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a b s t r a c t
Surface microstructurization is one of the important procedures to fabricate a superhydrophobic surface of
materials. Thus, this study was focused on the modiﬁcation of the surface microstructure of magnesium
materials to tailor its wettability. Bias magnetron sputtering was used to prepare magnesium thin ﬁlms. In
the deposition process, a relatively dense magnesium ﬁlm was obtained using the bias voltage of 200 V. A
solution–immersion method was subsequently applied to modify the surface of the magnesium thin ﬁlm. A
honeycomb-like layer, mainly composed of Mg(OH)2, was formed on the ﬁlm's surface after the surface
modiﬁcation. Accordingly, this route provides a basis for the following surface functionization of magnesium
materials.
© 2009 Elsevier B.V. All rights reserved.

1. Introduction
In recent years, magnesium and magnesium-base materials have
received much attention owning to their potential use as structural
materials [1,2], biomaterials [3,4], sacriﬁcial anode materials [5,6] and
hydrogen storage materials [7,8]. However, extensive applications of
magnesium and magnesium-base materials have been limited by
their poor corrosion resistance.
Surface plays an important role in controlling some properties of
materials, such as wettability, corrosion and catalysis. In order to
reduce the corrosion of magnesium materials, one of the effective
ways is to avoid the immersion in aqueous solutions and a
superhydrophobic surface seems possible to perform this function.
Because both surface free energy and surface microstructure are key
factors to inﬂuence the wettability of a surface, a traditional way to
obtain a superhydrophobic surface is usually performed as follows:
the substrate is ﬁrst modiﬁed to obtain a rough microstructured
surface and then is coated with low-surface energy materials.
Chemically, the wettability of a ﬂat solid surface is governed by the
free energy of the surface material and a ﬂuorinated surface has the
lowest free energy. Even so, the contact angle (CA) of water on such a
ﬂat surface is no more than 120° [9,10]. It is known that the
wettability of a surface can be ampliﬁed by its roughness. Thus, it is
necessary to fabricate a rough microstructured surface in the
preparation of a superhydrophobic surface. So far, many kinds of
microstructured surfaces have been created. For example, Xu [11]
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used a solution–immersion process to build a hierarchical structure
on copper substrate to perform the function of superhydrophobicity.
In this study, we attempted to fabricate a rough microstructured
surface on a sputtered magnesium ﬁlm using a simple solution–
immersion method.
2. Experimental
A DC magnetron sputtering system was performed to prepare
magnesium ﬁlms on as-polished silicon substrates and glass substrates
in this study. Substrates were ultrasonically washed in pure alcohol for
5 min before they were sent into the vacuum chamber. When the base
pressure of the chamber was below 2.66 × 10− 3 Pa, the magnetron
sputtering source was used to prepare Mg ﬁlms with Ar as sputtering
gas. The speciﬁc parameters are shown as follows: Ar ﬂux of 40 sccm,
sputtering current of 2 A and deposition of 60 min. In this series of
experiments, negative bias voltage was applied at pulse mode with
frequency of 350 kHz and its value was chosen as 50, 100, 200 and 300 V
for investigation, respectively. After magnesium ﬁlms were obtained,
they were immersed into 3.5 wt.% sodium chloride solution for 30 min
at room temperature (RT) for surface modiﬁcation.
Field emission scanning electron microscope (FESEM) was
performed to characterize the surface morphology and cross section
morphology of the obtained Mg ﬁlms. X-ray diffraction meter (XRD)
with Cu Kα radiation was used to study the crystal structure of these
ﬁlms. After surface modiﬁcation, FESEM was applied to observe the
surface and cross section morphology of the modiﬁed surface layer. Xray diffraction meter (XRD) and X-ray photoelectron spectrometry
(XPS) were performed to identify the phase structure and the
chemical state of the elements in the surface layer, respectively.
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3. Results and discussion
Fig. 1 shows the surface and the cross section morphologies of
sputtered magnesium thin ﬁlms. With the increase of bias voltage
from 50 V to 200 V, the obtained magnesium coating became dense
gradually. But, the ﬁlm turned looser again when the value of bias
voltage reached 300 V. Fig. 2 presents the XRD patterns of magnesium
thin ﬁlms prepared under different bias voltages. When applied bias
voltage was 50 V, there were three peaks, (002), (102) and (103),
occurred in the XRD pattern of Mg ﬁlm. The (002) texture was
gradually strengthened with the increase of bias voltage. In the
process of thin ﬁlms deposition, when bias voltage is applied to
substrate, energetic Argon ions are introduced to bombard the surface
of the growing thin ﬁlm. The higher the applied bias voltage is, the
higher the energy of Argon ion is. Thus, the energy of deposition
atoms is enhanced, which improves their diffusion ability. So, the
quantity of the pores between columns is reduced as a result of the
enhancement of the deposition atoms' diffusion ability. But, the resputtering effect will be also gradually enhanced with the increase of
bias voltage, which eventually induces the ﬁlm to become loose again.
From the result of SEM observation, it was found that the Mg ﬁlm
prepared at bias voltage of 200 V was relatively dense. Thus, the ﬁlm
prepared at bias voltage of 200 V was used as a template in order to
reduce the effect of substrate in the following immersion process.
Fig. 3 shows the surface morphology and the cross section
morphology of the modiﬁed layer on Mg surface. Combined with
the observation of the surface and the cross section, it can be found
that this modiﬁed layer presented a honeycomb-like structure, which
also indicates that a microstructured layer was successfully obtained
by this facile method. Fig. 4 (a) shows the XRD patterns of Mg ﬁlm
after immersion. By comparison, it can be found that this modiﬁed
layer mainly consisted of Mg(OH)2. XPS with Argon ions etching was
further used to investigate the modiﬁed layer. The aim of Argon ions
etching was to investigate the chemical state of the elements within

Fig. 2. XRD patterns of magnesium ﬁlms prepared at different bias voltages.

the modiﬁed layer. The high resolution XPS spectra of Mg 2p and O 1s
were shown in Fig. 4 (b). After 10 min Ar ions etching, Mg 2p peak was
slightly shifted to a lower position in the XPS spectra. For O 1s peak, an
obvious difference occurred in the curves between the original surface
and the etched surface. In the curve of the original surface, the peak
can be deconvoluted into two peaks whose binding energy correspond to Mg(OH)2 and MgCO3. In the curve of the etched surface, the
peak can be deconvoluted into two peaks whose binding energy
correspond to MgO and Mg(OH)2. By comparison, it can be found that
the content of Mg(OH)2 turned lower with the occurrence of MgO at
the investigated depth of the modiﬁed layer. But, there is no distinct

Fig. 1. Surface morphologies (a–h) and cross section morphologies (i–l) of Mg ﬁlms prepared at different bias voltages.
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Fig. 3. Low and high magniﬁcation SEM images of the modiﬁed layer on Mg ﬁlm
prepared at bias voltage of 200 V: (a) and (b) surface morphology and (c) and (d) cross
section morphology.
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signal of MgO occurred in the XRD spectra, which is probably due to
the very small content of MgO within the modiﬁed layer. Therefore,
combined with the result of XRD, it can be determined that this
modiﬁed layer was mainly composed of Mg(OH)2 with a small
quantity of MgO.
Generally, the fabrication of a rough microstructured surface is a very
necessary process to obtain a superhydrophobic surface. As depicted
above, a facile solution–immersion method was successfully used to
obtain a microstructured surface on magnesium thin ﬁlm. Actually, this
idea is inspired from the corrosion study of magnesium alloy. For pure
magnesium materials, the corrosion product ﬁlm, Mg(OH)2, is spontaneously formed in aqueous solution and its formation process will be
accelerated with the existence of Cl−. XPS with Ar ions etching as a
traditional method has been used for the characterization of corrosion
product of magnesium for a long time [12,13]. But, up to now, there is a
lack of methods to observe the cross section of the corrosion product
effectively because the magnesium substrate is very difﬁcult to be split.
In order to overcome this difﬁculty, we deposited Mg ﬁlm on Si substrate
in this study. Because the cleavage of silicon substrate was easy to be
accomplished, the cross section of Mg ﬁlm after corrosion was
successfully observed. That is to say, this paper also provides a new

Fig. 4. (a) XRD patterns of Mg ﬁlm before and after modiﬁcation and (b) high resolution XPS spectra of the modiﬁed layer on Mg ﬁlm.
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and facile technique to study the cross sections of corrosion products
formed on magnesium and magnesium-base materials.

(grant no. 08R214156) and Zhejiang Province Key Technologies R & D
Program (grant no. 2008C21055).

4. Conclusions

References

A facile solution–immersion method was used to modify a
sputtered magnesium ﬁlm's surface. A honeycomb-like layer, mainly
composed of Mg(OH)2, was formed on its surface after 30 min of
immersion in NaCl solution. This route provides a good basis for the
following surface functionization of magnesium materials.
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