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In recant yeas, it has been found that aloying additions
of corrosion-resistant elements guch as Ti, Zr, Nb, Ta, Cr,
Mo and W to Al are dfedive in producing amorphous Al
alloys with high corrosion resistance(1). In these dloys,
however, the open circuit potentials of Al-Ti and Al-Cr
aloys are in adive region of Ti and Cr, respedively and
passvation does not occur for these alloys. In order to
improve the mrrosion resistance of the dloys, addition of
third elements, such as Ni and Mo to Al-Ti and Al-Cr
alloys, respedably, and simultaneous addition of Ti and
Cr to Al has been performed(2-5). The dfea of Mg
addition on the crrosion behavior of Al-Ti aloys in
chloride-containing reutral solution is also examined
expeding enrichment of Ti in the surfacefilm caused by
enhancement of adivity of alloy and rapid disslution of
unnecessary all oying constituents for pasgvation(6).

In this paper, the dfed of alloying additions on the
improvement of corrosion resistance of amorphous Al
aloys is reviewed. Furthermore, in-depth structure of
passve films analyzed by means of ange-resolved X-ray
photoeledron spedroscopy (XPS) isalso dscussed.

For the preparation of the amorphous aloys, D.C.
magnetron sputtering was used. Potentiodynamic and
potentiostatic polarization curves were measured in 1 M
HCl for AI-Ti-Ni, AlI-Cr-Ti and Al-Cr-Mo aloys and
0.075 M N&B,0,+0.3 M H3BOz;+0.5 M NaCl buffer
solution for Al-Ti-Mg all oys.

After potentiostatic polarization and open circuit
immersion, X-ray photoeledron spedra were measured
and the compasition of the films were determined.
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Fig.1 Potentiodynamic polarization curves of
amorphous Al aloysin1 M HCI.

The comparison of potentiodynamic polarization curves
of Al-Ti and Al-Cr binary aloys and the ternary alloysis
shown in Fig.1. The Al-Ti alloy shows an adive-passive
transition and suffers from pitting at —0.2 V(SCE). The
addition of Ni increases the cathodic aurrent, and also

deaeases the anodic aurrent. Thus, Ni addition leals to
spontaneous passivation. The open circuit potential of the
Al-Cr binary aloy is in the adive region of Cr and the
aloy easily suffers from pitting. In contrast, the Al-34Cr-
18Ti (at%) aloy is gontaneously pasdvated and show
apparently lower anodic aurrent and higher pitting
potential than Al-Ti and Al-Cr aloys. Although Al-Mo
alloys dow significant increasse in anodic aurrent by
anodic polarization because of trans-passve dissolution of
Mo, the Al-Cr-Mo ternary aloy has wide passve region
with low anodic current. Al-36Ti-7Mg aloy shows
apparently higher pitting potential than AI-38Ti binary
aloy in chloride-containing reutral solution, though an
excessive adition of Mg lowers the stability of the
passve film(6).

XPS measurements reveded that Ti and Cr were enriched
in the passive films formed on the Al-Cr-Mo, Al-Ti-Mg
and Al-Ti-Ni aloys. Since Cr and Ti oxyhydroxides are
more stable than Al oxyhydroxide in addic or chloride
containing solutions, the enrichment of Cr and Ti in the
passve films corresponds to the protedive aility of the
films. In order to charaderize the in-depth distribution of
congtituents in the passive film, angleresolved XPS
analyses were performed. It was found that Cr and Ti are
enriched espedally at the outer part of passve films. In
the cae of Al-Cr-Mo dloy, Cr is slightly deficient at
inner part of the pasdve film. The in-depth profile of
cdions in the passive films were etimated by using a
model expeded from the generalized Fick’s first law, in
which the dislution rate & the top-most surfaceof the
passve film, and migration and dffusion of caions are
determining a ncentration gradients(7, 8). Diffusion
coefficients of metal cations, D(Al), and D(Cr) in the
passve film on the Al-36Cr-9Mo alloy are 4.0 x 10 and
6.5 x 10%° cm? s, respedively. D(AI) and D(Ti) for the
Al-Ti-Mg alloy are 3.2 x 10" and 24 x 10%° cm® s?, and
the ratios of mobhility, u(Cr)/p(Al) and p(Ti)/p(Al) are 1.6
and 0.74, respedively.
The analysis indicates that the migration of Cr cation in
the passve film on the Al-36Cr-9Mo aloy is faster than
that of Al cation athough chromium oxyhydroxide has
obviously higher stability than Al oxyhydroxide in 1 M
HCI. It can therefore be said that the passve film does
not ad as a diffusion barrier but the protedive ability of
the pasdve film is attributed to the low dislution rate of
the surface layer of the passve film in which the
passvating elements are eriched. In other words, the
corrosion rate is determined by the stability of the
topmost surface of the passive film at the film/solution
interface
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