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Effect of anodic oxidation on electrical and mechanical properties of
aluminum-epoxy interface
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Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: To investigate the application of anodization technology on improving the interface performance between epoxy
resin and aluminum electrodes, aluminum alloys were electrolyzed for different durations to form anodized films on the
substrate surface. The morphology, composition, structure, and electrical properties of the anodized films were
characterized, and the effects of anodic oxide films on the adhesion and dielectric properties of the epoxy-aluminum
interface were analyzed. The results show that after anodic oxidation, an amorphous anodized film with a nanoporous
structure is formed. As the electrolysis time increases, the thickness of the anodized film increases linearly, while the internal
defects also increase, which reduces the volume resistivity and electric strength. The film exhibits a high dielectric constant
and dielectric loss factor, which remain stable at 25°C—125°C. Benefiting from the nanoporous structure and polar bonds, the
adhesive shear strength between the aluminum substrate and epoxy resin increases from 6.76 MPa to 10.89 MPa, and the
adhesive tensile strength increases from 6.89 MPa to 9.78 MPa after anodic oxidation. The impact toughness increases from
66.21 kJ/m* to 76.42 kJ/m* and the flexural strength increases from 147.65 MPa to 180.50 MPa. The anodized film
improves the electric strength of the aluminum-epoxy composite, and the interface polarization makes the dielectric constant
and dielectric loss factor of the aluminum-anodized film-epoxy composite structure slightly higher than those of the
aluminum-epoxy structure. In HVDC electric fields, space charges mainly accumulate at the interface between the electrode
and the dielectric, and the anodized film can inhibit the injection of charges into the dielectric. Therefore, as an effective
interface modification method, anodic oxidation can enhance the mechanical and electrical properties of aluminum
electrodes and epoxy resin.
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Table 1 Insulation properties of the anodized film
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