[T Y HA TN E T T
B

I I HO TR )

FKERE Vol, 19, No, 12, pp. 790-798, 1998

T/ —FBMEICEVERTEEAERED
RS L RIRE

— T IO LBEY TR TLIIDNT—

N B

= F

TR AR TR @ 330-8570 WERKETIRE 307
(1968 4 8 H 28 01D

Structure and Growth Mechanism of Porous Anodic Oxide Films

—Anodizing of Aluminum and Magnesium—

Sachiko OnO

Research Organization for Advanced Engineering, Shibaura Institute of Technology
307 Fukasaku, Ohmiya, Saitama 330-8570

(Received August 28, 1998)

Recent research development and fundamental aspects on the structure and growth mechanism of porous anodic films
formed on aluminum and magaesivm are reviewed, Thick anodic film growth proceeds with the balance of oxide for-
mation at the metal/film interface and the field-assisted dissolution of oxide at pore bases, Hexagonal cylindrical cell
structure of the filim, in which cell size is nearly proportional to the formation voltage, is attained as a result of inversely
proportional uniform pore distribution to the applied voltage. More exactly, cell dimension is a function of voltage and
clectric field strength. Electrolyte anions are incorporated into the film under the effect of electric field. Defects in po-
rous films are formed by the drilling effect of micro-breakdown between pore bases and triple points of cells en alumi-
num ridges. Long-range ordering of cell arrangement of porous anodic alumina for electric devise materials is signifi-
cantly improved by approprigie electrolysis voltages and chemical texturing of aluminum surface. For the anodic film
growth on magnesium, the cylindrical pore structure which is similar 1o the Keller’s model of anodic alumina is con-
firmed. It proceeds mainly by the formation of MgF. and Mg.+y20, (OH), at the metal/film interface and the dissolu-

tion of the film at pore bases.
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Fig. 1 (a) Voltage-time curve at constant current density
anodizing and {b) curreni-time curve at constant volt-
age anodizing of aluminum which are divided by dif-
ferent pore development stages.
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Fig.3 TEM images showing (a) ordered pore arrangement
of anodic films formed in sulfuric acid and (b) ultra-
microlomed cross section formed in phosphoric acid.
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Fig.4 Change in pore and cell diameters with forming volt-
age.” (B} 0.4mol dm™ Phosphoric acid (25°C),
{©) 0.3 mol dm* Chromic acid (40°C), (@) 0.3 mol
dm™ Oxalic acid (30°C), (¥) 1 mol dm™* Sulfuric
acid (20°C),
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Fig. 5 Anodic membrane formed in oxalic acid by stepwise
voltage changes: 30V—=> 10V -5V =10V — 30
V.
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Fig. 6 Schematic representation of anion incorporation inte
anodic oxide cells formed in (a) sulfuric acid, (b} ox-
alic acid, (c) phosphoric acid and (d) chromic acid.
Haiched areas show pure alumina layer.
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Fig. 7 Schematic represeatation of cell structure and defects
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micro-breakdown between pore bases and aluminum
ridges.””
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Fig. 8 Branching colony cell structure of the anedic film formed in chro-
mic acid.*?
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Fig. 10 TEM images of ultramicrotomed cross sections of the anodic film on magnesium. (a) The outermost part of the
film showing crystalline particles. This part embedded in a resin was separated from the bulk of the film during
the secticning. (&) High resolution image of the crystal indicated by the arrow sign in (a). (¢) Bright field and (d}

dark field images of the middle part of the fiim showing dispersed crystals.
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