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Role of EPDM as a Crosslinking Promoter and Compatibilizer in the
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Abstract: The ethylene-propylene-diene monomer rubbers (EPDMs) were examined as crosslinking promoters in the
preparation of crosslinked foams of olefin block copolymer (OBC) and ethylene-vinyl acetate copolymer (EVA) blends.
The gel content of the crosslinked foam was increased as the amount of EPDM added into the blend was increased, which
showed that the EPDM effectively did a role as a crosslinking promoter. This enhanced crosslinking induced the increases
of density and modulus, and the decrease of foam cell size. In addition, the EPDM enhanced the compatibility between
OBC and EVA, which made the foam cell size more uniform. However, the increased crosslinking and enhanced com-
patibility by EPDM reduced the crystallinities of both OBC and EVA.

Keywords: ethylene-propylene-diene monomer rubber, olefin block copolymer, ethylene-vinyl acetate copolymer, foam,

crosslink.
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3+ polyolefin elastomer(POE)(ll & £, Dow Chemical
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Figure 1. Molecular structures of (a) OBC; (b) EPDM.

Aﬂiﬂl ot o] 7]
° N =Es e

=2 O
=

1L Eeledd Fo) AxE e ST AL 9
g e 7l 28 SHE R TtEAlE AR
7t ZA| 2= triallylcyanurate, trimethylolpropane trimeth-
acrylate 53 722 HASHE olFALS o8 i Zte AR
A EAE0] AREE AL QLo o]52 FEste] FollA Al
£ fridehe dle] 2 & ek

B ATl A o FATS A TkEAR 28
@ 5 900, kagel 2 v g4 WAl el 2

o

[e)
i

(EPDM)(Figure 1(b) F2)E 7 2AZ
AR A

83 =9

A|F3HA] %= ethylene-propylene-diene monomer rubber
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A Z3kaL, EPDMe] 7kl A, 183l
A5 ARSI

Al
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M =. OBC:x Dow Chemical Company2] Infuse™ 9507
(Figure 1(a) =), EVA= $HsAIRIZ2] EVA 1328(H]E
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nene(ENB) &-&; 58.0, 33.1, 2] 8.9%%, Figure 1(b) 3+
Z), 712] 3 maleic anhydride(MAH)7} L2l ZE ¥ EPDM
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ZEH, A41E A4%, 20173
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PAFe FAPAAFE U] 7 (scanning electron microscope(SEM),
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Table 1. Recipes for the Preparation of Polyolefin Foams
Composition (weight ratio)
Sample EPDM Blowing agent
OBC EVA DCP TiO,
KEP 2480 Royaltuf 498 DX3MT DX74HPMB
Reference 70 30 - - 7 7 0.8 2
E-series
E-2 70 30 2 - 7 7 0.8 2
E-4 70 30 4 - 7 7 0.8 2
E-6 70 30 6 - 7 7 0.8 2
M-series
M-2 70 30 - 2 7 7 0.8 2
M-4 70 30 - 4 7 7 0.8 2
M-6 70 30 - 6 7 7 0.8 2
Table 2. Characteristics of Polyolefin Foams WA=, 2+ series oA a2 o2 A dhfo] o=
Sample Gel content Densigy Cell size E_IE]L:J F 7Rk quz‘,_:l:]-: O]Eﬁﬂ#@ﬂj\f 7_ t =7t %‘{ t
(Wt%) (g em™) (hm) lo] melt strength7} 57181 dzel] B Qs Yo) F71s)
Reference 54.5 0.0870 85+32 n=Z Byt JAES Ho| Tkl v Agee] e &
E-series Dede o ASoIME B0l B v drk o
E-2 85.7 0.093 72407 AW TE seriesol] 4:5h= E-29F M-2E Y] 2 A gt
i o0 0108 s Fe B} G4 BeolE Be UE e AT
o e - oo 2 5 slth oleje Ashe A WE F 92t o) o
| ot el olo] 719lshs Ao AZIEL YwHo.
Meseries 2 oA AAS B S WA oF 5-10%e] 7t
M2 87 009 S0 9 Al o] 7Hav) BB, o] £% Are dAZ 7
M-4 71.9 0.098 80+23 A AL =242 7rA4skt) ulaba] Table 29 A 3hekd)
M-6 89.0 0.103 8024 e zke] ARS S sl Awe] Zrp= WAL 724
Ve S, o BE F 458 227 de 38H
2 2gghe AT 54 i e wolg

S Eo| rhl HE g go| FLHrhH
Table 20l '3z 7o) A S S48l YeRNI=H], EPDM
o] ghgo] F7glol upet A o] Frtsh, Ut 4o
EPDM=- 543l 749 M-seriesH T} E-series®] A §Fako] T
B YehdE B & ok o]#s A3 EPDMoY| X3HE
HAAslE o|FAFS 7H vl A9l ENB WHEES) 7
Oz WAUS gt 7lwdos axpFo s aRgshm 12
ENB9| 3hgFo] @ KEP 2480°] A2 o2 ENB $HaFo]
22 Royaltuf 49812 T} 71 F/dol| o] 34 dS HojEe).
ole]l ¥k, DCPE |z 7AAZ E-8-3F EVAS] 7harelA
H|EASE o] F AT 7H HALF] At A S
23] aAFlo] iy uf kb o)ide] AEZHE
HAsle olF A EA7E ta AR e A 42
S o 4tk
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o= A ko] Juldoz B E-seriesolA H TS
Btk o]y Aake o] Hx AsllA & ovket 2
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Figure 2. SEM micrographs of polyolefin foams: (a) Reference; (b)
E-4; (c) M-4.
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Figure 33} Figure 49 Z2]&4d|
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7 ZEo ZAS|AA 24
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tensile modulus(E") %+& Table 39 YEM =4, EPDM]
H7IRE F9] E' %ol S7FsH, 2 571 B M-series K
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Figure 3. Dynamic mechanical properties of reference foam and E-
series foams: (a) storage tensile modulus (£"); (b) tan d.

T} E-series| A 25 ©] T3S 2 5 9t} o]= JluE
R A= 7P $2 wloz A)ZkEt. S, Figure 3(b)

oA 713 AlFEE -55.2°Ce} -27.3 °CollA 7Jr74 OBC®} EVA
o] feldolel o3 tan § Y AZ YEPES B 5 Q)7
}J-T;HX-] o= u-‘_ T ]/\1 L].ﬂ_p].__ OBC-J tan & -L]EL—-
EPDM©] T4 A9 Zo7F 4ashs & + s v,
EVAS] tan & 33 =o| Wzle] 7Aake =ais)x] ot} o|A
2 H|F421 EPDMe] EVA Hith= Aidog F4do] v
OBCS} &3Pdo] =0} EVA AHHTR= OBC Ao o Eo] &
23179 OBC 9] 7hE o a3H oz FX16197] o
Fo 7 A7 B OBCY tan § ¥IE= ot & 252
o]z dl WHll, EVA?] tan § ¥+ thiE o W& 2
T Z£0 2 o]FdtTable 3 #x). ©] A3+= EPDMS F

= T H
% 7%, OBCSH EVA E~X1~°l M= o o A
of So)7}t F AdEEe S5 e FEE &
37} EPDMe] €J3] f38S nolF),
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Figure 4. Dynamic mechanical properties of reference foam and M-
series foams: (a) storage tensile modulus; (b) tan 9.

SHH, Figure 4(byS 2 MAH-g- EPDMO] A7t A
%, 2] Figure 3(b)2t 2] ¥5=3F A%-S Helth =, OBC
9] tan § Y2 EFo| ATt F ﬂo}ttl, 5 tan & 437} =23
3t} SIAIYE, OBCY| tan § MZ9] £ L& £O 29 o)F
o] & t] FEls|x]:= u] §lall, EVAS tan § I e o
T Z0 79 ool 27 ¥ FHEHS & 4 Urh(Table 3
7z). o] A3+= MAH-g-EPDM <A 7] EO]’Z] 2> EPDM
AH OBC 7ol 4% ox Fxste] 7tns A7 9
&g ghe HojFE) &A%, MAH-g-EPDMS] 483} &3}

Zrio| A F449] EVAZ U542l OBC Ao& 5o} o)
Jﬁl 3= @3h= /NS & EPDM Htl Atide s o
37, OBCE EVA o= Zo} So|7H| sh= &= Adth
2o g v FS-S HojFr), B Yol Moseriese] WHE Al
3719 EFHA}F 3Eo] E-series] AR 2k 712 (Table
2 ;(1—1) o] &3}t }\L_Q_g} JeReu el Z]-O]i Wz A o] oFA Al o]
MAH-g-EPDMZ AR 73-$- Aoz o] Zolzl Zlo] gt

A2 A% 7k

Zox EPDMS] 7k 2A] 2 AesAze) gt 583

Table 3. Dynamic Mechanical Properties of Polyolefin Foams

E' (MPa) Tan § peak (°C)
Sample
at -100°C  at 25°C OBC EVA
Reference 49.9 0.24 -55.2 -27.3
E-series
E-2 63.5 0.29 -54.0 -29.1
E-4 81.8 0.37 -54.0 -30.7
E-6 83.9 0.38 -54.2 -29.6
M-series
M-2 57.4 0.27 -53.9 -29.1
M-4 61.3 0.29 -52.7 -26.8
M-6 78.5 0.35 -52.8 -28.5

Table 4. Tensile Properties of Polyolefin Foams

Tensile Tensile Elongation at
Sample modulus strength break
(MPa) (MPa) (%)
Reference 0.25+0.01 0.76+0.02 494423
E-series
E-2 0.30+0.02 1.18+0.03 522+40
E-4 0.35+0.01 1.31+0.07 525426
E-6 0.38+0.01 1.27+0.04 465+13
M-series
M-2 0.29+0.01 1.05+0.06 553+19
M-4 0.33+0.01 1.16+0.03 610+48
M-6 0.36+0.02 1.08+0.05 613£19

do1o 7 AztE} 3, Figure 3(b)9t Figure 4(b)ollA]
EPDMO] A9 AL EVAY tan § ¥|=7| A¥bEo g o

T ZoF 01 %Ur Al F=27T T AR REEE X5
°W~ Hol= EVA A ol BtdAdo] E=A1shs A}
gt &, OBC7P %PEH&*SE Bo| o} Eof A} g4
o2 AA Zo} e o] BELS A, A e A

ot nm= o= -
< SsinE

F7ke] Agol Bod Aoz Yz,

Table 49 Z2]SdH F9] AAEAES 2 oFste] YR
At ZE82E EPDME] H71=2 57}6}&] I AEE M-
seriesE T} E-seriesd|A] B 318 B 4= St} o] ¢

E’®] W3} A5 fARE Z0R ThaE —0—7}9} oy 27}
83 Q1o g Azt et ARl ] Al o

Al EPDM9] 72 tix 2oz 57}3}: AgS HolL},
EPDMo] o] E]5o] 7laert & E-6, B-62] 9= E-
4 52 B-40l] el b zhashe 73 sk Hol7|% i}, o]
E gk 7kt o 280 o ARze] A2 A kst
7] 2o 7 AR TS 3t E-series’} M-series2TF Q17
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Figure 5. DSC thermograms obtained on cooling-heating cycle: (a)
Reference; (b) E-6; (c) M-6.
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7Vele 734 A o] Frtstaen, ol g ke Hx
H o]F A4S zhe= Yo SEAIQl ENBe| o] B
EPDMeIA ] S35t} =38 EPDMS OBCS} EVA2] &
39S SHAT = EsHARe] AT 51310 m, 483t
°]gt OBC?| tan § ¥ 2%°] T7K= MAH-g-EPDMS- A}
£33 797 NS 2k EPDME AMS-g A9-HT o
B L=

o ol

EPDMe] H71dl| 93 7twse] Z7h= Uy A E 7Ha
AlA EE Fo] UEE FT7FHeH, B Ao A7|E 7
A ZTE EPDME F48h 49 2 Al A7]¢] 237t F
olxl o, o] W3l MAH-g-EPDMS AM&-3H 7% 7H2 3}
A] 252 EPDME ARE-g Ao Hla] t] Fglo] =
t}. o]2igt A¥= EPDMOl| o3t 7tale} 483t et b

[oJe)
e
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Table 5. Thermal Properties of Polyolefin Foams
On cooling On heating
Sample ]::.EVA T::.OBC A}](:.EVA A}I(:.OBC Tm.EVA Tm.OBC A}Im.EVA AFIm.OBC
O O (/g (g °C) (°C) (J/g) (/)
Reference 49.5 107.2 134 9.4 73.5 116.0 8.4 9.4
E-series
E-2 48.7 105.8 134 9.2 73.9 116.6 83 8.3
E-4 49.0 105.7 13.2 8.6 73.9 116.5 7.9 8.2
E-6 48.7 105.3 11.6 7.1 74.1 116.9 6.8 7.4
M-series
M-2 48.6 105.2 13.1 9.1 74.2 117.2 7.8 9.1
M-4 49.2 105.7 12.4 8.8 73.8 1164 7.5 8.2
M-6 49.2 105.3 11.5 7.8 74.1 116.7 6.6 8.1

£l OBCS} EVAS AA3 = Ha
AR stz i 9
7t 9 g

SHTE Tk

ZARel 2: 2 At 2B AT sl
A, SAR AR H 7] A ske AAEE AL
Fo=2 FE AFYUTHIAIME; R0003993).
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P

o
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