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Abstract : At present, fuel efficiency improvement technologies, such as lightweight materials, engine efficiency
improvement, design modification, and eco-friendly car, are in progress due to the tightened international regulations. The

research on lightweight materials for the improvement of engine efficiency is ongoing. Thermoexpandable microcapsules
(TEMs) are one of the foaming technologies and composited of a core-shell structure with uniform increase in mechanical
properties. In this study, we applied TEMs for lightweight development to the conventional TPE sheet of layers of dash
insulation pad. We investigated the specific gravity, thickness, mechanical properties, acoustic properties, and pore size with
1, 3, and 5 wt% contents of TEMs. Specific gravity was reduced by 14 %, and thickness was increased by 13 % as compared
with conventional TPE sheet. D/ISO PAD showed a 5 % lightweight effect. Even though the weight of the TPE sheet filled

with TEMs was lighter than the TPE sheets, the acoustic properties were similar.

Key words : Acoustic properties(= 35-4d), Automotive interior material( A5 %} W-g ), Dash insulation pad(thA] <1
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Fig. 2 TGA results of F-190D and F-260D
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™ F-190DE 220 ~260 °C, F-260D+ 260 ~320 °Coll A 2
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o] 9= b 7k2o] 71312 918 TEMs7) 248}
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] F-260D= TPE #}-- SheetZ #2}&}3 th

2.2 TPE 2} Sheet A|Z}

Table 1> 7] TPE X} Sheet®} TEMSs/TPE =}
Sheet Az vIEH|E YERA Zolt). TPE X Sheet=
ANk o 2= Ayt SEfgo] B E 7 A
94Tk ey dibd o R D/ISO PAD®l| TPE %}
Sheet”} W] % 1.52 485 o] 19 9= w3 & A A5}
AHEUTE B Aol = v 1.5 TPE & AIE 23
&= A AE TPE 2 Sheett}al 31315 Ut TPE X}

Table 1 Material information of TPE and TEMs/TPE

TPE 1 wt% 3 wt% 5 wt%
TEMS/TPE | TEMs/TPE | TEMs/TPE
POE 22.5 222 21.8 21.3
CaCOs 68.3 67.6 66.2 64.8
Additives | 9.3 9.2 8.9 8.8
TEMs 0.0 1.0 3.0 5.0
Total 100 100 100 100
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+ Sheet®l] TEMs 1,3,5 wt%g H7lete] vlT 9 E4&
Hlaskdeh wieta] el gk o]= ¢FE7]1(Collin,
ZK25x30D)E ©]-8-3}0] 160 °C~170°Ce] &&= o=
A 228} T} Hopper rpm : 1000, Screw rpm : 250 ~350%
Az F- 8F X g|2~(Lab corporation, HP-500S)% 180 °Co]|
A 533 §FAFske] TPE 2H5- SheetE Al 2tsto] 245 =
A3,

2.3 D/ISO PAD A&t

D/ISO PAD 732 &5 4] ¢8-S 5= PET FELT, %t
4] 43HS 3}= TPE %12 Sheet9} 524191 PU FOAM
<0 2 A|FH) ¥ 0 2= PET FELTS} TPES 714
H Oven©ll €& 71eH &, W3 802 taksle] I
S A=pstet. S 71 F1HAEoll PU FOAMS 32
sk % 73} AlA TRIMEA-S AX|™H D/ISO PAD7} A2}
Hr} & Aol A= TEMs/TPE Z}2- Sheetol] W2 D/ISO
PAD2| 4 W3S Z7438}arx} 3} T} TPE X1 Sheet
AZF Al A7 TEMs 3 T 245 185k 1 wi%=
3143k D/ISO PADO TEMs/TPE A~ SheetE 715}
o] AZseict o= A A<k D/ISO PADONA AlH &
AH s =4 SA AT

24 24 23

TEMS/TPE %} Sheet®] 71412 =134 %=, A1E)
WslE S48 fl8ke] THE A S A3 7|(UTM, Universal
Testing Machine, KMNTAL KUM 1A)E AF&-3}%ith
ASTM D638°] 717 ¢l Bt2 Al A2k 5 A3 s)3ich &
A AT 50 mm= 143+ 200 mm/min®] QIFEER
Al 3}3I T} TEMs/TPE AH3- Sheet2] H] 5 815 5743}
7] 918) 25 x 25 mm*2] A|H-E A F 5] ASTM D7922]
Al ol whE} MIRAGEAFS] MD-2008 41| & ©]-8-3F
o] B]F& A Ha T} TEMS/TPE 23 Sheet®] 74 &=
3h& S74317] 918ke] ASTM D 22405 ™=+ BareissAk
©] HPEII & ©]-83t%] Shore A W 22 A =g SA3)
At

TEMSs/TPE %} Sheetul]oll 37 TEMs= 2 3f A4
H 7189 7718 5435}7] 915F] Hitachi high-techA}
SU8010°¢] H=A}5A}3 1] Z(UHR FE-SEM) ©]&3&}lo] =
A&} ). TEMs/TPE 2}2- Sheeto] 13- Al'5S H| s}
7] 93kl ASTM E2611-17¢] FFZo] wa} ¥y
(Impedance tube, B&K)= S 3}17] 915l 29 02] A&
Z AJF ko] A3 T840 x 840 mm*e] A S A H 3}
o] APAMAT I & ©%of tigh 245 A5 S48tk
TEMS/TPE 2}<- Sheet”} 715 D/ISO PADY] 218 A%
v uE 9|3k NVH(Noise, Vibration, Harshness) 4 ‘5= D

= 7143 712} P/T PBNR(Power Train Power Based Noise
Reduction) S ©]-§-3F A} A9 Fate] S4SI3IHE D
T 2N 2 2%y} 2504 A% vhol
2 Baelo] AgEaagel tal SAalle. P
PBNR-Z <71 5 5atd|ef 2} A 1t el vho] =&

Aspe] A 42 HAHA

3. 3% TPE X} Sheet 24 Al

3.1 TPE Z}2 Sheet 24 HH5}

B At A]= 7]€ TPE %% Sheet]l TEMs 1,3,5
W% E F7lske] Yehi= EAA s ois)] YeERg ik
Table 29} #o] Vel o] TEMs?| 3% ¥ TPE 2
Sheet®] AL, A&, VT, At T g A3t
£ A8t 2+ 544 "= ool AAls] 2Hd ekt

Table 2 Properties of TPE and TEMs/TPE

TPE 1 wt% 3 wt% 5 wt%
TEMS/TPE | TEMs/TPE | TEMs/TPE
Tensile strength 23 16 s 14
(MPa)
Elongation (%) | 228 208 176 176
Specific gravity | 1.6 1.4 1.3 1.2
Hardness | )¢ | 726 65.7 633
(shore A)
Thickness (mm) | 1.6 1.9 2.0 2.1

3.1.1 HIZE & S

712 TPE 2} Sheet®} TEMs TPE X} Sheet®] H]|=
I FAMSE Fig. 30 YERNITE TEMsS] $HeFo] 5
7Vebrs vFe fAstal T Sk o),

TEMs”} 7+2 5 9] Core2] Hydrocarbon©] 35t &=

2.0 25
"/ Specific gravity
—m— Thickness i

— T
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0.0 - L 0.0
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Fig. 3 Specific gravity and thickness of TPE and TEMs/TPE
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Fig. 5 SEM image of (a) TPE and (b) 1 wt% TEMSs/TPE (c)
3 wt%TEMSs/TPE and (d) 5 wt% TEMs/TPE
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Fig. 6 Transmission loss of TPE and TEMs/TPE
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A %F, 1 wt% TEMS/TPE 2} Sheeto] T2l
TPE 2} Sheet} ﬁ‘ﬂiﬁ o= FAKe As Eeld
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3.2 D/ISO PADS| 24 g5}

TEMsS 1,3,5 wt%2] 3} © & TPE 2}-2- Sheetol] &7}
sto] =70 WiskE Hlwelint L T T At S8 S

13 E o AlF A8l A3 | wi% TEMs/TPE =}
S SheetZ ©]-&35}o] D/ISO PADZ A #}3ko] ofzfo} 2

248 24540 128,

rlo

3.2.1 24

TPE X} Sheet= 2000 x 1300 mm* 27| & A -3k F-
A2} D/ISO PAD® 4 -&-3 1|35 2] 57| Z Table 301 LE}
W ATE TEMs/TPE 2H3- Sheet ©] 7-9- 2F 300 g, 5 % 4 %
s} ¥ low, DASO PADS] 7%= fAKEE 7] 7hAa7t
b= 28 221313 1 wi% TEMs/TPE 212 Sheet
= Sheet =4 H]1L A 7]¥ TPE X}~ Sheet thH] H]Z0]

Table 3 Weight of D/ISO PAD TPE and TEMs/TPE

Weight (Kg) TPE 1wt% TEMs/TPE
TPE sheet 4.08+0.03 3.81+0.06
D/ISO PAD 542+ 0.07 5.17+0.05

13 % 72819 21 D/ISO PAD A 2F F-o)l 3= 5 %2] F-7|
ekt vElbdth o], DASO PAD AlZF Al E&%<l
PET FELT®} &7 & A8 & 2 asl7] wjiZol TPE A&
Sheet UHo 9= TEMs?} 23] 2E311] Eslo]
Sheet #|2F tn] vt A 7HAE WERSITE DASO
PAD A2} Al, TEMs7} 23ste] A7 S7 e A
T3] 71E2] D/ISO PADON % 715 = TPE X} Sheet
o] FAE 13 % A8t FY stk

322 S8 EM

TEMS/TPE 2} Sheet 28 D/ISO PADS] & Al @3}
AR AR S Fole] 2b3 e S TSI Fig. 70014
LElLS o] TEMS/TPE X1~ SheetZ 4-8-3F D/ISO PAD
o] 749 2k A5 ©l 7] D/ISO PADS} rAKg A& <
olgl 4= 9JUth Fig. 7(a)9] -9 APAMAT-II & ©|-&3}
o D/ISO PAD9] TEF AlES X133t Transmission
Loss(TL)E 5743 A¥}o]t}. 2,000 ~5,000 Hz AFo] ol A
TEMSs/TPE *}-2- Sheet®]-& D/ISO PADS] &2 Al=7} 7+
2dte AL Fold 4= g o= UENEE ) A
AE 7152 dgow dotE ) Fig 7(b), (), (d)<]
4%, D/ISO PADE Al#}ste] A& gt Aot} Fig. 7(b)
oA &eld 4= 2152°] PBNR %k©] 400~8,000 Hzol 4]
71¥ TPE *}& Sheet’-8 D/ASO PADE 459 dB,
TEMSs/TPE 22 Sheet 48 D/ISO PAD2] 7-$-46.0 dB=
LHERSETE o] &= QIR F-oF el - == 2HA i}ﬁ 4
‘50] A A8 &213 4= ATk Fig. 7(c), (d)v/]

FA o A2 vho] A5 goto] 7

A3}olt} Al(Articulation index) %7} —1—7}6L
5ol $-3td], 71 TPE 2} Sheet %5
D/ISO PAD2] 7% % A3} 22 0] 782, 79.4 Al%,
TEMSs/TPE X}~ Sheet %-8 D/ISO PAD2] 7-%- 79.9, 80.3
Al%E T2 HERSITH

L
&
BNk

¥ do Ho o
i tlo
1:[10 oZ‘i

s (X

4

B Ao M= AsA)F AR A2 A7HA7]= DASO
PAD T & 2} 98-S 31= TPE X3 Sheetoll TEMs
£ #7telo 2 S FAIstHA] A avE vt

A AEL AR O] 7] TPE A4 Sheetsh A1) &
g vl Brkstel thet e AR S Ach

1) TEMs 190D9} 260D2] 4] H84d-5 Bl alatols vl
TPE *}3- Sheet2] Azl 260D7} 4 35} 2.1,
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(7=, A8 k] 1 wtn= A5 1Y
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