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Formation Mechanism and Corrosion — Resistance of
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Abstract

Mg thin films were prepared on SPCC(cold - rolled steel) substrates by vacuum evaporation
and ion - plating. The influence of argon gas pressure and substrate bias voltage on the crystal
orientation and morphology of the films was determined by using X - ray diffraction and scan-
ning electron micrography(SEM), respectively. And the effect of crystal orientation and mor-
pholgy of the Mg thin films on corrosion behavior was estimated by measuring the anodic
polarization curves in deaerated 3% NaCl solution.

The crystal orientation of the Mg films deposited at high argon gas pressure exhibited a (002)
preferred orientation, regardless of the substrate bias voltage. Film morphology changed from a
columnar to a granular structure with the increase of argon gas pressure. The morphology of
the films depended not only on argon gas pressure but also bias voltage ; i.e., the effect of incre-
asing bias voltage was similar to that of decreasing argon gas pressure. The influences of argon
gas pressure and bias voltages were explained by applying the adsorption inhibitor theory and
the sputter theory. And also, this showed that the corrosion resistance of the Mg thin films can
be changed by controlling the crystal orientaton and morphology.
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Fig. 1 Shematic Diagram of the Ion - plating System.
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Table 1 Deposition Conditions for Mg Films.

Initial gas pressure(Pa) 3.5%x10°

Source - to — substrate distance(cm) |13

Crucible heating temperature(C) |480+40

Substrate temperature(C) ~115

Ionization voltage(kV) 0.1

Deposition time(min) 20

Ar gas pressure(Pa) 10 %,10°%,10 !, 10°(x 7.3)

Bias voltage(kV) 0, -02, -05, -1.0
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Fig.2 X-ray Diffraction Patterns of Al - Mg Alloy Films Deposited at Various Bias Voltages and Ar Gas

Pressures.

(a;7.3x10 °Pa, b;7.3x10%Pa, c;7.3x10'Pa, d; 7.3Pa).
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Fig.3 Scanning Electron Micrographs of Top Surface and Cross Section of Mg Films Deposited at Differ-
ent Ar Gas Pressures and Bias Voltages.
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Table 2 Relative Value of Surface Free Energy of

Mg. .
Crystal face Relative value of surface free energy
(100) 1.185
(002) 1.000
(101) 0.764
(102) 0.807
(110) 1.027
(103) 0.779

y=P-UJ/Z -N-AS

g : Surface free energy

Z : Coordination number

N : 6.02 x 10 ® number/mol (Avogadro number)
AS : Mean surface area of an atom

P : Number of the bond
Uc : Cohesive energy
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