Journal of the Korea Institute of Rubber Industry
Vol. 31, No. 5, 1996

Printed in Republic of Karea

EPDM/PP/Ionomer 49 Hdc2 A F7}24
7}3A 9 =y A4

AGT -2 Q9A R A DR B
FaEn @A, *(F)Faelolo] ATAa

Fracture Toughness of the Thermoplastic Vulcanizates from
EPDM/PP/lonomer Ternary Blends

Y. Kim, W. J. Cho, C. S. HA and J. H. Go*
Dept. of Polymer Science and Engineer, Pusan National University Pusan 609-735. Korea

*Research Center, Kumho Co., LTD., Kwangju 506-040, Korea

ABSTRACT

The fracture mechanics investigation of the thermoplastic vulcanizates(TPV) from EPDM

and PP/Ionomer ternary blends was performed in terms of the J-integral by measuring fracture

energy via the locus method.

The TPV from ternary blends consisting of EPDM, PP and ionomer were prepared in a labo-
ratory integral mixer by blending and vulcanizing simultaneously. Vulcanization was performed
with dicumyl peroxide (DCP) and the composition of EPDM and PP was fixed at 50/50 by
weight. Two kinds of poly(ethylene-co-methacrylic acid) (EMA) lonomers were used. The J-in-
tegral values at crack initiation, Jc, of the dynamically vulcanized EPDM and PP/EMA Ionomer
ternary blends were affected by the caiion types (Na*t or Zn?t) and contents(5-20wt%) of the
added EMA Ionomers. The ternary blend containing 20wt % zinc-neutralized EMA ionomer and

1.0phr DCP showed the highest Jc values of the blends.
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Table 1. Material and their characteristics

Material Properties Source

PP Mn=2.83x 10* Korea Petrochemical
Mw=2.02x 10° CO. LTD.(PP 4017)
MFI2=6.0
Mw/Mn=7.14

EPDM  gyp(di gh)b=1.22 Uniroyal
[Ve=152 (Roy.521)
PE/PP(mol % )4=52.0/48.0
ENB type

Tonomer A Cation types : Na* Du Pont

Ethylene/Methacrylic Acid=91/9  (Surlyn 9520)
% Neutralization ; 50%
Sp. gr=0.94
MFE=11

DCP Granule types

8 Melt flow index

50,5 gdl-1 xylene solution at 70°C
¢by the ICL tiltration method

dby IR analysis

Mitsui Chemical Co.

N85 54+ Table 1o velfigich

ol9xm AF AeelA 63T, 7641 A2}
AR, 2 R AEgle] e ARE A
439}, 718 2AL dicumyl peroxide(DCP)2
0.33, 1.0phr 5 £%-2 #4389}, Brabender Roll-
er Mixer(Types wo0H) & ¢]43}] EPDM/PP ¢}
% Edco} EPDM/PP/Ionomer 441 BHEE 3
Sck. Bt Az g FAAELE OE £ ¥
% 71&89{thY Eedelx PPet EPDMe| 24&
F3u|2 50/500.2 dglct. AT U e
Table 24 A&)sts3ch,

2. 7| of x| 2F

st Q4 33l= ofe 557 A2 configura-
tionso] 75 3eh & ATANAE §FF EE A0JER
£ 7Zo]& $x3= single-edge- notched(SEN)
Q% ABE sk, A2 FA% 22 10mm,
20mmo]x 1§ Ate]¢] Aol 60.0mmE 23k
th 22 WIRE 27] 39L 2] 48 A% &



EPDM/PP/lonomer 441 Halc2 3 drpaA 7HAE 7 O

Table 2. Sample notations

PP EPDM Ionomer DCP

Notation contents contents contents contents
(wt%) (wt%) (wt%) (phr)
PP50-0.33DEP50 50.0 50.0 0.0 0.33

PP50-0.33DEP50/IA5 475 475 50 033
PP50-0.33DEP50/IA10 450 450 100 033
PP50-0.33DEP50/IA15 425 425 150  0.33
PP50-0.33DEP50/1A20 400 400 200 033
PP50-0.33DEP50/IB5 475 475 50 033
PP50-0.33DEP50/IB10 450 450 100  0.33
PP50-0.33DEP50/IB15 425 425 150  0.33
PP50-0.33DEP50/IB20  40.0 400 200  0.33
PP5(-1.0DEP50 500 500 00 100
PP50-1.0DEP50/TIA5 475 475 50  1.00
PP50-1.0DEPS0/IA10 450 450 100  1.00
PP50-1.0DEP50/1A15 425 425 150 100
PP50-1.0DEP50/IA20 400 400 200 100
PP50-1.0DEP50/IB5 475 475 50 100
PP50-1.0DEP50/IB10 450 450 100 100
PP50-1.0DEP50/IB15 425 425 150  1.00
PP50-1.0DEP5(0/IB20 400 400 200  1.00
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Fig. 1. Typical load-displacement curves for the
dynamically vulcanized EPDM and PP bi-
nary blend(DCP content=0.33p.h.r.) : the
spread bars denote the region of crack ini-
tiation points.

o
T

-~

e

Jelkgf cm em™2)
o~
/
[
| /
!
}
o
N
by
by
-

0 5 10 15 20
lonomer(wt%)

Fig. 2. Effect of the added ionomer on the fracture
energy Jc in lightly wvulcanized ternary

blends : (0) PP50-0.33DEP50/IA, (e)
PP50-0.33DEP50/1B.
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Fig. 3. Effect of the added ionomer on the fracture
energy. Jc in highly vulcanized ternary
blends : (©) PP50-1.0DEP50/1A, (e)
PP50-1.0DEP50/1B.
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Table 3. Fracture energy of dynamically vulca-
nized EPDM and PP binary or dynami-
cally vulcanized EPDM and PP/ionomer
ternary blends

Fracture energy.

Sample Je(kgf cm cm2)
PP 2.90
PP50-0.33DEP50 7.00
PP50-0.33DEP50/1A5 5.40
PP50-0.33DEP50/1A10 4.30
PP50-0.33DEP50/1A15 4.50
PP50-0.33DEP50/1A20 4.40
PP50-0.33DEP50/1B5 4.60
PP50-0.33DEP50/1B10 4.50
PP50-0.33DEP50/1IB15 3.80
PP50-0.33DEP50,/1B20 4.10
PP50-1.0DEP50 6.30
PP50-1.0DEP50/IA5 6.40
PP50-1.0DEP50/1A10 5.80
PP50-1.0DEP50,/1A15 5.50
PP50-1.0DEP50/1A20 5.75
PP50-1.0DEP50/IB5 5.30
PP50-1.0DEP50/1B10 8.20
PP50-1.0DEP50/1B15 9.20
PP50-1.0DEP50/1B20 10.00
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