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Abstract

A TiO, thin film was deposited on AZ91 alloy to enhance the corrosion—resistance and photo-catalytic properties. Experimental results showed
that the TiO,-coated AZ91 exhibited hydrophilicity. The corrosion potential of TiO,-deposited AZ91 was higher than that of the uncoated AZ91,
suggesting an increase in the intrinsic corrosion resistance. Compared with the uncoated samples, the corrosion resistance of TiO,-deposited
samples, on the other hand, deteriorated. FE-SEM observation showed polycrystalline characteristics as well as the presence of pinholes on the
film. EDS analysis revealed the pinholes to be locales of incomplete deposition, where accelerated corrosion occurred.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Magnesium alloys are well known for such outstanding prop-
erties as low density, high specific strength, vibration absorption
ability, and electromagnetic shielding [1]. Besides their use
as 3C products, magnesium alloys have found many applica-
tions in transportation industries. AZ91 (9% Al-1% Zn), among
all magnesium alloys, is the most widely used because of its
good castability and mechanical properties, with especially large
demand for the shells of Notepad PC in the future [2].

However, because of the poor corrosion resistance of magne-
sium alloys, their applications can be severely limited without
proper corrosion-prevention treatment [3]. Currently, chemical
conversion process followed by painting [4] or anodizing treat-
ment [5] is the most widely used surface treatment, yet the results
have not been sufficient. Several researches — including such
surface treatment as micro-arc anode oxidation [6,7], new con-
version coating [8], and cladding of pure metal elements on the
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surface of magnesium alloys [9—11] — were conducted in indus-
try to address this issue. Among other active research goals are
the deposition of layers of AIN+ AIN + AIN, or AIN +TiN on
magnesium alloys using PVD [12], purification of magnesium
alloys, and the effect of second phase [13].

The present study investigates the deposition of a TiO, photo-
catalytic film on AZ91 alloy to improve the corrosion resistance
and impart photo-catalytic effect for use in dirt-prevention (self
cleaning function), which is a property that can be conveniently
assessed by measuring the contact angles as an indication of the
thin film’s hydrophilicity. The effectiveness of dirt-prevention,
and therefore the photocatalytic characteristic, increases with
decreasing contact angles. Moreover, the use of TiO; as a
depositing material offers the benefit of shunning environmen-
tally harmful materials that are usually used in conventional
surface treatments.

2. Experimental procedures

A7Z091 billets, 7" in diameter, were first heated to 350 °C and then extruded
into a sheet metal 100 mm in thickness. The sheet metal was further hot rolled
at 300 °C to a thickness of 2 mm. Specimens of AZ91, 30 mm x 3 mm, were cut
for photo-catalytic deposition.
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A thin film of TiO, was deposited on the surface of the samples using
DC magnetron sputtering under the following sputtering conditions: sub-
strate temperature, 250 °C; voltage, 470 V; vacuum pressure, 2 mTorr; argon
gas flux, 40sccm; oxygen gas flux, 7sccm. Field emission scanning elec-
tron microscopy (FE-SEM, JSM-7000F) and transmission electron microscopy
(TEM, JEOL2010) were used to observe the microstructure of the deposited films
and AZ91 substrate. The chemical composition of the films and the substrate
were analyzed using energy dispersive spectroscopy (EDS).

The crystal structure of the thin film was examined using low angle (1.5°)
X-ray diffraction (XRD) with Cu Ka (A =0.15406 nm) radiation.

Testing for photo-catalytic characteristics (self-cleaning) was conducted by
measuring the contact angles. For contact angle measurement, specimens of
AZ91 substrates, both with and without thin film deposition, were exposed to
ultraviolet light, and the contact angles of water were measured at an interval of
10 min.

Corrosion test was performed in NaCl solution with pH 7.4, using a constant
potentiometer to measure the potentiodynamic polarization curves of TiO;-
deposited and uncoated substrates, respectively. To ensure the reproducibility
of the data, a total of two specimens were tested for corrosion resistance. Each
test was conducted in a corrosion cell that contained 300 ml of 0.6 M NaCl
solution at room temperature, at a scan rate of 0.5mV~!. All the electro-
chemical measurements were made using a Princeton Applied Research model
263 A potentiostat/galvanostat with its M352 software. Platinum gauze was used
as a counter electrode, with silver/silver chloride (Ag/AgCl) as the reference
electrode. The Tafel extrapolation method [14,15] was used to determine the
corrosion current density (/oorr). Cathodic polarization data are preferred for
this method for its ease of measurement [14].

3. Results and discussion
3.1. Crystal structure of photo-catalytic thin films

Of the three possible crystal morphologies of TiO,-rutile,
anatase, and brookite-anatase shows the strongest photo-
catalytic properties [16]. Fig. 1 shows the low angle XRD
spectrum for the deposited film. The distinct crystalline Anatase
phase with photo-catalytic characteristics can be identified from
the spectrum. Also present in the spectrum are Mg-peaks, which
appeared because of X-ray penetration of the thin film into the
substrate, exciting diffraction peaks from AZ91 Mg-substrate.

3.2. Contact angle variations

When a photo-catalytic TiO» is exposed to UV light, it forms
a hydrophilic surface [17]. Fig. 2 shows the contact angle vari-
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Fig. 1. X-ray diffraction spectrum for the deposited film.
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Fig. 2. Contact angle of uncoated and TiO;-coated AZ91 alloys as a function
of UV exposure time.

ations as a function of UV exposure time for uncoated AZ91
substrates and AZ91 substrates deposited with a thin film of
TiO;. Since the contact angle variations observed in this study
are significant, the effect of surface roughness on the contact
angles may be neglected. Uncoated AZ91 substrates exhibited
very high contact angles, as high as 60°, even after UV exposure.
On the other hand, the contact angles of TiO,-coated substrates
dropped to less than 10° after UV light exposure for more than
10 min, indicating a distinct hydrophilicity of TiO,-coated AZ91
samples.

3.3. Corrosion resistance test

According to mixed potential theory, the corrosion current
densities of cathode and anode are equal to each other when the
intersecting potentials of anode and cathode polarization curves
are the same. The corrosion current, corrosion current density,
and corrosion potential can be obtained from the polarization
curve [18].

Fig. 3 shows the potentiodynamic polarization curves of
uncoated AZ91 sample and AZ91 sample deposited with photo-
catalytic thin films. The curves showed a corrosion potential
of —1.45V for uncoated AZ91 substrates and —1.26 V for
the TiO,-deposited samples. Since higher corrosion poten-
tial means better corrosion resistance, the corrosion resistance
of TiO,-deposited substrate is therefore better than that of
uncoated AZ91 alloy. The corrosion current density of uncoated
AZ91 alloy, however, was as low as 20.7 mA/cm?, in con-
trast to the much higher 720 mA/cm? for TiO,-deposited AZ91
alloy. Moreover, observation of the surface structure after
corrosion test showed that TiO,-deposited samples had cor-
roded much more severely than did uncoated AZ91 alloy, as
seen in Fig. 4. FE-SEM analysis on the surfaces of these
samples revealed many pinholes on the TiO;-deposited sub-
strates, exposing the AZ91-substrates beneath the thin film. The
deposited film of TiO; and pinhole areas of magnesium sub-
strate formed a Galvanic cell effect [19], causing accelerated
corrosion.
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Fig. 3. Potentiodynamic polarization curves of uncoated and TiO;-coated AZ91
alloys.

3.4. Microstructure and compositional analysis

The microstructure of TiO, photo-catalytic thin film shows
many pinholes on the surface. From the quantitative image anal-
ysis, the pinholes present are approximately 10% of the coated
area. Fig. 5 shows the high magnification FE-SEM microstruc-
tures. Clear images of the polygon-shaped anatase-structure can

Uncoated AZ91 TiO, coated AZ91

Fig. 4. Surface morphologies of uncoated and TiO;-coated AZ91 alloy after
corrosion test.

be identified in the pinhole-free region. The exposed parts of
AZ91 substrate were visible inside the pinhole. Fig. 6 shows
the presence of only Ti- and O-peaks on TiO; films. In contrast,
pronounced Mg-peaks, in addition to Ti- and O-peaks, were also
found in the pinholes. It is speculated that the formation of pin-
hole was caused by the residual contaminants that remained on
the surface because of insufficient cleaning of the AZ91 alloy
substrate. Fig. 7 shows the FE-SEM microstructure of the cross-
section of TiO; films, about 1 pm in thickness. The interface
between the deposited film and the substrate was defect-free,
indicating a good bonding between TiO, films and AZ91 sub-
strate. The EDS analysis of AZ91 substrate and TiO; thin film

Fig. 6. EDS results of: (a) perfect coating region and (b) pinhole formation region.
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Fig. 7. FE-SEM cross section morphology of TiO; coating.
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Fig. 8. (a) TEM cross section image of the TiO, coating, and (b) SADP taken
from the TiO; film.

clearly shows the film composition to be TiO;. Fig. 8(a) shows
the TEM image of the cross-section of TiO; film. The difference
in thickness observed between TEM and SEM images is a result
of sample preparation method since, for TEM specimens, part of
the thin film was ion milled away. The columnar-like structure of
the TiO, film indicated the crystallinity, as identified by SADP
(selected area diffraction pattern) and shown in Fig. 8(b). The
above image also showed that the deposited TiO; thin film was
not fully dense, with many pinholes on the surface. Under cor-
rosive environments, oxygen molecules penetrated into AZ91
substrate and caused the accelerated corrosion. Prevention of
pinhole formation is crucial in ensuring the protective function
of TiO, films.

4. Conclusions

The following conclusions can be summarized from the
present study:

1. Anatase-TiO; thin film could be deposited on AZ91 substrate
using magnetron-sputtering technique.

2. AZ091 substrates, deposited with a thin film of TiO,, exhibited
distinctive hydrophilic property, as illustrated by the contact
angle measurements on samples exposed to UV light.

3. The corrosion potential of TiO; thin film was higher than
that of AZ91 Mg-alloy, suggesting the corrosion-resistant
property of TiO, thin films.

4. The poor overall corrosion resistance observed in the TiO;-
deposited substrate was caused by the presence of pinholes
on the deposited film, which, not fully dense, gave rise to
Galvanic cell effect with accelerated corrosion. Preventing
pinhole formation on TiO» film will improve corrosion resis-
tance and achieve photo-catalytic effect.
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