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Abstract
In this study, we identified how the water content change in various NCO index affects the static comfort of polyurethane

seat foam pad for automobiles. In order to identify factors that affect the static comfort, a static load test was performed
using UTM to plot a hysteresis curve. The hardness of the foam when it was modified by 25, 65%, hysteresis loop area,
hysteresis loss (%), and Sag factor were also obtained. By measuring the swelling ratio, it was confirmed that, as the water
content increased in a fixed NCO index, the hardness and crosslinking density increased while the restoring force decreased
due to the increase of urea bond. Also the Sag factor decreased due to the increase of surface hardness. As the NCO index
increased in a fixed water content, the urethane and urea bond reacted more with isocyanate, leading to an increase in hard-
ness and decrease in restoring force.
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Isocyanate index (NCO index)

Isocyanate equivalents

NCOinder= Polyol equivalent

Isocyanate equivalent 1)

diisocyanate2] WA=
flno. of functionality)

Isocyanate equivalent =

65%ILD
25%ILD @

Sag factor =

where 65% ILD : 65% load of polyurethane seat foam pad
(kgf/314 cm’)

25% ILD : 25% load of polyurethane seat foam pad (kgf/314 cm’)
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Table 1. Reference Data of Raw Materials

Ee)peet AE E W=l 3 qeigel vAs 9% 13

59

Raw material Functionality OH-v W 3
Polyol A 3 22 Mw : 7500
Polyol B 21 Copolymer polyol (SAN) + Mw : 5000 polyol
Cell opener
Surfactant Silicon copolymer
Catalyst A )
Catalyst B Amine catalyst
Blowing agent Distilled water
MDI modified MDI prepolymer
Table 2. Formulation for Polyurethane Seat Foam Pad
Index 95 Index 100 Index 105 Index 110
Polyol A 80 80 80 80
Polyol B 20 20 20 20
Cell opener 3 3 3 3
Surfactant 1 1 1 1
Catalyst A 0.45 0.45 0.45 0.45
Catalyst B 0.2 0.2 0.2 0.2
HO 23/24/25/261/27
HO 2.3 38.56 40.59 42.62 44.64
H0 2.4 39.94 42.05 44.15 46.25
MDI HO 2.5 41.33 43.50 45.68 47.86
H0 2.6 42.71 44.96 4721 49.46
H,0 2.7 44.09 46.41 48.73 51.05
22. B2|QaEt AlE E Tj=o| &Y 75%714) 33] 5 AT, 43] AF AF w2 8 AEe) A T
Ze)9eet A F Wso) 44 ke Bk Slslel 65 AL LRt )2 olgsle] 27] Eelfuw AE F A= A

kgm® DEZ 7= Z2]$eE AlE & 5400 mm x 400 mm X
100 mm)E 238 E=0JA cold cure method® #|Z&FITh NCO in-
dexZ 95914 11002 ua_wwu 2 FeRe 23004 2.7 pphp (part
per hundred polyol) = 7 AIZS ® <] E&]-9-#gh % vl3b]E Table
20f] YeRISITE

3.5 L PE 2ol &2 =S 217) 2.3 pphpollA] 24, 2.5, 2.6, 1
2|3 2.7 pphpE W3AA MDIZ AQ)3 H7EE 5 mingt 3000
RPMOZ Zuld& 3IGith oF 255 25 T2 Xdste] Zay
7 E5tdlT) o] AJolo] EE 24 h F<F conditioning SFITE H33 9]
SEE 60 C AAsta, A olFAE ddsh =Easich
NCO index+= 95, 100, 105, Z22]1L 1107F4] WHIAIHA 2™, two com-
ponent methodE AFE-8F0] Zgju)y E3talel] MDIE H7F 3, 8 s &
QF wHkska F&e) Fof 23 T3 elA 10 mingt A3AIZATE 9
B ZEde AE F 55 10 mingt A3A F, 285t 38

] e A

A A9le ARSI, o)F, Eel S A= 2o 3
Atk FAFE AW F B S

2.3. BXM

23.1. Yots &4 =4

ZE-EE AE F el FF ke Hrtst] flste] UTM
< ol gsto] ks 54 A1EE HPSTE TFre] 272 200
mm©|™, 100 mm/min?] 3}F &9} oFF AA SEZ A5 FA

o g Wdgo] 25, 65%A W A=
Tk

9} Sag factor, hysteresis loop
area, hysteresis loss (%)E

2.3.2. Swelling ratio 53
IR ZhwEAEE swelling ratio® DMA (Dynamic Mechanial

Analysis)® 13t = olth. AAsk gullo] A7 Jtuy pEA=
Ho| =g w7kx] GulE S5 o] swelling TT} - -]

M EE9EUE AE F A5l tadsE S5 Ate] swel-
ling ratio S-S AME3I3IUH23].
Z79Er AE Z F5= 20 mm x 20 mm x 20 mmE E ek

o BaYetA ALl &l tolueneo] BB EE W7EA] swel-

lingA1 71tk Swelling ratio= swelling® 3712 MZE-S 120 TeolA
2h ek Azslel BAE S3F 5, kel 2 A (3)2 Fakol
Fahgick
w, d,
Swelling Ratio =1+ (—=x d—) 3)
g s
where w; : is the weight of the solvent in gel (g)
wg : is the weight of the gel (g)

dr: is the density of the polymer (g/mL)
ds : is the density of the solvent (g/mL)
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Table 3. Properties of Polyurethane Seat Foam Pad
Index 95
2.3 pphp 2.4 pphp 2.5 pphp 2.6 pphp 2.7 pphp
Density (kg/m’) 64 64 63 64 65
25% ILD (kgf/314 cm’) 15.55 17.35 21.25 21.00 23.90
65% ILD (kgf/314 cm’) 48.30 54.95 62.75 64.35 71.45
Hysteresis loop area 299.98 343.17 424.62 445.02 502.77
Hysteresis loss (%) 15.12 15.31 16.20 16.75 16.85
Sag factor 3.11 3.17 2.95 3.06 2.99
Index 100
Density (kg/m’) 65 65 66 67 66
25% ILD (kgf/314 cm’) 18.80 20.25 22.40 26.50 28.90
65% ILD (kgf/314 cm’) 60.75 63.75 69.15 79.40 85.20
Hysteresis loop area 384.63 455.00 518.70 579.34 606.17
Hysteresis loss (%) 15.59 17.50 18.67 17.52 16.99
Sag factor 323 3.15 3.09 3.00 2.95
Index 105
Density (kg/m’) 63 65 65 65 67
25% ILD (kgf/314 cm’) 22.10 26.65 27.70 31.10 33.50
65% ILD (kgf/314 cm’) 66.30 78.50 80.20 91.15 102.00
Hysteresis loop area 458.09 519.05 531.55 673.58 771.51
Hysteresis loss (%) 16.66 15.84 15.79 17.63 18.60
Sag factor 3.00 2.95 2.90 2.93 3.04
Index 110
Density (kg/m’) 65 66 67 68 66
25% ILD (kgf/314 cm’) 25.35 29.15 33.15 33.90 36.25
65% ILD (kgf/314 cm’) 76.6 82.5 94.5 97.45 102.25
Hysteresis loop area 524.81 629.48 724.35 742.62 794.99
Hysteresis loss (%) 16.40 17.82 18.01 18.52 18.60
Sag factor 3.02 2.83 2.85 2.87 2.82
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Figure 1. Hysteresis curves of polyurethane seat foam pad with various water content and NCO index.
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Figure 2. ILD for 25, 65% of Polyurethane seat foam pad at various
NCO index.
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Figure 3. Conversion mechanism of polyurethane.
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Figure 4. Swelling ratio of polyurethane seat foam pad.
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