0.26 0.14 0.02 0.20 0.06 0.03
Reaction Profiles (sec)
Cream Time 12 10 10 13 13 8 8 9 9 11 8 8 9
Gel Time 79 81 81 80 77 80 78 80 77 78 83 79 78
Rise Time 97 100 88 88 94 96 87 88 88 98 91 90 87
H/W %102 (cm/g) 6.06 6.42 6.39 6.56 6.92 5.58 5.91 6.10 6.59 7.01 5.95 6.60 6.84
Settling (%) 9.3 5.8 4.9 0 0 3.8 2.0 0 0 0 defoam 0 0
Core Density (kg/m?®) 29.3 27.6 27.3 25.5 24.4  30.7 28.1 27.3 25.5 24,2 — 25.5 24.7
Air Flow (cfm) 4.55 3.40 4.70 2.90 <0.1 5.00 3.50 4.20 2.00 <0.1 — 3.25 0.45
6 6
1.33
E 5 :‘ i ~ 54 4 N F2
m\E 4 4 E 44 g e .
& a
z 3 s 3-
= g SN ET *
=2 2 2. . -
B [ S
< 1 <’: 14 L.33 \\‘5‘-.._- iy
0 olg—pe— e A
0 . 0 0.04 0.08 0.12 0.16 0.2
SDO Level (pbw) SDO Level (pbw)
Fig. 6 The influence of SDO level on air flow Fig. 7 The influence of SDO level on air flow

for each amine catalyst (Recipe 2, PO-
terminated polyol based) .
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DT TEHFBHEN T,

3) FRBESME & R Y A — L DR EY:

HotDallZKFEHAL S v v Ty FimEF 2 3. 5
FOT I VKL, BOTAW T ot ALYy
EHTAHRMERR LI, L L, allkKFEED A5 7
AT, COBEERERIRD NN T, D
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(11)

for each amine catalyst (Recipe3, EO—
terminated polyol based) .
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Table13 Effect of amine catalysts on all-water blown flexible foam system
(Recipe3, EO-terminated polyol based) .

Catalyst L33 ET F2

Catalyst (pbw)
SDO 0 0.05 0.10 0.15 0 0.05 0.10 0.15 0.20 O 0.05 0.10 0.15 0.20
Amine Catalyst 0.60 0.47 0.41 0.35 0.25 0.23 0.20 0.18 0.10 0.85 0.65 0.45 0.36 0.26

Reaction Profiles (sec)

Cream Time 5 4 6 6 3 3 4 5 6 4 4 5 5 5

Gel Time 61 61 60 59 61 59 58 56 65 59 58 60 59 60

Rise Time 72 87 120 140 92 74 73 71 102 86 90 76 70 85
H/W %102 (cm/g) 6.42 6.53 6.98 7.20 6.8 6.44 6.63 6.97 7.04 6.07 6.16 6.17 6.28 6.70
Settling (%) defoam 1.8 2.5 0.8 defoam 5.0 3.0 1.8 0.4 3.7 20 1.0 09 1.0
Core Density (kg/m?®) — 27.2 26.1 25.6 — 27.9 26.5 25.5 24.7 28.0 26.6 26.6 26.9 26.4
Air Flow (cfm) — 0.27 0.10 <0.1 — 2.60 0.78 0.26 <0.1 4.90 4.20 4.10 2.30 0.73

Table14 Foam properties in all-water blown flexible foam system.
(Recipe 3, EO-terminated polyol based)

Water (pbw) 4.0 4.0 4.0 5.0 5.0 5.0
Catalyst .33 F2 ET L33 F2 ET
Catalyst (pbw)
SDO 0.15 0.15 0.15 0.15 0.15 0.15
Amine catalyst 0.34 0.35 0.18 0.26 0.28 0.13
Reaction profiles (sec)
Cream Time 7 6 6 7 6 6
Gel Time 60 60 60 59 60 60
Rise Time 82 72 80 68 69 69
Core Density (kg/m?) 25.6 26.7 25.5 21.8 22.1 22.1
Air Flow (cfm) <0.1 2.30 0.26 0.48 2.65 1.00
ILD (kg/314cm?)
25% 10.3 10.0 10.2 10.1 9.6 10.9
65% 17.5 16.7 17.0 16.6 16.4 17.8
Resiliency (%) 22.6 42.4 23.3 30.7 40.4 28.7
Tensile Strength 0.87 0.93 0.96 1.02 0.90 0.98
(kg/cm?)
Elongation (%) 108 112 117 114 106 108
Tear Strength 0.51 0.61 0.62 0.60 0.60 0.63
(kg/cm)
Compression Set (%)
Dry(70C,22hr) 1.6 0.9 1.9 2.8 1.7 2.9
Wet(50°C,95%RH, 22hr) 3.6 1.6 3.0 27.1 4.5 28.7

(12)
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Table15 Reaction rate constants and activation energies of urea and urethane

formation reactions.

Amine TDI-PO(1) TDI-EO(2) TDI-H,O(3) Ratio

Catalysts Kw AE Kw AE Kw NE (3)/(1) (3)/(2)
ET 1.10 5.38 10.4 4.80 81.9 1.6 74.5 7.88
1.33 2.29 6.41 23.9 4.86 5.29 6.64 2.31 0.22
F2 1.18 7.72 10.1 6.86 2.31 7.49 1.96 0.23

Kw (12/gmolh), AE (kcal/mol)

(1) Reaction of T-100 and polyol A (PO-terminated) .
(2) Reaction of T-100 and polyol B (EO-terminated) .

100

90 4 EO-terminated polyol
T L33(1.0) . F2(1.0)
=1 e 1.
10 ET(1.0) | 33(3.9)
& 60 =
e 2(3.0)
ey
'g 40 PO-terminated
2 304 polyol
> 90 4

10 ET (9.0}

1] T T i : T T

0 200 400 600
Time (sec)

Fig. 8 Viscosity rising profiles in the model re-

action of PO—and EO-terminated polyol
with polyisocyanate T-80. (Parenthe-
ses show amine catalyst level (pbw))
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Table16 Curing function and moldability in TDI/MDI based HR foam. (H,O=2.7pbw)
Catalyst Reference MR PMDPTA NEM D60 D8 D90 DMEA MRP
L33 0.61 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32
ET 0.15 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
Catalyst = 0.35 0.35 3.30 1.20 0.58 0.40 0.75 0.70
Reaction profiles (sec)
Cream Time 7 8 7 7 8 8 8 7 8
Gell Time 80 79 79 79 80 80 79 79 79
Rise Time 115 112 113 107 114 115 107 107 107
Free rise density
(Kg/m?®) 40.8  40.6  40.7  defoam 40.4 40.3 40.2 44.5 38.8
Mold foam density
(Kg/m?) 50.3 50.1 50.4 defoam 50.8 50.8 50.5 50.6 50.6
Curing function (min.)" 7'50 6'20 6’40 900 630 630 6'30 900 640
Moldability ?’
A 3 1 1 1 2 5 2
B 3 2 2 2 2 5 2
C 5 2 1 1 1 1 5 1
Total Point 15 8 12 4 4 4 5 15 5
1) The time when the pressed mark with a fixed weight had got to disappear.
2) Moldability was measured at 30°C by using inland type mold shown in Figure 1.
1=good, 3=fair, 5=inferior
3) PMDPTA =Pentamethyldipropylenetriamine
EYA 70 (Fa7 M) OBRXD. BEDY
MRP ET7IVMBEOLPERI B, LLksb, 73
S YR, WATRTORE, BHRORERE~D
pso B BB L AMEEREPERE N T 5o FiC, I,
. = HENHED 7 4 F v FRIENUHENRED, 7 3 vijto
NEM e aE s h T 57, EH O, Table3 . Table 4
PMDPTA CRTS & ETE FEIME, F 27—ty 74—
vr b MR 7+ ¥y S5 25T I ViREORES
Reforence I B LT,
0 2 4 6 8 10 12 14 16 1) TDI/MDI = #4077
Curing function (min.),Molability (Total point) TDIEC—MDID T VY KA Vo7 %— N2FERT
Moldability W Curing Function AHR7Z 4 — &1L, EEER 7 + — 2t @Eh 58
Fig. 9 Curing function and moldability in WEFZ Do MEIE, B FREICRG 5% 27—

TDI/MDI based HR foam.
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Tablel7 Pysical properties in all water blown TDI/MDI based HR foam (H0=3.2pbw).

Catalyst Reference MR PMDPTA D60 D80 DMEA MRP
L33 0.44 0.30 0.30 0.30 0.30 0.30 0.30
ET 0.09 — =— — — — —
Catalyst — 0.31 0.32 0.92 0.54 0.71 0.64

Reaction profiles (sec)

Cream Time 10 10 10 10 9 9 10
Gell Time 60 60 59 59 59 61 59
Rise Time 102 94 96 105 96 103 96

Free rise density (Kg/m?) 36.2 36.1 36.5 38.1 36.2 35.3 35.2

Pysical properties of molded foam ?

Density (Kg/m?)

Overall 44.7 45.4 45.3 44.7 44.8 44.9 44.5
Core 41.9 43.2 43.0 42.6 41.4 41.6 41.6

ILD (Kg/cm?)

25% 20.3 22.0 20.6 20.8 21.5 20.2 21.3
65% 63.0 65.8 63.2 63.4 63.6 61.0 61.1
Tensile strength (Kg/cm?) 1.61 1.65 1.62 1.67 1.67 1.68 1.58

Elongation (%) 103 105 104 108 110 106 103

Tear strengh (Kg/cm) 0.64 0.70 0.65 0.76 0.65 0.69 0.61

Resiliency (%) 67 67 66 67 68 67 68

Compression set (%) ? 18.2 18.2 19.0 18.0 16.4 21.8 18.5

1) Aluminum mold (35X 35X 10cm)
2) 95%RH, 50%compression, 22 hrs at 50°C
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Fig. 10 The effects of reaction rate on foam
density of all MDI HR foam system.
(H,O=4.0pbw)
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Fig.11 The effects of water level on foam

density of all MDI HR foam system.
(Rise time=80 seconds)
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Table18 Effect of amine catalyst on curing function and moldablity of MDI based HR foam.
(H,0=4.0, Index=115)

Catalyst Reference MR  PMDPTA DAEM F2 D60 D30
L33 0.63 0.30 0.40 0.28 0.32 0.45 0.40
ET 0.07 0.05 — 0.07 0.08 0.05 —
Catalyst — 0.30 0.40 0.80 0.55 0.90 0.65

Reaction profiles (sec)

Cream Time 10 11 10 10 10 10 11
Gell Time 74 74 76 74 75 71 75
Rise Time 118 114 120 98 125 104 123

Settling (%) 16 19 14 14 13 32 15

Mold foam density
(Kg/m?) 52.3 52.9 52.4 51.9 51.3 52.3 54.3

Curing function (min.) 6’50 6’30 6’30 6’50 6’50 6'10 6'10

Moldability 5 3 5 5 2 1 1

1) (Hmax.-Hend.)/Hmax X100, Hmax=Maximum foam hight, Hend=Final foam hight

2) The time when the pressed mark with a fixed weight had got to disappear.

3) Moldability was measured by using inland type mold shown in Figure 1. at 50C.
1=good, 3=fair, 5=inferior

Table19 The evaluation of delayed action catalyst for all MDI based HR foam.

Catalyst TEDA-L33 TF THN F22 B41
pbw 1.056 2.30 1.15 1.02 1.95
Reaction profile (sec)
C.T. 10.5 14.5 11.5 13 14
G.T. 57 59 59 58 57
R.T. 90 84 90 88 85
Foam properties
(Free rise foam)
H/W(cm/g) 0.259 0.267 0.254 0.259 0.261
Core density
(kg/m®) 31.9 30.0 33.9  33.0 33.3
Moldability (Free rise foam)
Bottom void 1 5 1 2 4
Top shrink 3 5 2 2 4
Others fine cell fine cell
soft foam soft foam
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Fig.12 Rise and rise rate profiles of delayed action catalysts.
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(2-dimethylaminoethyl)ether
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Fig.14 Recovery of amine catalyst in the
fogging condensate. TDI/MDI based
HR foam, DIN 75201-G (1007C)
TEDA=Triethylenediamine, ETS=Bis
(2-dimethylaminoethyl)ether

Table20 Thermal decomposition of flame retardants.

TG-1 ¥ TG-2 ©
Fyrol PCF V 104 192
Fyrol CEF ? 125 212
Fyrol K101 ¥ 147 268
Fyrol K201 145 273

1) Tris (2-Chloropropyl) phosphate from Akzo
Kasima Ltd.

2) Tris (2-Chloroethyl) phosphate from Akzo
Kasima Ltd.

3) Origomeric phoshpate (2-chloropropyl group)
Akzo Kasima Ltd.

4) Origomeric phoshpate (2-chloroethyl group)
Akzo Kasima Ltd.
4) and 5) are development products.

5) Temperature at the initiation of weight loss.

6) Temperature at the intersection between base
line and a tangent line.
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Fig.15 Effect of substituent group on the
decomposition of flame retardants.
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Table21 Foam properties with new HX-series.
Hx63 HX70 KOAC L33 MR DMEA DMAEE TMAEE

pbw 0.69 0.45 0.77 0.48 0.37 0.67 0.67 0.49

Cream Time 22 19 19 23 21 16 17 17

Gel Time 73 72 73 71 70 72 72 73

Rise Time 166 118 113 109 110 113 112 111
Free Foam Density (kg/m?) 53.6 49.5 63.4 62.8 51.2 50.1 46.1 44.4
Mold Foam Density O.D. (kg/m?) 130 125 127 129 124 114 119 120
Cure(Shore-C)at demolding

(5.5 minutes) 10 9 0 0 15 9 16 18
Moldability!

Surface Blistering 2

Cell Collapse 1
Aging Properties of PVC

Discoloration after 400 hr( AE) 10.8 10.5 11.0 12.4 15.4 13.4 13.3 13.6

Elongation after 800 hr (%) 225 235 233 223 203 196 195 200
Tensile Strength 118 115 125 122 131 147 145 142

after 800 hr (kg/cm?)
Weight Loss of PVC 12.4 11.9 13.5 13.6 13.9 17.9 17.7 15.0

after 800 hr (%)

1=none, 2=alittle, 3=moderate, 4=sovere
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Table22 Reaction Profiles,
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T 7 4 — L2 ORKGEE HHE K SRV RN ie 5
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Curing Function and Moldability

MR  DMAEE TMAEEA  PA2 PA3 PA4

Catalyst KOAC 1.33
phw 0.77 0.48 0.37 0.67 0.49 1.25 0.60 0.61
Reaction Profiles (sec.)
Cream Time 19 23 21 17 17 20 20 18
Gel Time 73 71 70 72 73 73 72 73
Rise Time 113 109 110 112 111 116 111 109
Rise Height (Max., inches) 6.94 7.25 7.95 8.29 8.67 7.91 8.48 7.25
Rise Rate (Max., inches/sec.) 5.6 6.6 7.0 8.2 7.7 6.5 7.4 6.5
Temperature (C, 4minutes later) 91 88 92 95 96 89 95 82
V-M (X10Pars, 3minutes later) 6.8 8.2 13.4 16.0 16.0 12.2 16.0 5.4
Foam Density (kg/m?)
Free 63.4 62.8 51.2 46.1 44.4 50.2 49.8 60.5
Mold 127 129 124 119 120 124 121 125
Curing Function (Shore-C)
At demolding (5.5minutes) 0 0 15 16 18 8 19 0
30 minutes later 17 15 32 27 28 25 31 10
24 hours later 46 54 42 33 33 37 34 38
Moldability
Surface Blistering 3 3 1 2 1
Cell Collapse 2 2 4 1 2 1

1) expreseed as ; 1---none, 2--alittle, 3:-'moderate, 4:--severe
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Fig.20 Reaction profiles of Rise Height (%),
Rise Rate (x107', inches/s), Tempera-
ture (C), Viscosity (X107, Pass),
V-M (Pa-s), Flow—R (Pasinch).
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Table23 Viscosity Profiles and Moldability

Catalyst
KOAC L33

pbw

MR

DMAEE

TMAEEA PA2 PA3 PA4

Viscosity Profiles (sec.)

Maximum Flow—R 2.6 5.4
(X10, Pa - inch)
V—M  (X10, Pa-s)
Cell Collapse Index

Moldability 2’

Surface Blistering

Cell Collapse

1.2
2.3

1.4
2.4

3
2

3
2

7.

1.
2.

5

7
7

2
2

5.4 6.4 6.2 6.1 2.7

1.3
3.2

1.1
3.8

2.4
1.7

1.4
2.8

1.0
1.7

3
4

1) Viscosity when the calculated fluidity resistance Flow—R is maximum.
2) Expressed as : 1---none, 2--a little, 3---moderate, 4---severe
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Fig.17 Discoloration of PVC covers on semi-
right foams (at 120°C)
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Table24 Model compounds
Amine Model Compounds Type
Catalysts Abbreviation
DMEA DMEA-P A
DMAEE DMAEE-P A
TMAEE TMAEE-P A
HX63*! HX63*-P A
HX70%? HX70*-P B

I
R—O—C—N—"Ph

Type-A

O

CoL
R'—N—C—N—Ph Type-B

LTABR L. TG—DTAGHTIC & b & OB %R
Niz, BT NMEEWR, U ORORICHERIC LD
Table2d i RTBD I L A VEEGA BT H 24 TAL
TLVTREED AL TBISEHTE S,
EFMEEHOTC—DTAK & % B RIRE ORIE
#EB % Table25, Fig. 191 /"3, By MRIRE L, Mk
BEeRWTBLRrCERD A BB, AL,
TMAEE— P, DMAEE-— P}, KR T 7
REILTED ZOMBARNNCORE L KIG L TE
WLl L a2 viEaid, BohdvworxrF- ko
REE LT W M-, 7. DMEA—P &
HX63— P OB IR 33IER U TH 5 H, DMEA—P
ITHX63— P X 0 KR HLEER AR D, L

Table25 Thermal decomposition temperature of
model compounds.

TG-I ()Y TG (C)? DTA (C)?

DMEA-P 61 181 186
DMAEE-P 103 170 165
TMAEE-P 67 147 157
HX63*-P 118 178 178
HX70*-P 151 219 205

1) Temperature at the initiation of weight loss.
2) Temperature of the intersection between base
line and a tangent line.

HX63*
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Fig.21 Residual rate of amine catalyst during
foaming.

(24)



B el 1 154

394 (1995)

25

FUER T4 T B L TWB T EnH B, DT & &
e NS VRIRIGH T 3 VAR, SR R
DEWTMAEE, DMAEER, BB r—v v /T
3, MEEEEENEL LT 3 EBTFHEIRE,
—J7\ HX70i%, 7REH200CLL L& &< NCO
HEEDRIGEIDER LY VTSR, YL v
BNV BALER AR >TWHZ 00D 5,
DHEF, HX700, Rflox— v v /- Chitf ©
A HlhodEFshicRbBERMETHIZ L%
VAN

c. RIGHET I v Al B & O v B SOS R

FIDEKNE LT, BGMEC & 0l L RIS
3V OBERE LML, WL - LBk L
TWHZENRELbRD, EOKRFICLY, BEED
BOGHET 3 ViR, BT TORKRE - v Ik
IRV BRI OBREL T BT DT, R
Ty ZOWERE U RIGHE T 3 v AR A v IR RO
ZRE L. PVCER « Hlhic K& EBL2 RIgT &
Eirbhb,

—fi s~ a VT A F LS OEREET TO
Wi~ m s KRS, 20 ThiEE (E 2 B8 »
BEINTWDIZEND, TORGEER 2 KIIGHE
BERmICHRE 5 & U TIRIEBR UG HIE % R D Teo &I
Y7 3 v A O PVCIFHERE PGS % Fig. 221073,
TMAEE, DMEA. DMAEE o [Ii #7 B It 2 13
HX63& h K& SHERZEM - HLI LT WA T
HbEV2 5, Zhiz., TMAEE, DMEA, DMAEE
DFEEDOMI B L UNVMEEEL EBPEL TV &
Exbhb, ZORKRLY, HX631Z, RIEL DM
HEMRILEEC LE< . ECER - Sihic@Ehi
REFOLNTHREN S,

UEDOHRI D, ROZENEL N &I T, (1)
DM - HAME, REERICEE T A5G T 3
VAR IRA TR &, (BURHET 3 ViR — 1 v
VT R — MEROREEBEI L 5T, FOREOBREEN
Wi KEhENRONDZ &, BIL, TMAEE,
DMAEE, DMEA KR & 0 5 fEnEa L 7 + —
AXORIGHEY 3 v HERE LTV, —JF, HX70i
BWEEEEZ RS, GRELE G ()l L e G T
3 VAR B B DRI IZ K & fe 2203 % ) HX63
BRSO R /NS ThbhDZ Ehb,
HX63% L OHX70ik, oGt 7 3 v il &
AVAINAY FREANEFEE T +— 2 BT, B
Nt eafd - HMEERHAT 5 L TFHREh 5,

-
—

P
—

(25)

(2 A VFIINRFVY T F—a0)

AYVYTFIINAFVER, RUTLEVEERER
A VEBELTWEREDZ ETHY, /v N
BT 4 — 2% BRERE (R 7)) I¥DHIEE
X0, BEELRREI GERNIM) LIEEE kO
(RRHEE) *FARFCATIHWBNRELNE, £ DORE
FFA LT, FCHBEO Y FARAVWHh 5,
DIMF L FERH HCFC—11MRTHF & LT H &
NT&El, T, 70 VREBEL DallkFEELS M
BT ERIEDTH B MR, A+ YEEAT+5TH - 1
Dy FaT7—t, KEMORMEL S L, £2T,y all
RFERIT % TN, AF VM. F 2 7 —#
BRI 52 57 3 VIO ES AT Lic, FRfifs
B Table261277 3,

ZhE TOCFC—11RMIE, Rk b A+ VIEHRMER
B, BEH A AoV ELLAFVERRLNS,
—77 all KB TR RBTC v F ) & LI AFY
BRALRTHEV,, LarLkRs, iz 2+
YIS a7 M A ENBATH A, &
h¥ CCFC—11HEHIE B VW TALFEAIRLTE
TEDAX, AF YR/ E L, BEROEN N A E
WE AR EAF T HOEMANE SRS, TEDA X
DR LIEM: OV AENP, MRZTEDA L OFA L
FTI, A& VEBRIITEDA L VEL R -Toe —J
TEDA X 0 BflR{LIE O R O PI, F 2 13 TEDA

-
—

1000
900 +
800 +
700 -
£ 600
I
= 500 4
5}
400 +
300
200 4
100 +
0 T T v
0 60 120 180
Time (min.)
Fig.22 Cl ion concentration on the

dehydrochlorination reaction of PVC
powder (at 80TC).



26 Journal of TOSOH Research Vol.39(1995)
Table26 Effect of catalysts on foam properties in all-water blown ISF.
Catalyst [33E L33E L33E L33E F2 F22  F22 F22 F22 DBTDLY L33E
/NP /MR /TMAEE /M50 /M50 /F2 CFC
/ET /ET BLOWN
(pbw) 1.5 0.9 0.8 0.9 2.2 1.1 0.25 0.25 0.25 0.22 1.8
/0.9 /0.8 /0.9 /1.1 /0.8 /1.2
/0.4 /0.4
Reaction Profiles
Cream Time (sec) 15 14 13 13 13 19 14 13 12 18 10
Gell Time 26 25 25 25 26 24 25 26 24 25 20
Rise Time 31 31 32 33 33 27 31 31 30 29 25
Free Rise
Density (Kg/m®) 291 261 260 212 289 344 259 208 208 255 156
Molded Foam
Foam Density
Overall (Kg/m?® 699 661 658 549 697 777 661 512 522 628 510
Skin Layer 720 683 681 551 745 785 709 568 566 712 616
Core 498 496 501 401 490 511 482 389 390 492 301
Skin-Core ?’ 222 187 180 150 255 274 227 179 176 220 315
Expansion Ratio ®’ -
at demolding (%) 3.7 2.3 2.6 3.7 5.1 1.8 1.8 0.0 0.9 0.6 0.5
one day later 1.1 0.0 0.6 0.6 1.7 0.6 0.3 0.6 -0.6 -1.1 -2.0
Moldability *’ 3 2 1-2 2 2 4 2 1 2 4 1

1) Demolding Time=3min. (Other catalysts : 1.5min.

)

2 ) The difference of foam densities between skin lalyer and core.

3) (A—A+B—B)/(A+B)*100

A, B: Length and width of the demolded foam, respectively.
A, B: Length and width of the mold, respectively.

4) 1:Good, 2:Fair, 3:Poor, 4: Worse.
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Table27 Thermosensitive Nature of Catalysts.

Catalyst (pbw) Gel Time Ratio of Viscosity Rise Rate
20C 40°C 60C Reaction Rate " at Gel Time *
(sec) (sec™ 1) (cps/sec)
L33E 0.45 100 48 27 3.6 125
NP 0.55 98 51 31 3.2 129
MR 0.42 92 50 31 3.0 120
F2 0.68 94 48 27 3.5 118
F22 0.30 157 50 16 9.8 175
DBTDL 0.05 122 43 16 7.6 140

1) Ratio of the reciprocal of the gel time between 20°C and 60C.

2 ) Measured from viscosity rise profiles.
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Fig.23 Effect of catalysts on viscosity rise
profiles.
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Fig.24 Effect of water level on rise rate curve
(catalyst=TEDA-L33).
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Fig.25 Effect of catalysts on rise rate curve
(water level=3pbw) .
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Table28 Reaction profiles with partial water blown system.
Catalyst Water Reaction Profiles(s)* Foam Density
(pbw) (bw) CT GT TFT RT (kg/m?)
L33 (4.00) 0 15 50 61 97 27.7
(3.70) 0.5 15 50 62 91 27.5
(3.50) 1.0 14 50 67 92 26.4
(3.20) 2.0 14 51 75 97 27.5
(3.00) 3.0 14 50 70 91 27.8
(2.90) 4.0 15 50 74 91 28.9
MR (6.00) 0 14 50 58 81 27.9
(4.50) 0.5 13 51 57 83 27.3
(3.80) 1.0 12 52 68 92 26.5
(3.05) 2.0 11 48 60 87 26.5
(2.30) 3.0 11 50 69 89 26.5
(1.09) 4.0 12 50 71 95 28.3
L33 (3.000) 3.0 14 50 70 91 27.8
MR (2.30) 3.0 11 50 69 89 26.5
DMCHA (2.80) 3.0 10 51 71 89 26.5
DT (1.50) 3.0 51 77 92 26.7
B20 (2.60) 3.0 50 72 96 26.8
Free rise in 2 liters cup.
* CT(Cream Time), GT(Gel time),
TFT(Tack-free Time), RT(Rise Time).
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Fig.26 Effect of catalysts on foaming pressure
(water level=3pbw) .
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Table?9 Reaction times and physical properties in 40% CFC reduced system.

Catalyst MR DMCH TE  TE/F94(7/3)  F94
(pbw) 1.9 2.2 1.9 2.1 2.9
Reaction times"
Cream time (sec) 15 13 14 15 17
Gel time (sec) 60 60 60 58 60
Tack-free time (sec) 74 84 84 85 75
Rise time (sec) 99 104 103 95 93
Physical properties
Core density (kg/m*)V  24.7 24.0 23.9 24.4 26.1
Open Mold Min. Fill dens. (kg/m?®)? 27 .4 27 .4 26.3 27.0 29.7
Overpacking Foam dens. (kg/m?*)¥
0.D. 32.2 31.8 30.7 31.4 34.8
C.D. 28.8 28.3 27.1 28.1 30.1
Compressive strength (kg/cm?)®
parallel 2.33 2.35 2.33 2.47 2.92
perpendicular 1.22 1.36 1.22 1.34 1.56
Dimensional stability (%)
at 70°C X 48Hrs
parallel -1.4 -1.0 -0.7 0.6 -0.8
perpendicular -0.3 0.3 0.3 -0.2 -0.2
K Factor (Kcal/m.h.C)¥ 0.0149 0.0147 0.0148 0.0147 0.0148
Adhesive Strength (g/cm?)? 25 12 28 36 52

1) Free rise. Mold : 2 { PE—cup
2) Minimum fill panel densities in a 50X50x4.5(cm) Mold.
3) Panel (Mold : 50x50%4.5(cm)), Pack percent=115%
K Factor : ANACON MODEL 88 (after one day at 25TC)
adhesive Strength (paper 5 X 5cm)
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Fig.31 Relationship of cream time and foam
density in CFC-11 & HCFC-141b blown

systems.

Table30 Reaction times and.physical properties in HCFC-blown system

Catalyst L33 MR NP DMCH TE ET B20
(pbw) 2.6 2.2 3.7 3.0 2.4 2.5 2.3
Reaction times !’
Cream time  (sec) 20 16 14 13 13 4 12
Gel time (sec) 59 60 60 61 61 60 61
Tack—free time (sec) 70 73 80 85 91 65 74
Rise time (sec) 95 99 96 101 98 99 99
Physical properties
Core density (Kg/m?®) U 24.5 23.4 22.9 22.9 23.1 23.1 23.5
Open Mold 2)
Density overall (Kg/m? 31.8 29.4 28.9 29.3 28.6 28.8 28.5
core 27.6 25.7 25.2 24.9 25.2 26.0 25.0
Compressive strength (Kg/cm?) 2)
parallel 1.91 1.63 1.59 1.44 1.34 1.71 1.48
perpendicular 0.64 0.54 0.59 0.52 0.47 0.60 0.50
Dimensional stability (%) 2)
at-30C X 48Hrs
parallel -1.1 -0.9 2.2 -3.0 -7.1 -1.3 7.8
perpendicular -34.3 -37.1 -35.1 -35.2 —48.0 -31.0 -46.4
K Factor (Kcal/m.h.C) % 0.0155 0.0154 0.0159 0.0158 0.0156 0.0164 0.0158

1) Freerise. Mold : 2 PE-cup
2) Panel (Mold : 50x50x4.5(cm))

K Factor : ANACON MODEL 88 (after one day at 25TC)

(30)
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Table31 Reaction and phisical properties on 141b blown rigid foam system.

Catalyst MR MR DMCH DMCH NP MR/DT MR/TMF DMCH/TMF NP/TMF F75/NP
(pbw) 2.32 2.20 3.00 2.80 2.32 1.46/0.46 1.57/1.00 2.20/1.00 2.75/1.00 3.0/1.7
H.O (pbw) 2.0 2.4 2.0 2.4 2.0 2.0 2.0 2.0 2.0 2.0
Free rise foam"
Reaction profiles (sec)
Cream time 14 12 12 13 12 9 10 9 8 8
Gel time 49 50 49 49 50 50 50 50 50 49
Tack—free time 65 68 69 58 65 66 65 66 65 67
Rise time 73 74 77 70 75 77 77 78 77 78
Core density (Kg/m?) 24.0 22.6 23.8 22.4 23.8 23.8 22.7 22.8 22.8 22.4
Panel mold foam?
100% packing foam
Minimum fill density (Kg/m?®) 30.7 28.9 29.9 28.2 30.0 29.7 28.8 28.7 28.6 28.0
Core density (Kg/m?) 26.7 254 25.9 24.6 26.3 26.0 25.3 24.9 24.9 24.8
Dimensional stability (%)

No.1 part —-20.7 -38.4 -13.1 -17.8 -11.7 -12.9 -11.3 -4.7 -4.0 -1.1

K-Factor (mW/m.K) 17.1 17.4 17.3 17.6 17.3 17.4 17.1 17.1 16.9 16.9
112% packing foam

Over all density (Kg/m®) 34.3 32.4 33.6 31.7 33.9 33.1 32.5 32.5 32.0 31.6

Packing ratio (%) 118.8 111.1 112.6 112.5 112.8 111.4 112.8 113.3 111.8 112.7

Compressive strength (Kgf/cm?)

Parallel 2.2 1.97 1.92 1.87 2.09 1.94 1.97 1.79 1.76 1.83

Perpendicular 1.13 1.06 1.08 1.01 1.23 1.04 1.05 1.02 1.09 1.06

Ratio (%) 1.96 1.86 1.78 1.85 1.70 1.87 1.88 1.75 1.61 1.73

Dimensional stability (%)

Max. -1.§ -3.1 -0.8 -1.3 -0.2 -2.0 -0.2 -0.2 -0.2 0.0
K-Factor (mW/m.K) 17.6 17.8 17.6 17.8 17.6 17.7 17.3 17.4 17.3 17.3
1) : Free rise foam, mold=21 polyethylene cup.

2) : Open mold foam, mold=50x%50X4.5cm
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Fig.32 Effect of blowing amine catalyst on
foam density.
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Table32 Reaction and phisical properties on Cyclopentane blown rigid foam system.

Catalyst L33 MR DMCH NP TE PMDPTA B20
(pbw) 2.70 2.50 3.47 4.20 2.68 2.63 2.60
Free rise foam "’
Reaction profiles (sec)
Cream time 19 14 12 13 12 12 10
Gel time 50 50 50 49 50 50 49
Tack—free time 65 62 68 58 75 57 67
Rise time 71 72 74 70 80 71 77
Core density (Kg/m?) 26.6 25.9 25.7 25.8 25.5 25.8 25.3
Panel mold foam 2
Minimum fill density (Kg/m?) 34.3 32.6 31.8 32.0 31.5 32.2 31.1
Core density (Kg/m?®) 30.9 28.7 27.8 28.2 27.6 28.3 27.4
Density distribution (Kg/m?)
No.1l part (Bottom) 30.9 30.8 30.1 30.8 30.1 30.8 30.0
No.2 part (Middle) 33.8 33.2 31.8 32.2 32.1 32.8 31.6
No.3part (Middle) 36.1 35.8 34.7 34.6 34.7 35.1 33.9
No.4 part (Top) 33.5 33.0 32.1 32.6 31.9 32.8 31.7
No.5part (Top) 33.2 33.0 31.9 32.5 32.1 32.5 31.7
Max.~Min. 52 5.0 4.6 3.8 4.7 4.2 3.9
Dimensional stability (%)
No.1lpart (Bottom) -12.1 4.7 4.4 -1.3 -2.2 -2.4 -1.8
No.2part (Middle) -1.7 -0.4 -1.6 -0.7 -2.2 -0.9 -2.0
No.3 part (Middle) -1.5 -1.3 -0.9 -0.9 -2.4 -0.9 ~2.4
No.4 part (Top) -8.3 —4.4 -2.8 ~2.2 4.8 2.2 -2.8
No.5part (Top) -13.2 -5.5 -6.0 -1.8 —4.0 -3.1 -5.0
Average 7.4 -3.3 -3.1 -1.4 -3.1 -1.9 2.8
Cell size (pm)
Parallel 355 348 331 315 335 330 310
Perpendicular 195 206 211 210 215 212 205
Ratio 1.82 1.69 1.57 1.50 1.56 1.56 1.51
K-Factor (mW/m.K) 18.9 19.0 19.2 19.0 19.2 19.0 19.0

1) : Free rise foam, mold=21 polyethylene cup.
2) : Open mold foam, mold=50X50X%4.5cm
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Table33 Reaction and phisical properties on Cyclopentane blown rigid foam system.

Catalyst MR MR/DT(3/1) MR/DT(3/2) MR/TMF MR/TMF NP/TMF DMCH/TMF
(pbw) 2.50 1.57/0.53 1.20/0.80 1.75/1.05 1.40/1.60 3.40/0.74 2.80/0.74
Ratio 100/0 75/25 60/40 63/37 47/53
Blowing/gelling ratio®’ 2.85 14.1 19.8 12.9 18.0 10.6 11.5

Free rise foam?

Reaction profiles (sec)

Cream time 14 9 8 9 9 10 10

Gel time 50 49 49 50 51 49 49

Tack—free time 62 67 66 66 67 66 72

Rise time 72 77 78 80 80 78 81
Core density (Kg/m?) 25.9 25.5 25.5 25.2 24.9 25.2 25.1
Panel mold foam?
Minimum fill density (Kg/m?®): 32.6 31.3 31.4 30.9 30.2 31.3 31.5

Density decrease (%) 0 3.8 3.5 5.1 7.2 3.7 3.1
Core density (Kg/m?) : 28.7 27.8 27.6 27.3 26.9 27.4 27.3
Density distribution (Kg/m?®)

Max.~Min. 5.0 3.4 3.4 3.5 3.4 3.6 4.0
Dimensional stability (%)

No.1 part (Bottom) —4.7 -1.5 -1.3 -1.3 -1.5 -1.3 -2.9

Average -3.3 -1.6 -1.5 -1.9 -2.3 -1.5 2.4
Cell size (pgm)

Parallel 348 349 359 299 290 279 290

Perpendicular 206 244 253 196 190 192 194

Ratio 1.69 1.43 1.42 1.53 1.53 1.45 1.49
K-Factor (mW/m.K) 19.0 19.3 19.7 19.0 19.0 18.7 19.2

1) : Reaction rate constant ratio : H,O0-TDI(1*/eq.mol.h)/DEG-TDI(1?/eq.mol.h)
2) : Free rise foam, mold=21 polyethylene cup.
3) : Open mold foam, mold=50X50X4.5cm
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MR/TMF —47/53
MR/TMF —63/37
MR/TMF =72/28
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MR/DT —83/17
MR/DT =90/10
MR =100
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Fig.33 Effect of blowing amine catalyst on demensional stability and
K-Factor.
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Fig.39 Effect of amine catalyst and water level
on K-Factor.
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