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Abstract: Polyurethane (PU) foams are used as a sound absorbing and cushioning materials in the automotive industry.
In this study, expandable polystyrene (EPS) was used as a filler and the effect of EPS in PU foams on the acoustic prop-
erty was investigated by varying its contents. Even if the content of EPS increased, there was little change in the internal
morphology of PU foams, because the EPS could not cause the deformation of the inner wall. However, as the EPS con-
tent increased, the low-frequency sound absorption performance increased, because the EPS acted as an obstacle to
increase the path of sound waves. Finally, to confirm the effect of EPS, EPS was removed using toluene. After removal,
the sound absorption performance showed a lower than that of PU foam with an EPS content of 0 wt%. EPS plays a
role in improving the sound absorption performance inside the PU foam.

Keywords: polyurethane foam, expandable polystyrene, sound absorption.
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2} J3}7 | 130 FARAARAR] (scanning electron microscopy,
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48 ME. 5+ &4 PU F2 EgolHl2 E2& PPG-
6000(ZFAF71%k: 2842, M,: 6000 g/mol, #5715 3, T34
3}38}, Korea)Z} toluene diisocyanate(TDI)2} methylene
diphenyl diisocyanate(MDI)7} &3% &Fo]iA]old| o] E
CG-7070S(%NCO: 36.8+0.5, 5&r]2%0]8}8}, Korea)’} 41
B2 AREHIJAT LE A, FHA] EPS(expandable
polystyrene, GN30HC, 973: 0.55+0.05 mm, & 3A]-7-3}3},
Korea)s AME-3t] 3= A% WHslE fF=skdicth & 344
WE WSE 04717 93 A5 Z0E DABCO
33LV(33% triethylenediamine, 67% dipropylene glycol, Air
Products and Chemicals, USA), @33} Zn] & BL17(78%
bis(dimethylaminoethyl)-etherformate  dipropylene  glycol
solution, Air Products and Chemicals USA)o] AF&-F St}
W whgol| 2gk Co, S Fieshr] S8l st A=
go| 7} /\]..Q_E]Oijr_ j_lzrl.z]. ARES AR 9 oqﬁo}v, ez}
&2 diethanolamine(DEA, M,: 105.14 g/mol, Sigma-Aldrich,
USA)o] AHEEIQITE. ddskar QP& Q] dolee] ks
A8 Al AW A(L-3002, Momentive, USA)7} AR

ZaH, Al46d A4, 202214

AR

AL, EPS7F F7FE PU & WH-9] EPS RS Al A3
13t 282+ EF9(toluene anhydrous, 99.8%, Sigma-
Aldrich, USA)o] AHE-=|31TE.

EC|PUE Y. 2 A SR E RS, A S, T
st Sl 7haA], DA, A EA )T o] Alohd|o] EL] g
N2 T 29AIR A EISUTE 941, Table 19] 2]l
et ZelE AlE"S ARt 13 S Sl dd s
Pr@wm o] &Alot|o] E= NCO index 1.0 25o] 7|
ak ].;o:zﬂ—_i z]z H]—o = _,.rt-sl.q. E;ﬂ&’_ /\]}\Eﬂ‘/]
12 & EULO 1 L Zo1xelA 1700 rpme] &£=2 1087 o]F
o];q*/ 2z} 33ke FAsk T3k} gl WS 98 6000
pme| &2 827 2Pk HF ¥kE3 PU A8 60°C

(200 mm*200 mmx50 mm)ol| A 2087+ 73

AR & o]'EH% 50+£10%2] Z-2ollA 72417F F1F B
gk A1 AR 98l F U 10 mmE AlA
gk 5, B4 7R AlEE AlFeiiTh

DEEX| 4. PU F9] BEZA] AL FARIAARA
(SNE3000M, SEC, Korea, at 15 kV, 30 kV)S ©]-&3}o] o]
vz FES A, o]ujx] A 27 33 Image Pro Plus
(Media Cybernetic, USA)E F3ll 1571¢] RO R2HE F&
(cavity)} PIMIT (pore)] 7] = S8t AP ATt
A AT WS e R F5 WAEE Alklste] A
Al Wi mE22] ¥slE 21sle]

B8 45 4. PU &9 35 A2 A9 a1+
3, F F79 impedance tube(H-FF3 7k SW420,
BSWA, USA, X533} -7+ SW470, BSWA, USA)S} 1/4
inch microphone(MPA41, BSWA, USA)S AH&-&to] =4 &}
Atk =4 A= 17 100 mm(A 553}, 63-1600 Hz), 2]
7 30 mm(E3F9}, 1000-6300 H2)2k 71 20 mme) 7202
A= AT F= /‘6]‘8 =4 A3= VA-Lab software(BSWA,
USA)E ol&at 3+ A= WAL, 37191 3+ 4

T Ao A RE e ST (acoustic activity, AA)T S

Table 1. Formulation Details for Fabrications of Flexible PU
Foams Including EPS Beads

Materials Contents (g)

Polyol PPG-6000 100

Gelling cat. 33LV 0.72

Blowing cat. BL17 0.08

Crosslinker DEA 0.60

Blowing agent H,O 3.00

Surfactant L-3002 1.32

Isocyanate CG-7070S¢ 44.84

Filler” 00 20 40 60 80 100

“NCO index: 1.0. "EPS GN30HC were provided KUMHO PETROCHEMICAL.
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7228 (noise reduction coefficient, NRC)©| AR&-E] ATt
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Figure 1. SEM images of the EPS beads in PU foams: (a) surface;
(b) cross-section; PU foams at specific EPS contents: (c) 0 wt%; (d)
10 wt%.
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Figure 2. Cavity size, pore size, and cell wall area ratio of the PU
foams including EPS beads.
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9} (dy= EPS $FFo] 0 wi%(reference), 10 wt% o] W+
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flow resistivity)o] S7FsA A2 &5 5] St
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(sound absorption coefficient)s =78 3} 3L, Figure 30
A= YERASITE. Figure 3914 EPSS] ggo] S718r=
o Al HAURE FIE AU R olsete As B
4= It} Figure 13} Figure 2014 EPS &} 3} w}2 PU
Fo W BEEA Wk A9 S skl o]
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Figure 3. Sound absorption coefficient of the PU foams including
various EPS contents.
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Figure 4. Acoustic activity and noise reduction coefficient of the
PU foams including EPS beads.
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Figure 5. Sound absorption coefficient of the PU foams (a) with
EPS beads; (b) without EPS beads after washing with toluene.
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Figure 6. Illustrations of the sound absorption mechanisms of the
PU foam (a) with EPS beads; (b) without EPS beads after washing
with toluene.
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