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Abstract : Crack growth characteristics of elastomeric materials are an important factor determining the
strength and durability. In this study, the fatigue crack growth characteristic of filled EPDM compounds
with different reinforcing fillers, such as silica and carbon black, was investigated using a newly designed
tester. Frequency and test temperature had significant effects on the fatigue crack growth. The crack
growth rate decreased with increasing frequency and the rate increased with increasing temperature. A
power law relationship between the tearing energy and crack growth was observed for filled EPDM
compounds. The crack growth rate reduced with increasing filler contents. Silica filled EPDM showed a
better fatigue resistance than carbon black filled EPDM. The crack growth rate of silica filled EPDM
decreased up to 30 phr and increased again at 50 phr. The formation of microductile type pits was observed
on the fatigue—failure surface of unfilled EPDM, and relatively coarse surface with randomly distributed
tear lines was observed on the failure surface of silica filled EPDM.
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Figure 1. Chemical structure of bis (triethoxy silylpropyl) tetra—
sulfide (TESPT).
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Table 1. Formulation of Unfilled and Filled EPDM Compounds

Materials phr®
EPDM! 100.00 100.00 100.00
Zn0 5.00 5.00 5.00
S 1.50 1.50 1.50
S/A? 1.00 1.00 1.00
TMTD? 1.00 1.00 1.00
MBT! 0.50 0.50 0.50
Silica® 10/30/50
TESPT(Si-69)°  Silicax 8 wt%
Carbon black’ 10/30/50

“Part per hundred parts of rubber. 1. Kumho polychem KEP—7141, ML
(1+4) @125 C : 28.5MU, Ethylene : 52.4 wt%, ENB : 4.6 wt%. 2. Stearic
Acid. 3. Tetramethylthiuram disulfide. 4. 2—mercaptobenzothiazole. 5.
Degussa ultrasil—7000 GR. 6. Bis(triethoxy silylpropyl) polysulfide. 7.
N330.

j——— L 200mm ——p

t, 5 mm
J— to, 2 mm
ho, 20 mm | —
ry

Figure 2. Shape of a pure shear test piece for fatigue crack
growth rate measurements.
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Figure 3. Schematic diagram of a test machine measuring the
crack growth characteristics of rubbery materials under repeated
load. @ upper and lower clamps, @ load cell, @ crosshead, @
cyclic shaft, ® non—relaxing controller, ® high—speed CCD
camera, @ temperature—controlled chamber, stop ring, and
© servo—controlled drive.
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Table 2. Tearing Energy of the Unfilled and Filled EPDM
Compounds at a Strain of 20% and Temperature of 60 C

Tearing Energy (J/m?)

Type 0 phr 10 phr 30phr 50 phr

Silica = 630.0 11940 26752

C/B 592.3 11059 20180
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Figure 4. Determination of the crack growth rate (dc/dn) from
the plot of crack growth (¢) versus loading cycle () for 30
phr silica filled EPDM compound at a strain of 20%, frequency
of 5 Hz, and temperature of 60 T.
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Figure 5. Effects of (a) frequency and (b) temperature on crack
growth rates of 30 phr silica filled EPDM at a strain of 20%.
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Figure 6. Effect of filler contents on crack growth rates of (a)
silica filled and (b) carbon black filled EPDM as a function of
tearing energy.
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Figure 7. Crack growth rates of silica filled EPDM compounds
at various strains as a function of silica contents, tested at a
frequency of 5 Hz and temperature of 60 C.
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Figure 8. SEM photographs of the fatigue—failure surfaces of
(a) unfilled and (b) 30 phr silica filled EPDM at a strain of 20%,
frequency of 5 Hz and temperature of 60 C.
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