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Abstract

In this work, we investigate the toughening mechanism of the rubber-modified epoxy resin. The

fracture toughness(Kj¢) is measured using CT specimens for three kinds of rubber-modified epoxy

resin with different rubber content. The damage zone and rubber particles around a crack tip of a

damaged specimen just before fracture are observed by a polarization microscope and an atomic

force microscope(AFM). Both the fracture energy(Grc) and the size of damage zone increase with

the rubber content below 15wt%. The size of the rubber particles can be qualitatively correlated

with the Gic and the size of damage zone. The cavitation of the rubber particles inside the

damage zone is ohserved, which is expected to be main toughening mechanism by rubber particles.

the stress which causes the cavitation of rubber particles is estimated by the Dugdale model.
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Table 1. Formulation of various epoxy materials

Compositoin(wt %)
Resin system Designation Epoxy CTBN Piperidine
AER250 100 0 §
AER250 AER250- 5 100 5 s
AER250- 1S 100 15 5
AER260 100 0 s
AER260 AER260- S 100 S s
AER260 - 15 100 15 5
AER250 + 260 100 0 s
AER250+AER260 AER250+ 260-5 100 s ]
AER250+260- 15 100 15 s

Table 2. Material properties of rubber-modified epoxies

Resin system E©GP)  KeMPamp) Gie(KI'mY
AER250 334 10 05
AER250. 8 3.60 158 0.61
AER250. 15 2.58 1.46 0.72
AER260 393 113 (18-
AER260- S 3.51 1.67 0.69
AER260. 15 2.50 176 1.07
AER250 + 260 430 034 0.14
AER250+ 260-§ 423 087 Q.16
AER250+ 260 - 15 242 175 1.10
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Fig. 1 Vanation of fracture energy( G ;) with rubber content
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Fig. 2 Damage zone around a crack tip
observed by a polarization microscope
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(a) Width of damage zone
Fig. 3 Length and Width of damage zone with

several rubber content

(h) Ontside of damage zone
Fig. 4 Dispersed rubber particles inside and outsider

of a damage zone observed by AFM
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Fig. 5 Averace diameter of ruhber particles for
rubber-modified epoxies

(h) Omitside of damage zone
Fig. 6 Dispersed rubber particles inside and outsider

of a damage zone observed by a polarization

microscope
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Fig. 7 Distribution of cavitated particles ahead
of a crack tip in AER250-15
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