Available online at www.sciencedirect.com
L 4

“e.* ScienceDirect

Trans. Nonferrous Met. Soc. China 30(2020) 2413-2423

Transactions of
Nonferrous Metals
Society of China

& slles Science
ELSEVIER Press

www.tnmsc.cn

Comparison on corrosion resistance and
surface film of pure Mg and Mg—14Li alloy

Chuan-qiang LI, Zhi-pei TONG, Yi-bin HE, Huai-pei HUANG, Yong DONG, Peng ZHANG
School of Materials and Energy, Guangdong University of Technology, Guangzhou 510006, China
Received 25 December 2019; accepted 20 June 2020

Abstract: To study different corrosion resistances and surface film types of hexagonal close-packed (HCP) pure Mg
and body-centered cubic (BCC) Mg—14wt.%Li alloy in 0.1 mol/L NaCl, a series of experiments were conducted,
including hydrogen evolution, mass loss, in-situ electrochemical testing combined with Raman spectroscopy and
microstructural observation. The results indicate that the corrosion resistance of pure Mg is superior to that of Mg—14Li,
and the protective function of the surface films on both magnesium systems is elevated within 16 h of immersion in
0.1 mol/L NaCl. An articulated, thick, and needle-like surface film containing Li,CO; on Mg—14Li, different from the
typically thin, flaky Mg(OH), film on pure Mg, is confirmed via scanning electron microscopy (SEM). However, both
surface films can be broken down at a high anodic over-potential. Thus, different corrosion resistances of the two Mg
systems are ascribed to various protective films forming on their surfaces.
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1 Introduction

Magnesium (Mg) is an electrochemically and
chemically active metal. Thus, it readily reacts with
the atmosphere in humid environments [1—4].
Generally, a thicker outer layer of Mg(OH), and a
thinner inner layer of MgO are deposited on the
surface of hexagonal close-packed (HCP) Mg
alloys in NaCl solution [5—7]. The compactness and
protective function of the surface film on
magnesium are characterized by the Pilling—
Bedworth ratio (PBR) [8,9]. A PBR less than one
indicates that the film formed to protect the
magnesium is insufficient [9]. Furthermore, the
PBR also reflects the stress state of surface film, i.e.,
a tensile stress developed in the film with PBR <1,
and compressive stress developed in the film with

PBR >1 [8,9]. Therefore, a significant deviation of
the PBR to one can cause cracking and spallation of
the surface film due to large growth stress in the
surface film [8]. The PBR of Mg(OH), film (1.8) is
greater than 1, whereas the PBR of MgO film (0.8)
is lower than 1 [9]. The PBR bias of Mg(OH), film
is higher, while MgO film is uncompacted and also
reacted with water to form hydroxide [6,10,11].
Consequently, the surface film of Mg(OH), cannot
protect the magnesium effectively.

Although alloying elements can modify the
composition of the surface film on magnesium to
some extent [12—14], the protective function of
the surface film on traditional HCP Mg is still
insignificant during the long-term corrosion
process [12]. Furthermore, the addition of
alloying elements to magnesium generally causes
inclusions and/or second phases, resulting in a high
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degradation rate induced by galvanic corrosion
between the matrix and inclusions/second
phases [15—17]. The corrosion resistance of high
purity Mg is superior to that of Mg alloying
systems [17]. Regarding application, in practice,
alloying Mg is also an effective approach to
achieving a balance between mechanical and
corrosion performance [18,19]. Although alloying
lithium alters the crystal structure (HCP structure:
<5.5 wt.% Li, HCP + body-centered cubic (BCC)
duplex  structure: 5.5-103wt.% Li, BCC
structure: >10.3 wt.% Li) and effectively improves
the ductility of magnesium alloys, their corrosion
resistance is closely correlated with their lithium
content [4,20].

Recently, many works have shown that the
BCC Mg-Li system presents ultra-high corrosion
resistance in NaCl solution because its surface is
covered by Li,CO; and other compounds, which
have attracted researchers’ attention [20,21]. YAN
et al [22—24] identified the specific properties of the

protective film on the multi-alloy Mg—Li—Al-Y—Zr.

The multi-layered film comprises an outermost
Li,COs layer, a porous layer comprised of needle-
shaped Mg(OH),, a thin intermediate layer
containing a relatively intense signal of Al, and a
more compact inner layer containing Mg(OH),,
MgO, as well as Li,CO; and Mg hydroxy-
carbonate [22—24]. Furthermore, surface dissolution
of a BCC Mg-Li—Al-Y-Zr alloy can be
suppressed quickly after damage, which is
consistent with the notion that a so-called self-
healing, protective film can form on BCC Mg—Li
alloys in an aqueous solution [22]. In addition, the
enhanced protective function of the surface film on
binary BCC Mg—14Li alloy with prolonged
exposure time to NaCl solution has also been
reported in previous work [21]. Therefore, the BCC
Mg-Li system can be classified as a high-
corrosion-resistant Mg alloy, which can guide the
future design of high-strength alloying magnesium
with a concomitant high corrosion- resistant BCC
matrix.

Previous studies have primarily focused on Mg
and Mg-Li alloys containing alloying element,
resulting in an ambiguous understanding on the
intrinsic nature of the surface film on HCP Mg and
BCC Mg—Li due to the effect of alloying elements
and/or secondary phases in the matrix. In particular,
the composition and the deposition process of

binary BCC Mg-Li alloys without additional
elements are unclear to date. In this study, to further
deepen the fundamental understanding of the
corrosion and surface films in the entire Mg system,
pure HCP Mg and BCC Mg—14Li are used to
eliminate other possible influences (e.g., second
phases). As a combination of electrochemical and
Raman testing is an effective approach to identify
specific properties of the surface film on metal
materials [23,25], an in-situ Raman—electro-
chemical technique is configurated to study the
surface film formed on the pure HCP Mg and BCC
Mg—14Li alloy during cathodic and anodic
polarization.

2 Experimental

The raw material was highly pure Mg with a
nominal purity of 99.95 wt.%. Binary Mg—14Li
alloy with a nominal composition of approximately
86.25 wt.% magnesium and 13.66 wt.% lithium was
fabricated via vacuum induction furnace using high
purity Mg and Li ingots. The purity of pure
magnesium and the compositions Mg—14Li alloy
were analyzed by inductively coupled plasma
atomic emission spectrum (ICP-AES). To eliminate
casting defects, the Mg—14Li alloy was extruded
into a plate with a cross-sectional size of 50 mm x
15 mm at about 350 °C. Sample pieces cut from the
pure Mg ingot and Mg—14Li plate were ground
with silicon carbide (SiC) papers to a 5000 grit
finish and then finely polished to a 1 um finish with
ethanol. Phase analysis was conducted by a D/Max
2400 X-ray diffraction (XRD) system using
monochromatic Cu K, radiation, a step size of 0.02°
and a scan rate of 1 (°)/min.

To study corrosion performance, samples with
12 mm % 10 mm X% 3 mm dimensions were immersed
in 0.1 mol/L neutral NaCl solution (pH=6.9) for a
specific duration at room temperature. The corroded
surface was observed using optical microscopy
(OM) and scanning electron microscopy (SEM,
JEOL-7100F). For hydrogen evolution experiments,
samples with 15 mm X 15 mm x 6 mm dimensions
were immersed in 0.1 mol/L NaCl solution (open to
air) for 24 h at room temperature. Hydrogen gas
was collected via an inverted funnel and burette
above the immersed specimens. Mass loss tests
were also performed for 3 days in 0.1 mol/L NaCl
at room temperature for samples with surfaces
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prepared to a 2000 grit using SiC paper. Afterwards,
samples were cleaned to remove corrosion products
from surface using a chromic acid solution of
200 g/L chromium trioxide, 10 g/L silver nitrate and
20 g/L barium nitrate.

Potentiodynamic polarization measurements
were carried out with a scan rate of 1 mV/s by using
a Bio-Logic VMP-3Z potentiostat. A conventional
three-clectrode electrochemical configuration was
employed with platinum as counter -electrode,
saturated calomel electrode (SCE) as reference
electrode and the samples with an exposed area of
1 ecm® as working electrode. The measurements
were performed in 0.1 mol/L NaCl solution at room
temperature. To
properties of surface film on the pure Mg and
Mg—14Li, potentiodynamic polarization and
electrochemical impedance spectroscopy (EIS) was
conducted following 10min, 8 h and 16h
immersion in 0.1 mol/L NaCl. The scan frequency
of EIS was carried out over a frequency range from
100 kHz to 10 mHz with 10 mV of amplitude of
sinusoidal potential signals with respect to the OCP.
The EIS spectra were fitted using ZSimpWin 3.30
software. In all cases, at least three replicated tests
for each electrochemical test were performed to
ensure the reproducibility. To analyze the corrosion
films on the pure Mg and Mg—14Li matrix, Raman
spectroscopy was performed by using confocal
microscopy system (WITec, alpha 300R) with 50
objective (NA=0.9) in an ambient condition. The
532 nm laser was used to excite samples that were
placed on a piezo crystal-controlled scanning stage.
The spectra were collected using 1800 line/mm
grating. To clarify the deposited compounds on the
surface in real time, the in-situ configuration
combined with the electrochemical and Raman tests
was set up.

assess the electrochemical

3 Results and discussion

3.1 Microstructure and corrosion resistance
X-ray diffraction (XRD) results show that the
pure Mg and Mg—14Li alloy are composed of HCP
o-Mg and BCC ALi, respectively, as shown in
Fig. 1. For comparison of the corrosion behaviors
of the pure Mg and Mg—14Li, the hydrogen
evolution, mass loss rate and corroded surface of
pure Mg and Mg—14Li subjected to 24 h immersion
in 0.1 mol/L. NaCl solution are shown in Fig. 2.

Compared with conventional Mg alloys, both the
pure Mg and the Mg—14Li alloy exhibit a low
hydrogen evolution rate [26], indicating the
superior corrosion resistance of a pure matrix (HCP
or BCC structure). Generally, the cathodic second
phases and/or impurity caused by the alloying
process are considered to be the key in the
corrosion performance of a Mg matrix [27,28]. In
addition, persistent Li;CO; compounds can be
deposited to effectively protect the BCC Mg—Li
matrix, mitigating the detrimental effect of lithium
alloying [20]. In this work, it is notable that the
hydrogen evolution rate of pure Mg with an HCP
matrix is lower than that of BCC Mg—14Li with a
BCC matrix, concomitant with localized dark
corrosion products on the surface (Fig. 2(d)). To
further assess the corrosion resistance of the pure
Mg and Mg—14Li alloy, mass loss testing was also
conducted and the results show that the corrosion
rate of pure Mg is lower than that of binary
Mg—14Li alloy (Fig. 2(b)). Therefore, the corrosion
resistance of high purity Mg is better than that of
Mg—14Li alloy in this study.

+—a-Mg
o—fB-Li
L
Mg-14Li N
‘ ) .
Pure Mg L 1 g0 ®

20 30 40 50 60 70 80
26/(%)

Fig. 1 X-ray diffraction (XRD) spectra of pure Mg and

Mg—14Li alloy

3.2 Electrochemical testing

Electrochemical testing after immersion in
0.1 mol/L NaCl for different time intervals (OCP
retention) shows the corrosion resistance of surface
film deposited on the matrix and potentiodynamic
polarization curves of the pure Mg and the
Mg—-14Li alloy are shown in Fig.3. The
polarization characteristics of the pure Mg are:
(1) cathodic kinetics is essentially unaffected
by the conditioning time in 0.1 mol/L NaCl,
which is varied from 10 min to 8 h and then 16 h;
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Fig. 2 Hydrogen evolution (a), mass loss rate (b) and corroded surface of pure Mg (c) and Mg—14Li (d) alloy after 24 h

immersion in 0.1 mol/L NaCl
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Fig. 3 Potentiodynamic polarization curves of pure Mg (a) and Mg—14Li alloy (b) exposed to 0.1 mol/L NaCl for

different OCP conditioning periods

(2) dissolution (anodic) current for relatively low
anodic overpotentials gradually decreases with
increasing exposure time, concomitant with the
temporal increase in the anodic Tafel slope from
10 min to 8 h to 16 h; (3) a distinct film breakdown
potential (—1.4 V vs SCE) is noted in response to
anodic polarization conditions for 8 h, and the
breakdown potential (—1.25 V vs SCE) is further
elevated after the OCP holding time is prolonged to
16 h. The polarization characteristics of pure Mg
demonstrate that a time- dependent surface film

which does not influence
cathodic kinetics, nor provides a kinetic barrier to
anodic dissolution. It appears that the elevated
corrosion resistance of HCP Mg in this study
contradicts the commonly held concept that Mg has
poor corrosion resistance [29]. However, the high
electrochemical corrosion property of pure Mg
herein is attributed to the purified matrix (excluding
heteroatoms) subjected to weakened ion exchange
in dilute NaCl solution. In contrast, the surface film
of Mg(OH),, which is insoluble naturally, retains its

formation occurs,
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protective capacity for an extended period. For the
alloyed magnesium, the protective Mg(OH), is
present but only for a short time because of the
enhanced electrochemical or chemical reaction
induced by cathodic inclusion and/or second
phases, which has been elucidated in previous
works [30,31]. Similar polarization characteristics
as those of pure Mg are detected in BCC Mg—14Li
after immersion for different time, but the
breakdown potential (=1.45 V vs SCE) for 16 h
immersion remains almost constant when compared
with that for 8 h immersion. Meanwhile, the current
density reduces slightly with the increase of
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immersion time. In essence, the surface film on
Mg—14Li alloy is sensitive to corrosion current,
whereas the surface film on pure HCP Mg is
sensitive to corrosion potential. However, it can be
speculated that the surface film on the BCC
Mg—14Li alloy is prone to stabilizing rapidly, but
endures a low anodic over-potential in NaCl
solution.

To further study the corrosion surface film of
the two magnesium specimens, electrochemical
impedance spectroscopy (EIS) tests were conducted
in 0.1 mol/L NaCl solution and the results are
shown in Fig. 4. The Nyquist plots of the pure Mg
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Fig. 4 EIS spectra of pure Mg (a, c, e) and Mg—14Li alloy (b, d, f) exposed to 0.1 mol/L NaCl solution for different
OCP conditioning periods: (a, b) Nyquist plots; (¢, d) Bode plots of |Z] vs frequency; (e, f) Bode plots of degree vs

frequency
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and the Mg—14Li alloy subjected to different OCP
conditioning periods consist of one large high—
medium frequency capacitance loop and one small
low frequency capacitance loop. The high
frequency capacitance loops are ascribed to the
electric double layer at the interface between the
Mg substrate and the electrolyte, while the low
frequency capacitance loops are related to the
surface film [32]. In addition, the diameter of the
capacitance loops for the pure Mg and the Mg—14Li
alloy is enlarged with increasing OCP holding time.
In general, the large capacitance loop indicates the
low dissolution rate [31,32]. On the other hand, the
low frequency inductance loops appear generally
for conventional magnesium alloys due to corrosion
nucleation at the initiation stage of localized
corrosion [31,33]. However, the absence of an
inductive loop is unique in the Nyquist response of
Mg alloy during EIS testing in dilute chloride
solution in this study. Therefore, the protective
function of the surface film on the matrix of the
pure Mg and the Mg—14Li alloy is elevated after
short-term immersion in 0.1 mol/L NaCl solution.
Furthermore, the size of the loops for pure Mg is
larger than that for Mg—14Li alloy, indicating a
better corrosion performance of pure Mg, which is
inconsistent with the results from hydrogen
evolution and mass loss rate (Fig. 2).

In terms of the Bode plots of |Z] versus
frequency (Figs. 4(b) and (e)), the impedance
values consistently rise from a high frequency to
low frequency for pure Mg and Mg—14Li alloy
within the testing time. Moreover, the impedance
values of pure Mg are larger than those of Mg—14Li
alloy. For the Bode plots of degree versus frequency
(Figs. 4(c) and (f)), besides a small wave crest
observed in the low frequency range, a large wave
crest is visible for pure Mg and Mg—14Li alloy
under all conditions in the high frequency range,

indicating the presence of two capacitance loops.
Thus, the EIS results demonstrate that the corrosion
resistance of the two specimens composed of pure
HCP and BCC matrix increases with the immersion
time during 16 h of immersion due to the formation
of a surface film, which is in agreement with the
results from the polarization curves.

For further comparison of the corrosion
characteristics of pure Mg and Mg—14Li alloy,
electrochemical equivalent circuit models (inserted
in Figs. 4(a) and (b)) are proposed to fit the EIS
data and the fitted results are listed in Table 1. In
the equivalent circuits, R is solution resistance; R;
and Qg represent charge transfer resistance and
electric double layer, respectively, at the interface
between substrate and electrolyte; Oy is defined by
Yq and ng, if ng=1, Qq is identical to a capacitor,
and if ng=0, Qyq represents a resistance; Ry and QO
(defined by Y and n¢) represent film resistance and
capacity in the low frequency capacitance loop,
respectively. The R; values of the two specimens
increase with immersion time, but the R, values of
pure Mg are consistently larger than those of
Mg—14Li alloy for a certain immersion time,
implying the better corrosion resistance of pure Mg.

3.3 Surface film

SONG et al [31] found that for the HCP
Mg—Z7n alloy, a compact corrosion product film
formed during the initial stage of immersion (less
than 2 h), and then the film gradually degraded due
to dissolution reaction. Moreover, Mg—5Zn alloy
containing more second phases accelerated the
occurrence of a broken surface film compared with
Mg—2Zn alloy with less second phases [31]. For
BCC Mg—10.95Li—3.29A1-0.59Y-0.19Zr alloy
containing second phases, the surface film can
maintain its protective function even it was
scratched or at a positive loading over-potential of

Table 1 Fitted EIS data on basis of equivalent circuits presented in Fig. 4

Sample Cond.itioning R/ i _lel/ L R/ i | Yy L " Ry i
time (Q-cm’) (uQ -cm “s") (Q-em’)  (UQ -cm “s") (Q-cm”)

10 min 70+0.6 13.0£2.4 0.94+0.02 1375+13 867+29 0.514£0.04 1206+46

Pure Mg 8h 72+0.8 12.5£1.5 0.92+0.01 1828+36 809+18 0.64+0.02 1334+21
16 h 68+0.5 12.5+1.8 0.9240.01 2605+46 79722 0.70+0.02 1468+18

10 min 89+0.8 33.2434 0.92+0.02  778+48 3053+253 0.724£0.03 324433

Mg—14Li 8h 90+1.2 33.7+£3.4 0.86+£0.03 1593+117 2461+195 0.88+£0.04 492453
16 h 80+0.7 45.1£3.5 0.85+£0.07 1803£213 2155426 0.894£0.02 511+£19
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50 mV [22]. Therefore, it can be speculated that the
cathodic second phases are generally detrimental to
the Mg(OH), film of traditional HCP Mg. However,
it is hard to destroy the resilient Li,CO; film on
BCC Mg-Li during immersion in NaCl. In this
work, a pure matrix without second phases
contributes to the prolonging life span of an intact
Mg(OH), film on pure Mg. To further compare the
morphologies and composition of the surface film
on the HCP and BCC magnesium specimens, the
SEM images and Raman testing results of the
surface film (planar and cross-sectional) on the pure
Mg and the Mg—14Li alloy after 8 h immersion
are shown in Fig. 5. Typical flake-like Mg(OH),
particles are observed on the pure Mg, as reported

in previous work [31]. However, the cross-sectional
film is barely observed on the pure Mg, which is
ascribed to limited Mg(OH), (combined with MgO)
compounds deposited on the HCP Mg. The outer
Mg(OH), layer is typical with thickness of 500 nm,
and the inner MgO layer is only 50—90 nm [34-36].
After 8 h immersion, the corrosion film on the pure
Mg is very thin and cannot be properly observed on
cross-sections by SEM. Nevertheless, previous
works have systematically characterized the surface
film on magnesium and confirmed the existence of
Mg(OH), and MgO layers via transmission electron
microscopy (TEM) at nano-scale [35].

The primary composition of the surface film
on pure Mg can be determined as Mg(OH), detected

Substrate

200 400 600 800 1000 1200
Raman shift/cm™!

200 400 600 800 1000 1200

Raman shift/cm™

Fig. 5 Planar (a, b) and cross-sectional (c, d) morphologies and Raman analysis (e, f) of surface film on pure Mg (a, c, €)

and Mg—14Li alloy (b, d, f) exposed to 0.1 mol/L NaCl for 8 h
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via Raman spectroscopy even though its peak
is weak (Fig.5(e)). For Mg—14Li alloy, the
morphology of the surface film presents articulated
need-like particles that are evidently different from
the flake-like Mg(OH), particles. Meanwhile, the
thickness of the surface film on Mg—14Li is up to
4 pum, but some fine cavities are doped, indicating
the possible occurrence of permeated corrosive
media in the film. As a result, the thick film can still
be broken down with prolonging immersion time
(Fig. 2(d)). On the other hand, the addition of
lithium (with high chemical activity) can facilitate
the formation of the surface film due to the rapid
ion exchange (deposition) occurring on the surface.
Furthermore, lithium existing in the sub-surface
can transfer into the outmost surface, resulting in an
enriched Mg inner-layer under the outmost
layer [23,24]. The primary composition of the
surface film on Mg—14Li is defined as Li,CO;
compounds based on Raman spectroscopy
(Fig. 5(f)). Therefore, the addition of lithium with
high chemical activity can alter the surface film on
Mg, including the morphology and composition,

N
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whilst the thick protective film is not optimal for
the binary BCC Mg—Li as it consumes much more
substrate. The possible regulating and controlling
surface film on Mg—Li alloys will be researched in
our future study.

The surface film forming dynamically on the
pure Mg and Mg—14Li alloy during potentio-
dynamic polarization is characterized by Raman
spectroscopy in real time (the schematic of the
special cell system is shown in Fig. 6(a)) and the
testing points are denoted on the schematic ¢p—J plot
(Fig. 6(b)). The corresponding Raman results are
shown in Figs. 6(c) and (d). As the fluorescence is
caused by the thin electrolyte (containing water) on
the surface of the sample [37], two peaks at about
320 and 490 cm ' always emerge, annihilating the
information of limited Mg(OH), (located at about
300 and 450 cm') [38]. Moreover, the Raman
spectra corresponding to the location of carbonate
are consistently flat for pure HCP Mg, indicating
that only a limited amount of carbonate compounds
can be deposited on the surface of pure Mg during
polarization. Furthermore, a thin layer of Mg(OH),

(d) ) .
0 — Matrix 5 — AP-6 min
1—CP-1 min 6— AP-8 min
2—CP-2min 7— AP-10 min
3—AP-3min 8 — AP-12 min
4—AP-4min 9 — AP-14 min

200 400 600 800 1000 1200
Raman shift/cm™

Fig. 6 Schematic in-situ configuration of electrochemical-Raman tests (a), testing points on schematic ¢p—J plot (b), and

corresponding results of pure Mg (c) and Mg—14Li alloy (d) during potentiodynamic polarization in 0.1 mol/L NaCl
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is not detected on the pure Mg or it is overlapped by
the fluorescence effect. However, it is still rational
to evaluate the Li,CO; compounds on Mg—14Li
alloy located at about 1100 cm™' [38]. It can be seen
that Li,CO; compounds are not deposited on the
Mg-14Li alloy during cathodic polarization as no
vibration is detected on the Raman spectra
(Curves 0-2), while the Li,CO; vibration is
apparent when a low anodic potential is applied
(Curves 3 and 4). When the anodic potential is
further elevated, the Li,CO; vibration disappears
(Curves 5-9), implying that the Li,CO; surface film
can only form at a proper potential. In essence, the
cathodic over-potential inhibits the formation of
Li,CO; and the high anodic over-potential can
accelerate its dissolution [21]. Therefore, a Li,CO4
film can form dynamically on the BCC Mg—Li,
especially at a low anodic potential, resulting in an
essential difference in the surface film with that on
the traditional Mg.

It is apparent that a pure or single Li,CO; film
on the pure BCC Mg—Li matrix does not contribute
to the high corrosion resistance of alloying BCC
Mg—Li as its protective function is inferior to that
of a pure or single Mg(OH), film on pure Mg. The
protective film on BCC Mg—Li alloys is composed
of complicated compounds instead of the single
Li,COs, and the film can be optimized through
alloying and/or processing. The effect of the crystal
structure of pure HCP Mg and BCC Mg—14Li alloy
on the corrosion behavior and surface film is
considered theoretically in this work. However, the
change in the corrosion performance and surface
film due to the crystal structure in the magnesium
system is not as large as the effect of altering the
bulk alloy chemistry, as reported in the previous
work [39]. Thus, the chemical or electrochemical
properties of the alloying elements in the matrix
determine the corrosion resistance and surface film
of magnesium.

4 Conclusions

(1) The corrosion resistance of pure Mg
covered with flake-like Mg(OH), film is superior to
that of Mg—14Li alloy covered with articulated
needle-like Li,CO;5 film.

(2) The Li,CO; film deposited on the surface is
defined using a static and dynamic Raman
technique combined with immersion and electro-

chemical testing. The Li,CO; film with some
cavities allows the permeation of corrosive ions and
dissolves under a high applied anodic potential.

(3) The protective function of unalloyed
Li,COs film, which consumes much more substrate,
is not the most ideal for magnesium, but guides a
possible way for regulating the film containing
Li,CO; and/or other compounds through alloying.
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