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The Nobel All-MDI Flexible Polyurethane Foam System for the Low Density
High Durable Automotive Seat Backrest
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Keita ISHIBASHI
Naoya YOSHII

In the coming years, the Ministry of Health, Labor and Welfare intends to list TDI as a poisonous or deleterious
substance under the poisonous and deleterious substance control law in Japan. In Japan usually TDI/MDI blend
(T/M) systems have been used as raw materials for PU mold flexible foam, but this has changed now. Because of
its low viscosity, high concentration of isocyanate groups and low functionality compared to polymeric MDI, T/M
blends contribute to low density and high mechanical properties of flexible PU foam. However, it also has certain
drawbacks such as hazardous working conditions because of its high vapor pressure, low durability due to low
functionality and poor riding comfort resulting from large urea domain formation. In contrast to that, it has been
proven that the urethane-modified MDI base system could overcome these disadvantages that were found in our
previous paper presented at CPI 2014, even though the density reduction is still a priority issue to be solved.

On the basis of this context, the novel All-MDI seat backrest system, which exhibits less than 40 kg/m® core
density, has been investigated with our modified isocyanate technologies. Here, the newly modified MDI system,
which provides a wide process range for low density foam, high durability and excellent surface softness, will
be introduced. We will further demonstrate that newly developed polyol and catalyst systems exhibit low VOC

emission and better foam properties in the seat backrest systems.
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Table1 Conditions for Foam Sample Preparation

Mold size 300X 300X 100mm, aluminium
Components temp. 25°C £1°C

Mold temp. 65°C £1°C

De-mold time 4min.

Crashing condition Once after de-mold in 10sec

Conditioning before testing | 23 °C =50%RH

PPG 1 : PPG 2
L ] 52,

AFM image (20X20.m)

Modified MDI Foam

Large urea domain

Fig.1 Characteristic of the modified MDI
(Control size and distribution of urea domain)
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Table 2 Raw Materials

Category Name Description Specification
/M TDI / polymeric-MDI = 80/20 NCO value = 44.6%
Isocyanate
Modified MDI Urethane modified MDI NCO value =31.7%
PPG A Polyether polyol OHv = 28mg KOH/g
Polyol PPG B Polyether polyol OHv = 24mg KOH/g
PPG C Polyether polyol OHv = 24mg KOH/g
POP A Polymer polyol OHv = 22mg KOH/g
Cell opener Cell opener Polyether polyol OHv = 28mg KOH/g

Cross linker A

Cross linker B

Cross linker
Cross linker C

Cross linker D

Compatibilizing agent A

Compatibilizing agent | Compatibilizing agent B

Compatibilizing agent C

TOYOCATET Blowing (Conventional) -
TEDA L33 Gelling (Conventional) -
Catalyst
Reactive cat. A Gelling (Reactive) -
RZETA-HD® Gelling (Reactive) -
Surfactant A Silicon surfactant For HR mold foam
> Surfactant B Silicon surfactant For HR mold foam
Silicon surfactant
Surfactant C Silicon surfactant For HR mold foam
Surfactant D Silicon surfactant For HR mold foam
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Table3 Conditions for Measurement of Odor

Foam sample size |80 X 80 X 80mm

Atmosphere 25°C X55%RH

Measuring device | COSMOSXP-329 ODOR CONCENTRATION METER

Table 4 Conditions for Vibration Characteristics

Foam sample size | 300X300X50mm
Load 22kg

Pressing Plate Tekken type
Amplitube 5mm

Vibration 1-10Hz
Atmosphere 23°C, 55%RH
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Table5 Conditions for Measurement of Aldehyde emission

Analyze method

DNPH method

Foam sample size

80X100X50mm

Aldehyde collecting condition | 65°C, 2h, 10L Tedlar® bag (5L Nz filling)

Aldehyde extracting condition | Extracting Solvent: Acetonitrile (1%w/v)
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Fig.2 Relations of Density and Water
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Table 6 The Results of storage stability

Aditive Stability (40 “C)
0 0.2 0.6 1.0
Compatibilizing agent A
Separate (1day) Stable Separate (5days) | Separate (1day)
0 0.2 0.6 1.0
Compatibilizing agent B

Separate (1day) |Separate (3days) | Separate (1day) | Separate (1day)

0

0.2 0.6 1.0

Compatibilizing agent C

Separate (1day) |Separate (1days) | Separate (1day) | Separate (1day)
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Table 7 Properties of T/M and MDI 1-5 systems

sample T/M | MDI1 | MDI2 | MDI3 | MDI4 | MDI5 Sp;?gf:;on
PPG A 55
PPG B 100 100
PPG C 100 100 100
POP A 45
Cell opener 3 3 3 3 3 3
Cross linker A 1.5
Cross linker B 0.5
Cross linker C 0.5 0.3 0.3 0.3 0.3
Cross linker D 2 2 2 2
Compatibilizing agent A 0.2 0.2 0.2 0.2
TOYOCAT ET 0.06
TEDA L33 0.2 0.77 0.77 0.77
Reactive cat. A 54
RZETA-HD 2.0
Silicon Surfactant A 0.9
Silicon Surfactant B 0.6
Silicon Surfactant C 1.0 0.6 0.6 0.7 0.7
Silicon Surfactant D 0.4 0.4 0.3 0.3
H=0 4.3 6.0 5.4 5.4 5.2 5.2
Properties
Core Density (kg/m®) 40 40 40 40 40 40
25%ILD (N/314cm?) 160 160 160 160 160 160
Hysteresis Loss (%) 25.7 39.2 30.8 30.2 31.5 29.5
BR (%) 66 48 59 61 58 61 = 50
TB (kPa) 140 160 145 141 147 140 =78
EB (%) 108 105 101 100 98 100 = 100
TR (N/cm) 5.9 5.9 5.1 49 5.1 4.89 =49
50% CS Dry (%) 6.5 10.5 5.8 5.5 7.2 5.4 =10
50% CS Wet (%) 16.1 214 15.6 12.6 16.3 12.9 =25
BT 2LEDLNTEHED., KA — KO — B 2200
LeiT-7, BOENTME T + — LDMAVERER, # 2000 4 —4—TEDA-L33 (MDI3)
1800 —+—RZETA-HD (MDI5)
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Frahs 2 &g, ® o
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Fig.3 Temporal Change in Form Odor
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Table 8 Result of Aldehyde Emission Measurement

Target

Isocyanate T/M | MDI5 Specification

Formaldehyde (ug) 0.1 0.08 = 0.08
Acetaldehyde (1 g) 0.45 0.16 =0.10

Transmissivity [times]
[\")

Freaquency [Hz]

Fig. 4 Result of Vibration Characteristics
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Fig.5 Result of Attenuation Factor
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MDI 5 Seat backrest

Fig. 7 Results of Body Pressure Distribution
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Fig.8 Comparison of Cure Rate
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Fig.9 Comparison of Hardness Measurement

v— FOBRFICERIIL 72,

< Mk BT O B E M PPGL SO0 Y il RZETA -
HD ##lAADHLELZHET, 2TV 28 2, A
PEOPES R IZM A, K VOC, KEKD Y — b
28y F IR S .

ARG IERERD T/M AT & ek LT 1R %
BEET B L & BT, e O - IREIRINE I
2 TS EEZ E - PO B, HU5
12 & % NCO Index FEMfi & B2 28 W] BE & Wy 7= (B
MEFEFoh 5,

5. ZEXH
[1] Koshute, M., SAE Technical Paper No. 930633
(1993)

[2] Pique S., Utech Conference (1994)

[3] Nakamura H., Lee Y.J., Utech Asia (1997)

[4] Murakami S., Saiki K., Hayashi M., Satou T.,
Fukami T., Polyurethanes Conference (2000)

[5] Yoshii N., Sugawara M., Nagaoka T., Saiki K.,
Polyurethanes Conference (2003)

[6] Egawa S., Ishibashi K., Yoshii N., Polyurethanes
Conference (2008)

[7] Fregni S., Fanget A., Polyurethanes Technical
Conference (2010)

[8] Ishibashi K., Orito H., Okiyama Y., Yoshii N.,

53



TOSOH Research & Technology Review Vol.63 (2019)

Inoue Y., I Polyurethanes Conference (2014)

[9] Suzuki T., Kiso H., Takahashi Y., Tucker J.,
Polyurethanes Technical Conference (2010)

[10] Nishimatsu T., Sekiguchi S., Toba E., Sen'i
Gakkaishi, 52 (5) , 253-260 (1996)

4



