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AA o] ks WshrA EPS7F EElvdle 9] =2l 54 mAle 9FE 2AISIT EPS S4A7F E2]9-8
g 29| FeishEs 271, A 270, vAlE g, el s )] rlA s 9 vn)Eisl o, EPS §F
o] F7Istel et AR} o]HEAE FTlsITh 53], 35 A7)0l Hlate] o2 & EPS FHAIVE &
g 2 AAEF7] Wil olv] B A5 vl o|g€EA gEddA 8-S vwd 4§ EPSTF A
7he e Fol vl ek 8 7S UERATE meka R ISR QIE) AFEAE A EAIRS] 2§
7Fs7de] mig- Avkar & = 9l

Abstract: Polyurethane (PU) foams are widely used for seat cushioning materials in automobiles. The comfort properties
of PU foams can be enhanced by adding various fillers to the base formulations. In this study, physical properties of PU
foams were investigated by varying the content of expandable polystyrene (EPS) beads. EPS beads rarely changed the
morphology (pore size, cavity size, pore ratio, and open porosity) of PU foams, but the sag factor and hysteresis loss
increased as EPS beads were added. Especially, the stress values of the EPS-filled PU foams were much higher than those
of the PU foams previously reported at a similar level of hysteresis loss. Therefore, it is promising to apply the EPS filler
particles in manufacturing the PU foams for automotive seat applications.
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A=)
< PU ¥ F& 718 o 7194 | = Qs ofuA]7} A
Z2]-9-@ ek Z(polyurethane foam, PU Z)& =& 714 7 AEe 27] F1kelth wEb PU o] 9SS 89
e, 7h 2 T, 439 Golgt wZl xpF W FAAA) < 9, Y B e AA veRbe S40] o a2
2 SSAIRE Ee] AR L QUTE? 53] thkseh A5 Al=F P HEEstrur)e] A2 FEV] Al o=, o1
Ui Qbertel] tigh @417F oA AL lom Asat Ay d FHo] oA 2 & AdFEE 2 HH A5 A o
Ae AE FAAS et g tigh AE AHH o= Agk 88 AR "d 1 A 7Y P90 He F2
gstar et o &5, AR A AKsag factor)2} o] EH =4 AFAZ AMGE 7] Asitarl & 4 k. 2Est P99
(hysteresis loss)©] PU 9] HEEALS YEl= tl2E < HAT

zfeIH, o] 5L PU 78] ¢S WY w7vSs 2% &
ol QIth Y5 PU #9] o|g=4 (hysteresis curvey> A

A o 2 A €A (linear elastic) 9, I (plateau) FY,
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Table 1. Formulation Details for Fabrications of PU Foams

Raw material Content (g)
Polyol (KE-810) 100
Gelling catalyst (33LV) 0.72
Polyol Blowing catalyst (BL17) 0.08
system Cross-linker (DEA) 0.6
Blowing agent (H,O) 3
Surfactant (L-3002) 1.32
Isocyanate? CG-7070S 45.69

EPS filler 0.00 1.00 2.00 3.00 4.00 5.00
“NCO index : 1.0

Eo| g 9 £ B4 Wls AR dEo] Wiy
ATE> Serban 52 78 HHE HUISH A2 PU £ 5
3 Fegh Wske vvlsiRoy el A IS =
AFE B I3} Stanzione 52 AEZ Q. A~E 278k PU

A= LESFETE! T3 Malewska 52 EPS7F A71H 73
4 PU # AAEFH 53 71A18 5483 X4 8-S
ANsIRom FHEgo] M) ol TRe AL BT

durA o' EPS YAte EAA|, SEAE ARG E = R
Fe|zEldlo] dsolth TgAQ] 2] (styrene)®] 7H4 0]
AHst 714 A o] pshe, &old 7, et 7
AR -2 B 5o lete] o= g AREEAL Q)
T} EPS 4AFE 743 PU ol H7iste] dgA 2 o=
e To] HIkE 2R S0l Bard uf glont P EPS
PAE AE PU Foll H7tsted et 54 wistE AAE 4
T BAEA] ettt webs, 2 AellA= EPS X419
A7rel EPSe] & Wishrt 91 pU F9] e £ mlH|
= YIS ZAPIIATE PU 9] IS, E8]4 54S &
23}7] 9138 A AFE 1] 7 (scanning electron microscope,
SEM), YFsA15A18 7] (universal testing machine, UTM)S A}
B3kt

8

A8 M= NES PU &5 sl Slotd FAEE &
ol H 2 Z2-&(KE-810, FAH71%k: 2842, A 6000 g/
mol, #5714 3, KPX Av|Z, Korea)} toluene diisocyanate
(TDI)} methylene diphenyl diisocyanate(MDI)7} & 3§54 o
U= 02O O] E(CG-7070S, %NCO: 36.8+0.5, F&1]2%
o]3}3}, Korea)s AHE-IRATE 9] |4 FXIAT17] 1%
Zvll 2 DABCO 33LV(33% triethylendiamine, 67% dipropylene
glycol, Air Products and Chemicals, USA), @32 E ZZIA|7]
7] $13F 02 DABCO BL17(78% bis(dimethylaminoethyl)-
etherformate dipropylene glycol solution, Air Products and

Z2H, Al46d A1, 202214

H8d

Chemicals, USA)S ARE-SFIATE. 22t Al A48k 7}
NAZE= diethanolamine(DEA, #4153 105.14 g/mol, Sigma-
Aldrich, USA), %5 @343P7] 913k BEZA 2= o]2o] AA
H FRTH0), FeHsH A 2 dse] £ oMY
AL Eol7] 9% FEAZE L-3002(Momentive, USA)S
ARE3IQITE. Zo] FHAEE EPS(GN30HC, 9473 0.55+0.05
mm, &34]-53818}, Korea)s AME-3I3ATE.

PU & &4d. Table 1°] AAE Aol w} FesA5E)
EEE, A Full, 2 s} Fuf, 7haA], A, HE2A)
< 1L ZFolgel 92 &, XA EPS YAE F718t
1700 rpmollA] 1082 5t E3tslGith. S5A7F 23k &3t
EE & Ao Aol wa} o] AJo[o| EE 7}t
6000 rpmollA] 63 &t STt FE|SA|2Fl3 o]ilof
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37} PU £l W= 9FS A8h7] $18te] EPSe] e
< 0%00A 5%HAE HSAA F& AZsIA

HENE B4M. PU 59 FET 242 AR R
(SNE3000M, SEC, Korea, at 15 kV)& AM&-31] gyl
m Z AZo| 2HE(MCM 100, SEC, Korea)® 98-S
A F AAEF 10719] ARIS AU} Image pro plus(media
cybernetic, USA) Z2 1S 53 PU #2] 3-5(cavity) 2
HAl T (pore)®] 715 S48t H+atd EFAUAE 4
ATk ES wAe] Fej(FHY, FEF R gAY, &
31yl whet v)AlE ] 7] ¥ %= (open porosity) 2 H] AT
H| & (pore ratio)ye A3 EAoll= AET HFH o
oF 807H¢] &5 5007H<] PIMlFH(EHE 23070, A
aAF 21070, 2903 6071)°] AHE-E ATt

221X M. PU & HZ(50x50x25 mm’)yS Az & 7t
SAEAIE71(LS1, Lloyd Instruments Ltd., UK)E ©]&3}]
100 mm/min®] £E=2 oH] 4=5(33])S T8l &o] FsE
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Figure 2. SEM images of PU foams at various EPS contents.
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Figure 3. Morphology analysis of the PU foams as a function of

EPS content: (a) average cavity; (b) pore sizes; (c) pore ratio; (d)
open porosity.
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A= AREEIS7] el flellM 71 vkt WrEe] 9
ol Fefetol] WgEA B o= ArhEr)
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2eg o] Ay 5 YepdLh viR7R 2 EPSe] 7t
7} PU 9] sty wsle] m|X|= FgFo] vju|ste] nlA
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Figure 4. Stress values of the PU foams as a function of (a) strain;
(b) EPS content.
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Figure 5. Schematic illustration of a deformation mechanism of the
PU foams under a compression mode.
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Figure 6. Sag factor of the PU foams as a function of EPS content.
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Figure 7. Hysteresis loss of the PU foams as a function of EPS con-
tent.
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