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Investigation of Low Density All-MDI HR Foams for Thin Designed
Automobile Seating

Keita ISHIBASHI
Naoya YOSHII

Eco-friendly and safe vehicles have attracted great interest in the global automotive industry in recent years. In
order to comply with social requirements, regarding flexible polyurethane foams, which are used extensively for
automotive seating, the reduction of their weight to lower fuel consumption and the development of low VOC type
and low-odor type have been demanded.

Thin seat design combined with spring systems has been introduced instead of reducing the foam density because
of its superior riding comfort properties, and it has been successfully applied to actual automobile interior parts since
the 2000’ s in Japan. However, there is still an overwhelming demand for the improvement of foam properties and
riding comfort of thin designed automobile seating. Under these circumstances, TOSOH Corporation has developed
a special MDI system meeting these demands, as a result of applying advanced MDI prepolymer technologies with
the latest amine catalysts and the newly developed PPGs.

1. A weight reduction at least 30% greater than that possible with conventional thickness reduction technology is
achieved.

2. The improvement of the MDI prepolymer technology enables efficient control of hysteresis loss and stress-strain
curve, factors that represent its durability

3. The excellent features of the MDI foam, such as soft surface touch, vibration characteristics and durability are
maintained with low density foam

4. Introducing a new reactive catalyst RZETA attains low VOCs and low odor without loss of foam properties and
productivity.

This paper describes and compares the vibration characteristics and durability performances of newly developed
modified MDI, specialized polyol and reactive amine catalyst systems with those of conventional MDI seat systems,
and reports on the superiority of the new technology.
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Table 1 Conditions for Foam Sample Preparation
Mold size 1300X300X70[mm] , aluminium
Components temp. :25[C]x1[C]
Mold temp. :60[°‘C]lE1[C]
De-mold time : 5[min.]

Crashing condition

: Once after de-mold in 10 sec.

Conditioning before testing

:23[°C] £50[%RH]

Table 2 Raw Materials

Category Name Description Specification
MDI 1 MDI prepolymer modified by PPG NCO value=28.8[%1]
MDI 2 Unmodified MDI NCO value=32.4[%]
Isocyanate
MDI 3 MDI prepolymer modified by PPG NCO value=31.7[%]
T/M TDI / polymeric-MDI=80/ 20 NCO value=44.5[%]
PPG A Polyether polyol OHv=23.5[mg KOH/ g]
PPG B Polyether polyol OHv=24.0[mg KOH/ ¢]
Polyol PPG C Polyether polyol OHv=23.5[mg KOH/ g]
POP A Polymer polyol OHv=23.5[mg KOH/ g]
POPB Polymer polyol OHv=28.0[mg KOH/ g]
Cell opener Cell opener A OHv=28.0[mg KOH/ g]
Cross linker ~ Cross linker A OHv=840[mg KOH/ g]
TEDA L33 Gelling (Conventional) —
TOYOCATET Blowing (Conventional) —
RZETA Gelling (Reactive) —
Catalyst N.N,N-trimethyl-N'-
Catalyst A Blowing (Reactive) hydroxyethyl
-bisaminoethylether
Silicon Surfactant A For HR mold foam
surfactant Surfactant B For HR mold foam
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Table 3 Conditions for Quantification of the Catalyst

Foam sample size

30X30X30mm

Amine extracting condition ~ Extracting Solvent: Acetonitrile[100ml]

Analyzer

GCMS-QP2010

Analyze method

SIM mode
Internal standard method

GC condition

Column : 0.25[mm] X30[m]
Film Thickness : 0.25[pm]
Injection temp. : 250[°C]
Detector temp. : 250[°C]
Oven temp. : 50-270[°C]

Table 4 Conditions for Measurement of Odor

Foam sample size

80X 80X80[mm]

Atmosphere

25[°C]1X55[%RH]

Measuring device

COSMOSXP-329 ODOR CONCENTRATION METER
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Figure 1 Comparison of Stress-Strain Curves
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Figure 2 Comparison of Body Pressure Distribution
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Table 5 Effects of Direct Density Reduction of Conventional MDI system

Isocyanate MDI1 | MDI1 | MDI1 | MDI1
PPG A 90 90 90 90
POPA 10 10 10 10

Cell opener A 2 2 2 2

TEDA L33 0.45 0.45 0.45 0.45

TOYOCAT ET 0.09 0.09 0.09 0.09
Surfactant A 1 1 1 1
H:0 3.5 35 3.5 35

NCO Index 78 85 93 105

MDI 1 47.2 514 56.2 63.5
Properties

0.AD. [kg/ m?]

60.4 55.4 50.4

25%ILD [N/ 314cm?]

Hysteresis Loss [%]

BR [%]

50% CS Dry [%]

50% CS Wet [%]

Resonance frequency [Hz]

Transmissibility at resonance [—]

257 254 251
28.8 30.8 33.3

60 59 58

*
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Figure 3 The Results of Dynamic Durability Measurement
Comparison of vibration absorption seat pads (density=57kg/m®)
30°C X 80%RH, 3hrs X 3HzX 40kgf
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Figure 4 Comparison of Stress-Strain Curves at Initial Deflection
Table 6 Properties of Newly Developed MDI Base Seat Pad System
Isocyanate MDI1 MDI1 MDI 2 MDI 3
PPG A 90 90
PPG B 75 75
POPA 10 10
POPB 25 25
Cell opener A 2 2 4 4
Cross linker A 2.5 2.5
TEDA L33 0.45 0.45 0.35 0.35
TOYOCATET 0.09 0.09 0.08 0.08
Surfactant A 1 1
Surfactant B 1 1
H:0 35 3.5 4 4
NCO Index 85 93 93 93
MDI 1 51.4 56.2
MDI2 63.8
MDI3 65.2
Properties
0.AD. [kg/ m?] 55.4 50.4 45.2 45.3
25%ILD [N/ 314cm?] 254 251 256 248
Hysteresis Loss [%] 30.8 33.3 33.5 31
BR [%] 59 58 56 59
50% CS Dry [%] 4.6 4.8 5.1 4.9
50% CS Wet [%] 9.9 11.2 125 10.2
Resonance frequency [Hz] 3.8 3.9 4.3 4
Transmissibility at resonance [—] 3.1 3.5 3.6 3.2
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Table 7 Properties of Newly Developed PPG System

Isocyanate MDI 1 MDI3 | MDI3
PPG A 90
PPG A 75
PPG C 75
POP A 10
POPB 25 25
Cell opener A 2 4 4
Cross linker A 2 2
TEDA 133 0.45 0.35 0.35
TOYOCATET 0.09 0.08 0.08
Surfactant A 1
Surfactant B 1 1
H:0 3.5 4 4
NCO Index 78 93 90
MDI 1 47.2
MDI 3 65.2 62.9
Properties
0.AD. [kg/ m®] 60.4 45.3 454
25%ILD [N/ 314cm?] 257 248 252
Hysteresis Loss [% ] 28.8 31 28.4
BR [%] 60 59 63
50% CS Dry [%] 4.6 4.9 4.1
50% CS Wet [%] 8.1 10.2 8.6
Resonance frequency [Hz] 3.7 4 3.8
Transmissibility at resonance [—] 2.7 3.2 2.9

Table8 Comparison of foam properties

Samples Conventional Catalyst Reactive Catalyst
) Cream Time 17 17
ProﬁleE Soefcl.z]eactlon Gel Time v a1
Rise Time 108 104
Catalyst System TEDA L33/ TOYOCATET | RZETA/ Catalyst A
Catalyst Level [ppm] 2458 5021
Properties
0.AD. [kg/ m’] 454 45.2
25%ILD [N/ 314cm?] 245 241
Hysteresis Loss [%] 28.4 28.9
BR [%] 63 63
General | Tensile strength at break [kPal 156 158
physical Elongation at break [% ] 101 102
properties | Apole tear strength [N/ cm] 5.2 5.2
50% CS Dry [%] 4.1 4.1
50% CS Wet [%] 8.6 9.2
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Table9 Free Amine Catalyst Measurement

Samples Conventional Catalyst | Reactive Catalyst
Catalyst Adding Value [pg/ml] 9.4 22.2
) Extracted Catalyst [pg/ml] 3.2 Not Detected
Just After Demolding -
Extract Ratio [%] 35 0.0
) Extracted Catalyst [pg/ml] 0.5 Not Detected
30 Days After Demolding -
Extract Ratio [%] 5 0.0
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Figure 7 Temporal Changes in Foam Odor
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