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Effect of Interfacial Adhesion Strength on the
Impact Strength and Energy Absorption Capability of
Glass Fiber Reinforced Composites

Beom Joon Kim® Min Ji Choo® and Tae Jin Kang*

ABSTRACT

Surface treatments determine the strength of the interfacial between the resin and reinforce-
ment. The effect of interfacial adhesion strength on the impact toughness and energy absorption
capability of S2-glass fiber woven fabric reinforced polyester laminates has been studied.

The interfacial strength between fiber and matrix was altered by the surface treatment of the
reinforced fibers with heat cleaning, starch treatment, starch-oil treatment and silane coupling
agent at several levels. Interlaminar shear strength and flexural strength were measured to
evaluate the mechanical properties of the laminate. An instrumented drop-weight impact test was
performed on the specimens at the various energy levels and the internal damages of the specimen
were examined using a ultrasonic C-Scan.

The laminates treated with silane coupling agent showed the best mechanical properties but
showing the poorest impact properties. Starch and starch-oil treatment, which are incompatible
with the matrix, affored the best impact toughness while mechanical properties were inferior to
the silane treatment. The specimens treated with starch, starch-oil and silane coupling agent
showed only internal damages at the initially applied impact energy of 94 Joule while the silane
coupling agent treated specimens were penetrated at the energy level of 24.30 Joule.
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Table 2. Flexural modulus and strength measured by 3-point flexural test of S2-glass/Polyester
laminates.
Surface Thickness Flexural Modulus Flexural Strength Compatibility

Treatment (mm) (GPa) (MPa) with matrix
Heat-cleaned 2.56 22.15 175.42 Incompatible
As-received 2.82 20.92 213.25 Semi-compatible
Starch (1.5 wt%) 2.91 20.11 156.31 Incompatible
Starch-oil 2.55 16.21 90.06 incompatible
7—~MPS(0.5 wt%) 2.67 25.87 427.28 Compatible
Y—-MPS(0.75wt%) 2.60 26.30 44198 Compatible
Y—MPS(1.0 wt%) 2.60 26.28 438.84 Compatible
7-MPS(1.5 wt%) 2.60 26.42 411.89 Compatible
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Table 3. Interlaminar shear strength of S2-glass/Polyester laminates.
Surface Thickness Shear Strength Compatibility

Treatment (mm) (MPa) with matrix
Heat-cleaned 4.9 9.80 : fncompatible
As-received 5.0 11.86 Semi-compatible
Starch (1.5 wt%) 5.0 10.29 Incompatible
Starch-oil 4.8 5.88 Incompatible
Y—MPS(0.5 wt%) 4.9 28.91 Compatible
7—MPS(0.75 wt %) 4.9 26.85 Compatible
7—MPS(1.0 wt%) 5.0 29.56 Compatible
7—MPS(1.5 wt%) 5.0 30.67 Compatible
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Fig. 1. Specimens showing different shear fai-
lure modes after short beam shear test.
A: As-Received, AS: Starch 1.5 wt%,
M: 7-MPS 0.5 wt% treated S2 - glass /
Polyester Laminates
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Fig. 2. Energy absorption ability after impact
with different treatment

Table 4. Impact properties of S2-glass / polyester laminates.
Surface Applied Absorption Velocity Lnax Deflection Ductility
Treatment Energy(J) Rate(%) (m/sec) (kN (mm) Index
As received 93.79 58.2 3.93 2.50 20.90 0.58
Starch 94.18 53.5 3.94 1.90 18.34 1.35
/1.5wt% treated
Starch 93.98 52.7 3.93 1.94 18.68 1.22

/3.0wt% treated

(Ductility Index = Propagation En. /Initiation En.)
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Fig.5. C-Scanning photographs of impacted specimen of as-received and starch treated
S2-glass/Polyester laminates at the applied energy of 94J
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Table 5. Impact properties of S-2 glass / polyester laminates.
Surface Applied Absorption Velocity Limax Deflection Ductility
Treatment Energy(J) Rate(%) (m/sec) (kN) (mm) fndex
Heat-cleaned 12.74 8.6 2.17 0.50 2.10 0.83
7-MPS 16.66 7.6 2.48 0.60 1.70 1.17
/0.5 wt% treated
7-MPS 18.33 326 2.60 1.60 2.78 1.35
/1.0 wt% treated
7-MPS 17.05 14.4 2.51 0.93 2.34 1.00
/1.5 wt% treated
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Fig. 7. Photographs of side(a) and front(b) view of penetrated specimen and Scanning

Electron Microscopy(c) of failed surface after impact test fabricated with 0.5 wt%
7-MPS treated S2-glass/Polyester laminates (x 1100)
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