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Abstract: Flexible polyurethane foams are used in targeted applications depending on the specific frequency ranges. In
this study, low molecular weight polyol (TF400) and DBTDL gelling catalyst are selected as control parameters to exam-
ine their effects on the cellular morphology and acoustic properties. As the contents of the TF400 increase, the cavity and
pore sizes get smaller. The cell wall area ratio shows the lowest value at 50% TF400, and it increases drastically after
75% TF400 contents. These morphological results are closely related to the highest acoustic activity at 50% TF400. Air
flow resistance also gradually increases with increasing the TF400, and it rapidly increases due to high cell wall area ratio
after 75%. Therefore, air flow resistance and cellular morphology are dominant factors to improve acoustic properties at
low frequency regions in the polyurethane foams including low molecular polyol.

Keywords: polyurethane foam, cell wall, acoustic activity, air flow resistance, morphology.
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Aet. RN = 252 Z717F AL vAl 7 o] 24
o= dd v AEs SeFuY Hel g7t ddides
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o] yro} yFul= 3t AEE AN FHsA] Holal w1
oM A=} F5 el FhH oz Yopit), Bid wl
e 94 PU F2 I59 JYolH 958 F5ES 1o
A%, AT oM e F5 S Elvke AR
< 7HAAL 33 ol & s dshr] flsl B A7 Ay HL
Atk PU &2 Ui P35, niAl7ge] 271, 354
HAHNS = s AFA Aol 7] wiEell FEgt
o WskE flal 712d o] vigh u) vpekek S, A
ATES HFR ke A7 IYEA dE Y, MDI
(methylene diphenyl diisocyanate)2} IPDI(isophorone diiso-
cyanate)®] EF G4 1PDIS] o] Z7hA17A AriHo
2 =2 wgol ofs] T5H A FIHI7IE Pk
F@eholE, Fa)e) vgo] F7141A A% Fot ¥ 4
8 SAIIE APAL Y0 F I A E0E
Mo %
£ Z7MIA 99YES Pl D77t ABET
2 Aol e ARAF E2& TR0 A3t o
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goll mAE YFE AR AEE S7HI7Ie A2t
F Z2)& TF400, ol A Ast oo AR &3S We
DBTDL2 &8t 35 =27], niAl7" <] 7ho =, A5t
o 54800 vAle S AAF LR A skt siei
olg]gt W=e] AMelo] PU Fo] FENgh} F= 54 HA|
= S dotr7] 98] FAFA P A (scanning electron
microscope, SEM)S ©]-8-&F Je e, Jud2 FH(impedance
tube)S 53 T2, A5 554 air flow resistance) 5= +
Aste] YEjgto]

¢

8
HEME. F5AQ PU F5 8] flel FASE F
79| ZYJHEEYE PPG-6000F&2] 38}, Korea,

A7) %k 2842, EAFEF: 6000 g/mol, 5714 3), TF-400
(MCNS, Korea, <=2F71%k: 40015, F413%: 400 g/mol, 5
7147 3) &9 o] AAJoRd|o]E CG-3701S(MDI 75%, TDI
25%, %NCO: 37+0.5, = 24]113}3}, Korea)7} AH-8-% At
e & 48 v SXI0717] ffal A3t ZujE DABCO
33LV(33% triethy-lenediamine, 67% dipropylene glycol, Air
Products and Chemicals, USA)9} DBTDL(95% dibutyltin
dilaurate, Sigma-Aldrich, USA), @323} Zv] 2 BLI11(70%
bis(2-dimethylaminoethyl) ether(BDMAEE) diluted with
30% dipropylene glycol, Air Products and Chemicals, USA)
o] ARGESITE Fe]HehE % FHE AlZatr] flal 38t
WA R o]2o] AA" SHT7FAREAUL, FHE R AL
& 7} A diethanolamine(DEA, Sigma-Aldrich, USA, Mw:
105.14 g/mol)o} QFYZIQ1 & FAHS Hxshe A& Aug
ZJA(L-3002, Momentive, USA)’} AF&-E ST}

E2|E &Y. PU T2 E8& A2H(EEE, A3 2

Table 1. Formulation Details for Fabrications of Flexible PU Foams

. Samples (2)
Materials
LO00 L25 L50 L75 LO0OD L25D L50D L75D
100 75 50 25 100 75 50 25
Polyol PPG6000 (1.00)  (0.75) (0.50) (0.25) (1.00) (0.75)  (0.50) (0.25)
(molar ratio)” TF400 0.00 1.73 3.46 5.19 0.00 1.73 3.46 5.19
(0.00) (0.25) (0.50) (0.75) (0.00) (0.25) (0.50) (0.75)
DBTDL - - - - 0.10 0.10 0.10 0.10
Gelling cat.
Polyol system DABCO 33LV 0.72
Blowing cat. DABCO BL11 0.08
Blowing agent Water 4.00
Crosslinking agent DEOA 0.60
Silicon surfactant L-3002 1.32
Isocyanate CG-37018" 57.29

“Calculated based on molecular number of PPG6000 100g. ®NCO index: 1.0.
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75 88 M& 2M. 5 &5 A (air flow resistance,
AFR)Z Zdele F8l AES taeE A5 F A,
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Figure 1. SEM images with various molar ratio of low molecular weight polyol (TF400) and gelling catalyst (DBTDL). L00O (a); L25 (b);

L50 (c); L75 (d); LOOD (e); L25D (f); L50D (g); L75D (h).
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), 3y zEo] Aksiitt.

Open porosity = (N, +N/2)(Ny+N,+N,) 2)
Cell wall area ratio=1— (pore area/cavity area) 3)
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HA S YeRATE 2] (2)9F )l Al mlMlTE e Al
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o] Z7}sle] JMH =7} FA8A 2H4agth DBTDLS: 3715t
73%-, TF400 B]1€©0] 0.0 E =2 e 3hs zieth &
gl ZEollX PU 52 e} 73t FAlel| Yojulal DBTDL
2 A3lE 7HEAI7IE SR ARSET SR AlEtE =
PU Z2 HIE 7#9& o WF 48S dsAR H3k&
Z2A)7)= DBTDLY| ¢J3] WE e w24 wrslt), w
24l DBTDLS 7 79, W7o o] Aiao= =
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Figure 2. Cavity (a); pore (b) sizes of the PU foams, and their open
porosity and cell wall area ratio (c). Hollow symbols indicate no
DBTDL catalyst used, and solid symbols indicate the DBTDL cat-
alyst used.
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7hol A gk L50o M = 42470 2 Z 718k} L7504 2aFe)
TF4000l ¢J3] PU &2 d4o] opd ZA o] 548 vehd
th. PU &9 A&7t vlaa zof wMe] vlo] T4 3
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Figure 3. Sound absorption coefficients of the PU foams manufac-
tured without (a); with DBTDL (b), the dashed vertical lines mark
frequency values at o peaks.
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Figure 4. Frequency at oo maximum from the PU foams manufac-
tured without and with DBTDL.

H&o] e 5717 oF WYERHAT. Figure 3(a)2t 3(b)ol
A FFHOE o= TF400 H&©] S71rs e F3¢
T AFHYPH O R o]Fdhs AS B F Ut o= PU &
o] Hit ¥& F7|= TF400 vl&o] S7FePaA] Zaskal, PU
o] oM Sue) o5 4 2E LERHE 2= (tortuosity)
T mt 37K White 2 IhAETh Figure 3(a)2t 3(b)ellA
L759} L75De= th2 32 vl PU &2 Fejskill
o] A77F FobxA R, ko] TF40000 og HAsh= ¥
5o e T4 s 23 vMpye] EXE UM
oh mebr AT =2 FsE WA o] I 53t
7t AF FAA HRAER| T, AFTel M= F5e A7t
Zho} @F2 Faol| o5 -3 o ZE=T}. Figure 404
TF400°] H7FEHA A S5 F357F HAskal =5
DBTDL®] H7tE % Faste AL & F Aok L75E
900 Hzol| A1 0.682] §&71+E 2+l L75D+= 1200 Hzoll A
0.739] T-SAFE zh=t}. webd TF4002 DBTDLS 37}
& 739, PU £ AT F5 A5 dHE= A & +
A}, 0|2 FA3E| Yall, o= 7S AR S Sa &
& B £ FAeRE B 5 ok

23F A (acoustic activity, AA)F 22 7FA-S(noise
reduction coefficient, NRC) Z}2t AA|F=3<=a0lA 250, 500,
1000, 2000 Hzel A -&2°] E+tolth. AAS NRCE &+
E48 7P A H71E 5 e AEE, AAE JA Y o
oM HaF FLES YER) L NRCE AFY 5 A &
w3 AFsARe] A "l ogt g S E ARE
H7Vshe R ®o|th* Figure 5& TF400 H] &9 u}2 AAS}
NRCS YeRZ, ZEH 02 1507 L50D7H] £7sh= 7
S YeRdt), akAwk L75¢F L75DoA] AAE v|Al 3 9
N =7} 7A4dtar 3 Waue F45H S71s] i
ol L759] 7% 353 ZA25 U5 2dshA Eck uhd,
AT A 9] F& A5S YE= NRCE TF400 H]&°]
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Figure 5. Acoustic activity and noise reduction coefficient of the
PU foams manufactured without and with DBTDL. Hollow sym-
bols indicate no DBTDL catalyst used, and solid symbols indicate
the DBTDL catalyst used.
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RSl 3-s ] wWAHe] HjEsiths S & 5 Ut F
o A7t AETE AdHAT Ho| Holx|al FEY

(5 of

Zay, Al4548 A15, 20213

54
1 1 L 1 1

2
"E Without DBTDL
@ 10°F BN With DBTDL

> F

=

3

R

g

T

210k

E :

0.00 0.25 0.50
TF400 molar ratio

Figure 6. Air flow resistance of the PU foams manufactured with-
out and with DBTDL.
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Supporting Information: Information is available regarding
the experimental formulation details for fabrications of flex-
ible PU foams, the ratios of pore shapes manufactured with
low molecular weight polyol. The materials are available vis
the internet at http://journal.polymer-korea.kr.
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