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Acoustic Emission during Crack Propagation Process of Rubber-Modified Epoxy Resin

Deok-Bo Lee™, Hyun-Soo Kim”, Nak-Sam Choi". Ki-Woo Nam” and Chang-Kwon Moon"

ABSTRACT

The damage zone around a crack tip occurring before the fracture is a significant domain, which affects the
toughening mechanism of materials. In this study, the growth process of damage zone in the vicinity of crack
tip for rubber-modified epoxy resin is investigated using an acoustic emission(AE) analysis. The weight
fractions of rubber(CTBN 1300x8) in rubber-modified epoxy resin are 5 wit% and 15 wit%. The fracture
toughness(Kic) and the fracture energy(Gie) were measured using 3 point bending single-edge notched
specimens. The damage zone and rubber particles distributed around the crack tip were observed by a polarized
optical microscope and an atomic force microscope(AFM). The damage =zone around crack tp of
rubber-modified epoxy resin was formed at 13 % loading and developed until 57 % loading of the fracture
load. The crack initiated at 57 % loading grew repeatedly in the stick-slip propagation behavior. Based on
time-frequency analysis, it was confirmed that AE signals with frequency bands of 0.15~0.20 MHz and 0.20~
0.30 MHz were generated from cavitation and stable/unstable cracking inside the damage zone.
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Table 1 Formulation of various epoxy resins

Composttion (wt.%)

Resin

system Designation ~ Epoxy =~ CTBN  Piperidine
AER250 100 0 s
AER250  AER250-5 100 5 5
AER250-15 100 1 s

Table 2 Material properties of the neat and the rubber-modified
epoxy resin

Young's modulus Poisson’s ratio

Resin system

E (GPa) 14
AER250 3.84 0.31
AER250-5 3.60 0.33
AER250-15 2.58 0.37
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Fig. 1 3-point bending specimen(W=13 mm, a/W=0.4).
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Fig. 2 Schematic diagram of acoustic emission(AE) measurement.
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Table 3 Material properties of neat and rubber-modified epoxy resin

Resin system Kic 12 G"‘.z
{MPa-m' ) (KJ'm™)
AER250 0.85 0.17
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AER250-15 1.79 1.07
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Fig. 3 Damage zone around a crack tip observed by a polarization
microscope.
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(b) Cavitation in rubber particle

Fig. 4 Stable crack tip and rubber particles in the damage zone
observed by an atomic force microscope(AFM).
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(b) Rubber-modified epoxy resin(AER250-15)

Fig. 5 Relationship between load and hit-event rate for the neat
and the rubber-modified epoxy resin.
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Fig. 6 Time-frequency analysis of AE signals measured from neat
epoxy resin.
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Fig. 7 Time-frequency analysis of AE signals from rubber-modified
epoxy resin.
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