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The use of magnesium, a common material on the earth, is gradually increasing
because of growing demand for light material in mobile phones, auto mobiles aircraft,
etc. However, magnesium is the most chemically active among the commercial structural
metals. Its standard electrode potential is as low as - 2.363 V vs. SHE, and without
surface treatment, it generally undergoes corrosion very quickly in air or aqueous
solutions. Therefore, in order to put magnesium products into wide practical use, the
surface must be treated chemically, electrochemically, or physically to improve the
corrosion resistance. In this study, a relatively new technique of plasma anodization was
introduced to improve the corrosion resistance of magnesium alloys by forming a dense
oxide film on the surface. Among several kinds of magnesium alloys, AZ91D is the most
widely used die cast alloy because it has an excellent combination of mechanical
properties and castability. However, AZ91D requires an advanced plasma anodizing
process because a large number of defects can be generated during anodization. But no
systematic study of plasma anodization of AZ91D has been reported so far.

Chapter 1 describes the background of this study, in which the industrial
importance of magnesium alloy is emphasized. Although magnesium alloy is an
attractive material because of its extremely low density, its high chemical activity hinders
it from industrial application without surface treatment. In this chapter, conventional



surface treatment methods as well as latest plasma anodizing in literature are reviewed.

Chapter 2 describes the setting up of plasma anodizing equipment and
experimental procedures. The electrolyte for plasma anodization contains sodium
aluminate, sodium hydroxide, and sodium silicate but no chromate.

Chapter 3 examines the effect of power mode on the properties of oxide film
formed by plasma anodizing treatment on AZ91D magnesium alloy and the power mode
is optimized in respect of corrosion resistance. In the DC plasma anodization mode, the
thickness of the electrolytic oxide film of the AZ91D alloy was uneven. In the pulse
mode, the thickness was relatively uniform with formation of a three-layer structure. The
pulse mode caused less roughness, uniform thickness and improved corrosion resistance.
The change in power mode from DC to pulse decreased the surface roughness and
increased the corrosion resistance.

Chapter 4 examines the corrosion resistance of plasma anodized AZ91D
magnesium alloy together with the change in surface morphology and chemical
composition of the oxide films as functions of electrolyte temperature and NaOH
concentration. The higher electrolyte temperature resulted in the lower surface
roughness, the smaller oxide film thickness, and the better corrosion resistance. As the
concentration of NaOH increased, the thickness and the surface roughness (Ra) of the
oxide layer decreased and corrosion resistance increased.

Chapter 5 describes the physical properties of oxide films formed on AZ91D
magnesium alloy by plasma anodizing treatment in the electrolyte at different
temperature, i.e. breakdown voltage, heat conducting property, and wear resistance. The
higher the electrolyte temperature for the formation of oxide films by the plasma
anodization, the lower the breakdown voltage, probably because the films formed at
higher temperatures were thinner and denser. The friction test against steel ball indicated
that the wear scar became narrower for the films formed at higher temperatures because
the films became harder. The thinner and denser nature of the oxide film formed at higher
temperatures would be also advantageous for heat transfer in use as a heat sink. A laser
flash test showed faster heat transfer for AZ91D with plasma anodized oxide layer
formed at higher temperatures.

Chapter 6 describes the result of comparative examination of surface treatment
methods of AZ91D alloy including non-chromate, anodization and plasma anodization in
terms of physical and chemical properties of the oxide films. The least thermal barrier of
the formed layer is recognized in non-chromate, and the breakdown voltage and Vickers
hardness are the highest in the case of plasma anodization. In the salt spray test, the
corrosion resistance rating number was lowest for the non-chromate test, middle for the
anodizing test, and the highest for the plasma anodizing. Thus, the plasma anodization
treatment has a remarkable advantage over conventional process.



Chapter 7 summarizes the main conclusions drawn from this study and provides
suggestions for further studies.

Thus, this study has developed a surface treatment method for magnesium alloy of
AZ91D in an environmentally friendly manner using reagents with less environmental
load.
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