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Abstract: The crosslinked polyolefin foams of poly(ethylene-co-vinyl acetate) (EVA)/olefin block copolymer (OBC)/
clay nanocomposite were prepared to examine the effect of clay on the properties of the foam. The dispersed clay reduced
the foam cell size and enhanced the expansion of the foam by nucleating effect. In addition, the gel content of the foam
was increased, and the mechanical properties, such as modulus, tensile strength, and elongation at break, were improved
by added clay. The dispersed clay reduced the polymer chain mobility and thus the tan § peak height at glass transition
temperature decreased and the peak extended to higher temperature region. The rebound resilence, sound absorption coef-
ficient, and the ideal rubber elasticity exhibited at rubbery plateau were also reduced by the clay dispersed in the foam
because of the restricted chain mobility of the matrix polymer.

Keywords: poly(ethylene-co-vinyl acetate), olefin block copolymer, foam, clay, nanocomposite.
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A7t ok ax A F4, aela =2E V1A s
Wslol] &3k theksl A Aypso] B yE vl 9u) 1357821n
&A1 9F, EVA/OBC 4= 7k 9] e Do) ek
AR B Ve AR, = T2 44 2 ) jich
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>
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A28t MEE. OBC= Dow Chemical Company<]
Infuge™ 9507, EVA= AR Z2] EVA 1328(H]'dokAl
Hlo|E g, 28.0%)S ARSI olg@l-Z2 g3l tjel &
v JF(EPDM)E maleic anhydrideMAH)7} 28] ZEH
EPDM(MAH-g-EPDM)?! Addivant] 4] 3-<33H= Royaltuf
498l &, 22, ethylidene norbornene, 22| 2. MAH
o] geFo| z}z} 725, 25.5, 1.0, LI 1.0% ) ALK
). Clay:= sodium montmorilloniteE 7|82 bis(hydro-
genated tallow alkyl) dimethyl ammonium saltE A}-& 3}
7§23} Cloisite 20(BYK additives & Instruments)S AH&-3}
Aok HIA = FAARAAA HAvfsta = WA
azodicarbonamide A€ 2] WxAQ DX3MTF DX74HPMB
£ ARSIl 7t s 918 FsHEE = dicumyl peroxide
(DCP, Akzo Nobel Polymer Chemistry)s AHS-3}31t}.

Table 1. Recipes for the Preparation of Polyolefin Foams

Eo| N|=. Table 1o Y ZAH]Z OBC, EVA, EPDM-
g-MAH, 12|13 clays ¥ Moriyamailoll Al A Zg A
(D3-10 dispersion mixer)oll 43t 110 °CollA] 30 rppmeZ
40%7F W=atar, F7H2 WX A9 DCPE FYate] 587k
WS o]F B 252 120°CE e F = U(two roll
open mill, 10 inch)S AR&-8l] F7F2 S-S T ©]ofA
3] 959 A8 B4 130g2 AE L P 2FEIA,
CMP150) W2 F8 &M )ell €2, 170°C, 147 barZ 1027+
45 71Eet ¥ 388 g drE S ATk

£3. Clay®] & solM ] B == Cu Ko XA (3
0.154 nm)2 AHE-sh= XA 3185249 7](Rigaku, Ultima IV)
2 grieiaict. 7k IaE F0) vl x| HEQl A g
2 ASTM D2765 F3to] 43It =, 52 120 mesh
ZH[RIE A 7 Sl WAL Zpo]dll SoflA] 124)7F 54 29
T, 271 & A tiRl 7 Soll FEHA &5 Hot e &
FAL] wEEE A e Aol

wxAe] s SA4sh| flste] FEISENA Az
HISSA71E ARSSlo, B & a7t i Al89 371 5
Nxe] FAE SAT 5, & HoA F9E 4T H, 2=
£ AFskATh FEA O] FAFS FAPH A ] 7 (scanning
electron microscope(SEM), JEOL, JSM-6500F)C.2 Al 5 &
WFo T FE F 7Y 1Sk 270A sk

A7 JHELS AAFAFE A (differential scanning calori-
meter(DSC), Q20, TA Instruments)= AF&-5}o] =431t} Al
T 10mgs A2olM 71710l FYstaL, A 9171014 -40°C
7HA] WzFek & 10°C min'2 £ 551 (T 52
H(AH, )= Z783I3iTh

FA7IAA B dxE ES 5371713 471 (dynamic
mechanical analyzer(DMA), TA Intruments, Q80)Z & 7] &
171014 3°C min'® F2ePHAM FHEER SASIIT T

mE off

o}

Composition (weight ratio)

Sample Blowing agent
EVA OBC EPDM-g-MAH Clay DCP
DX3MT DX74HPMB
E70B30 series
E70B30C0 70 30 2 - 7 7 0.8
E70B30C1 70 30 2 1 7 7 0.8
E70B30C2 70 30 2 2 7 7 0.8
E70B30C3 70 30 2 3 7 7 0.8
E50B50 series
ES0B50CO0 50 50 2 - 7 7 0.8
E50B50C1 50 50 2 1 7 7 0.8
ES0B50C2 50 50 2 2 7 7 0.8
E50B50C3 50 50 2 3 7 7 0.8
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3% Eoll Ax|slar, whf) Aol AXH 297 o)A L &
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Figure 19| clay®} EVA/OBC/clay Y531 52| XRD =
A A= AT Clay= 20=4.78°14 925 7HA|H,
o= Bragg 2|22 Al4FeE &7+ 714 0] 1.846 nmYS L}E}
Ach(Figure 1(2)).2 olol ¥l Figure 2(bpll LFERA, E70B30
series =51 & %59 XRD 574 AFeA = o] F=9]
AR7F o F AzF o7 o]FE B T oM, o] clay
Sl ALEAE ARQ)Ele] F2F 7HA o] ozt Loiup—g H
oI} I Figure 2(c)Y] 5Le Bt I7]9] AEE AN
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Figure 1. XRD patterns of (a) clay; (b) E70B30 series foams; (c)
E50B50 series foams.
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Figure 2. SEM micrographs of polyolefin foams: (a) E70B30CO0; (b) E70B30C3; (c) ES0B50CO0; (d) ESOB50C3.

Table 2. Characteristics of Polyolefin Foams

Sample Gel ?)ontent Cell Densigy Hardness Rebound resilence
(o) Size (um)  Density (cells cm™) (g cm™) (%)
E70B30 Series
E70B30C0 67.3 75.5+30.1 0.88%10° 0.103 24 60
E70B30C1 68.7 72.6+23.2 1.02x10° 0.103 24 59
E70B30C2 69.5 71.5+£28.4 1.35%10° 0.103 25 58
E70B30C3 70.8 70.7+26.7 1.53x10° 0.103 25 57
ES50BS0 Series
E50B50C0 422 72.9+22.7 0.93x10° 0.100 21 60
E50B50C1 47.2 72.4+15.3 1.11x10° 0.102 21 60
E50B50C2 53.9 72.2+19.9 1.21x10° 0.102 22 59
E50B50C3 60.4 69.7+21.8 1.55%10° 0.103 24 58
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o] XRD AFolH AHH S 2 clay2] #-4ko] =& E70B30
seriesol|A] clay®] 718 @3tof] o3t Al 37] 7haet A Aw
7P 9 FElo] vyehd Ao = Azt

Nf: (%3/2 (1)

Table 20l e Z2| ¥ Fo] UEE 75t Ust
WA=T, E70B30 series®] -t clay H7toll= 2ol
st A9l 1AL, E50B50 series®] 9= 7+ S7kshe 4
e HRth o] Hx FES UE 1.77g em™UP clay7t 3
7t = MEETF sl Yethe 7R Ak Ue
#HETR=s tAZe=E ofh 22 Zhsolnt. o8 d Avk= clay
o] A7t IR Hrrt o FRISS HojEth EEs
iAo o) JIFs F= A= TR, 9A 71T
uke} Z¥o] clayell €13k 713 37} olejgh WxE F7te] g
HRlo g AZFET) gk Yybxog Wy E = mjER A 3
219 tensile viscosity?] tension stiffening 5] TR
= 0 o] Ao g ZomA FAdaiA WETF XS
T} o]21 3t tension stiffening A& ZFAEFe] A}
7} 27 A7FEAY, 7l S A, v ke A
5 O FEERInk > mEbA claye] 7l o3 7l cd g
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WE o= o S7HE A91¢] shizE AjzbETh
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Table 3. Dynamic Mechanical Properties of Polyolefin Foams
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Figure 3. DSC thermograms obtained on heating of (a) E70B30C0;
(b) E70B30C3.

Aol w2} =A] wststo], A4 9
719E ¥2)7k ATk Wb DSCR 43 T3 AH, 5
A2 Aol AF GFE dlolHES 3] A, =2lEHA]
= EUT

Figure 49 E70B30 series 25<] 5% 71414 B4ES =
ABFAAL, A Q] FHE-2 Table 30 UERIATE EVAS] =
=4 olst &&= dAdlA el M AES HH, storage
modulus(E")2} loss modulus(E") =57} clay®] &&Fo] Z7}F
3ol wel Z7lehes A%S Boltt olgd AxEe Hhd
claye] B7} azel] oJa] Fo] nEeAe}t FA BFIL S}

E" peak (°C) Tan & peak (°C)
Sample E' (MPa) at 25 °C

OBC EVA OBC EVA

E70B30 Series
E70B30C0 0.567 -57.5 -36.6 -56.2 -27.6
E70B30C1 0.598 -57.1 -384 -56.3 -27.7
E70B30C2 0.735 -56.8 -36.4 -55.9 -27.5
E70B30C3 0.786 -56.2 -342 -54.9 -25.8

E50B50 Series
E50B50C0 0.491 -63.2 -37.2 -53.9 -27.5
E50B50C1 0.623 -58.9 -36.6 -51.5 -25.0
E50B50C2 0.677 -58.2 -36.5 -52.7 -24.8
E50B50C3 0.772 -56.3 -34.5 -50.6 -23.5

Zan, 44148 A6s, 20174



EVARYHE B2353/Clay W3 7k 9] B84 42 931

(a)
102_ ——— —— E70B30CO
X - I E70B30C1
T.\ E70B30C2
SN E70B30C3
10"
©
o
=3
T
10"
T X T L T L 1
-100 0 100 200
Temperature (°C)
1
10 ~
(b)
A —— E70B30C0
| W E70B30C1
- E70B30C2
ol W E70B30C3,
10 A
T
o
=3
g 1
10 A
-2
10 T T ¥ T ¥ 1
-100 0 100 200
Temperature (°C)
1.00 -
) ——E70B30C0
fffff E70B30C1
E70B30C2
------ E70B30C3
P 0.10
~ 0104
S
0.01 T T T T T T iy T T T 1
-100 75 -50 25 0 25 50

Temperature (°C)

Figure 4. Dynamic mechanical properties of E70B30 series foams:
(a) storage modulus; (b) loss modulus; (c) tan 5.
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Figure 5. Dynamic mechanical properties of ES0B50 series foams:
(a) storage modulus; (b) loss modulus; (c) tan d.
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o] 7150l Wl WA BFSTE, oAl AFEA L]
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Figure 59 E50B50 series 52 4 71414 EHES
LA, clay7t WieB-SA 5o el vA=
2 9lolA 71&E Figure 49 Ao} FAGHS B 4 Aok
ot 2% STt wet B 3hol S7kshe ol darte] Aol
AFoE o w2 2520 100°C o) delA HHEE 2]
A2 e, ol o] A oRE E2 0BCY ool
E70B30 series Xt} @7] wjiEo 2 Aztec)

Table 40 Z2]2H Zo] JIFEHES Q.oFasto] ehl
ATk o] DMA 54 Aol 9f 7Fo], clay H7F Al B
w32 BEeav Z7RRS B S vk A=) i
X o] A% AA] claye] H7IE HAH R Frtele BEF
< Holu, clay7} 4% A7 A= 3% 37k Aero
QAT 7 A gt o) & Mol Al
A A7 TheFe] clayell o3 L Algk W] wjlEo= Azt
Ft}. Clay 7ol oJaf QU7d=s} stz lol|xe] Aert &=

Table 4. Tensile Properties of Polyolefin Foams

Tensile Tensile Elongation at
Sample modulus strength break
(MPa) (MPa) (%)
E70B30 Series
E70B30C0 0.51+0.02 1.63+0.09 401+16
E70B30C1 0.53+0.02 1.63+0.08 465+14
E70B30C2 0.56+0.02 1.71£0.04 503+7
E70B30C3 0.60+0.02 1.68+0.04 540+11
ES50B50 Series
E50B50C0 0.35+0.02 1.26+0.08 459424
E50B50C1 0.39+0.09 1.32+0.08 481430
E50B50C2 0.41+0.02 1.38+0.09 50527
ES0B50C3 0.49+0.04 1.38+0.09 522424
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Figure 6. Sound absorption coefficient of (a) E70B30 series foams;
(b) E50B50 series foams.
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