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Damage Zone around Crack Tip for Two-Phase Adhesive Joint
with Rubber-Modified Epoxy Resin

Deok-bo LEE, Toru IKEDA and Noriyuki MIYAZAKI*?

*2 Kyushu University, Dept. of Chemical Engineering,
Hakozaki 6-10-1, Higashi-ku, Fukuoka, Fukuoka, 812-8581 Japan

Rubber-modified epoxy resin is used in engineering components as adhesive. The failure
behaviour of an interface crack in an adhesive joint is important from the viewpoint of the structural
integrity of the adhesive joint. In the present tsudy, the damage zones around crack tips in two-phase
adhesive joints consisting of aluminum and rubber-modified epoxy resin are compared with those
around crack tips in the rubber-modified epoxy resin alone which are called bulk specimens here-
after. Damage zones around crack tips are observed by a polarization microscope and an atomic
force microscope (AFM). As a result, damage zones generated by cavitation in rubber particles in
the bulk specimen are not observed around crack tips in the two-phase adhenive joints.
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Fig.1 End notched circle (ENC) specimen ( Unit : mm ).

Table 1 Material properties of aluminum and rubber-modified

€poxy.
Young's modulus{GPa] Poisson's ratio
Aluminum 73.1 0.32
Rubber-modified 2.58 0.37
€poxy resin
800 -
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Fig. 2 Load-displacement curves
Table 2 Measured released strain and stress intensity factors

caused by residual stress for ENC specimen of 2-phase
adhesive joint.

2-phase adhesive joint (aluminum/rubber-modified epoxy resin)
€ AB Kr Ku
(u strain) (%) (MPa.-m'?) (MPa.m'?)
390.5 -0.0418 0.08 -0.12
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(a) Bulk specimen.

(b) 2-phase adhesive joint specimen.

Fig. 3 Rubber particles around a crack tip for virgin

specimens observed by a polarization microscope.

Strain gage

AR R

Fig.4 End notched flexure(ENF) specimen ( Unit : mm ).

Table 3 Fracture toughness
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(a) Bulk specimen.

(b) 2-phase adhesive joint specimen.

Fig.5 Damage zones around crack tips observed by a polarization microscope.

(a) Bulk specimen.

(b) 2-phase adhesive joint specimen.

Fig. 6 Rubber particles around crack tips observed by a polarization microscope.

(a) Cavitied rubber particle in the damage zone

of bulk specimen.

(b) Debonded rubber particle around crack tip
in 2-phase adhesive joint.

Fig.7 Rubber particles observed by an atomic force microscope(AFM).
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Fig. 8 Stress distributions obtained by the asymptotic solutions
for a crack in an homogeneous media and an interface crack.
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Fig. 9 Principal stresses ,0,and 6,, obtained by the asymptotic
solutions for a crack in an homogeneous media an interface
crack.
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Fig. 10 Deformation process of rubber particles around
a crack tip in a 2-phase adhesive joint.
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(a) Observed area of photograph 1 and photograph 2.

Aluminum

erack tip

(b) Photomicrograph 1 (fromy =0toy =-45 m).

(¢) Photomicrograph 2 ( x = 100 pm, y = - 50 pum).

Fig. 11 Definition of distance for resin area and photomicrographs

observed by a polarization microscope.
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