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Abstract

The orientation effect of AZ31 alloy sheets prepared by continuous variable cross-section
direct extrusion (CVCDE) on corrosion properties was studied by electrochemical methods.
The results show that after CVCDE, the uniformity of magnesium alloy sheet in different
directions is different, the grains in the extrusion direction (ED) are more fine and uniform,
and the crystal planes in the sheet plane perpendicular to different directions are different.
Due to the deflection of the basal and pyramidal plane towards the compression direction, the
main crystal planes in the plane perpendicular to transverse direction (TD) are (0002), while
the crystal planes perpendicular to ED are (1010) and (1120). In electrochemical impedance
spectroscopy, the curve can be divided into two stages with time: the gradual formation of the
corrosion film and the thickness of the corrosion layer. The thickness of the corrosion layer
is an important factor causing the difference of corrosion properties in different directions.
Corrosion in different directions begins with filiform corrosion and gradually develops into
crevice corrosion and pitting. The (0002) crystal plane perpendicular to TD is easier to form
pitting corrosion than the (1010) and (1120) crystal planes perpendicular to ED.

Key words: AZ31 magnesium alloy, sheet, electrochemistry, continuous variable cross-

section direct extrusion (CVCDE), corrosion resistance

1. Introduction

Magnesium and its alloys have plentiful resources,
excellent comprehensive properties, and broad pros-
pects [1-3]. Magnesium alloys are the lowest density
metals used in structural applications, and this feature
is attractive for energy-saving and weight loss in the
mechanical industry [4-6]. However, the poor corro-
sion resistance seriously restricts further wide-ranging
and deep-level application of magnesium and its al-
loys. The equilibrium potential of magnesium is neg-
ative in metals, —2.74 (V), which is chemically active
and is susceptible to chemical and electrochemical cor-
rosion [7-9]. The PBR (Pilling-Bedworth Ratio) value
of MgO formed on the surface of the magnesium is
only 0.73 (< 1) [10], and the surface film is porous
and easily broken. Therefore, the protection capacity

of the magnesium matrix is poor in the atmosphere,
ocean, and other environments, which is not conducive
to a wide range of applications. This is a substantial
obstacle to using magnesium alloys in key supplica-
tions in the automotive and aerospace industries. The
components may be affected by high mechanical load
and corrosive environment, resulting in severe damage
to their performance and rapid decline in service life
[11-13].

To improve the corrosion resistance of magnesium
alloys, people were committed to revealing the rela-
tionship between microstructure and corrosion prop-
erties [14, 15]. On the one hand, the grain size af-
fects the corrosion behavior. According to Zou et al.
[16], fine and uniform dynamic recrystallized grains
can improve the corrosion resistance of Mg-4Zn al-
loy sheets. At the same time, it is believed that grain
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boundaries can be used as corrosion barriers to re-
sist the occurrence of corrosion. In the study of Yang
et al. [17], magnesium alloy sheets with many twins
(~52%) have good corrosion resistance, mainly be-
cause more grain boundaries introduced by tensile
twins make the microstructure of the alloy more uni-
form thus inhibiting the occurrence of corrosion be-
havior. On the other hand, the texture characteristics
of crystals also affect corrosion behavior. He et al. [18]
studied the mechanical properties and corrosion resis-
tance of magnesium alloy sheets in terms of texture
symmetry. The results showed that the introduction
of symmetrical weak basal texture could significantly
improve the sheet isotropy of magnesium alloy, im-
prove its comprehensive mechanical properties, and
effectively improve the corrosion resistance of magne-
sium alloy sheets. Song et al. [19] and Luo et al. [20]
reported that the surface composed of (0001) basal
plane was more corrosion resistant and electrochemi-
cally stable than the surface composed of (10-10) and
(11-20) crystal planes. The preliminary results show
that the corrosion resistance of AZ31 alloy can be im-
proved by adjusting the microstructure and texture of
magnesium alloy.

Grain refinement, second phase refinement, second
phase rearrangement, dislocation formation, and twin
formation can be made through the comprehensive ac-
tion of deformation and temperature in the hot extru-
sion process, which provided a possible way to improve
the corrosion and mechanical properties of magnesium
alloy [21]. Haroush et al. [22] found that AZ80 mag-
nesium alloy extruded at a relatively low temperature
of 250 °C showed the best corrosion resistance due to
the minimum dislocation density and grain size. Zhang
et al. [23] systematically studied the effects of different
surface textures on the corrosion behavior of extruded
Mg-4Al-1Sn-1Zn alloy sheets. The results showed that
the corrosion morphology and corrosion resistance of
different surfaces were obviously different. The corro-
sion morphology was mainly determined by the dis-
tribution of the second phase and fine grain region,
and the corrosion rate was more closely related to the
overall texture.

In summary, magnesium alloys are a priority in
responding to the “lightweight” trend, and the re-
search on their forming and corrosion properties has
also made some progress. The continuous variable
cross-section direct extrusion (CVCDE) is a novel pro-
cessing and forming method that integrates fine-grain
preparation into the extrusion process [24]. Due to the
particularity of the extrusion method, the distribu-
tion of the grain size in different directions of the ex-
truded sheet is also different, which results in different
corrosion properties along with different directions of
the extruded sheet. Therefore, the corrosion resistance
of magnesium alloy sheets in different directions was
studied by the electrochemical method.
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Fig. 1. The mold structure schematic of CVCDE.

2. Experimental

CVCDE is a new type of extrusion process, which
cleverly adds a certain number of interim dies inside
the cavity to change the overall core mold structure
so that the billet can be continuously sheared in the
extrusion process. And then, a larger amount of strain
can be accumulated so that the grains of the extrusion
parts can be refined and the mechanical properties
can be improved. In the present research, the two-
stage interim die and extrusion core die are used to
form the die cavity, and the magnesium alloy sheet is
directly extruded with CVCDE. The die structure of
the CVCED process is shown in Fig. 1.

AZ31 magnesium alloy billet was placed in the die
for homogenization treatment at 350°C. Magnesium
alloy sheets with a size of 14 mm wide and thickness
of 2 mm were extruded directly by CVCDE at 350°C.
The initial billet had a diameter of 40 mm, and the ex-
trusion ratio was 44.88. Immediately after the extru-
sion process, it was quenched into water. The magne-
sium alloy sheet product after extrusion and the sam-
ples are shown in Fig. 2. The sheet-shaped specimens
were embedded in an epoxy-based resin so that only
the prepared surfaces were subjected to corrosion.

In Fig. 2, ED is the extrusion direction, TD is
the transverse direction (perpendicular to extrusion
direction), ND is the normal direction perpendicular
to the sheet. The middle part of the sheet obtained
by the CVCDE process was selected for the follow-
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Fig. 2. Magnesium alloy sheet.

ing experimental measurement and analysis. The non-
experimental surface was encapsulated with epoxy
resin, and the experimental surface was polished with
sandpaper to a smooth mirror surface without obvi-
ous scratches, which reduced some extra factors af-
fecting the experimental results and ensured the va-
lidity of the measured data. The size and distribution
of grain structure of magnesium alloy sheet in differ-
ent directions were observed by metallographic mi-
croscope. Electrochemical experimental tests mainly
included open circuit potential, Tafel curve, and elec-
trochemical impedance spectroscopy. According to the
measurement results, the difference in corrosion prop-
erties between the different directions of the extruded
sheet with CVCDE was analyzed.

The electrochemical experiment used a three-
electrode system in which the platinum electrode was
used as an auxiliary electrode, the saturated calomel
electrode was used as a reference electrode, and the
magnesium alloy sheet of different orientations was
used as a working electrode. Magnesium alloy sheets
were cleaned by ultrasonic in alcohol after polishing
to remove surface impurities, to prevent the accuracy
of the experimental results from being affected. Be-
fore the electrochemical measurement, the RST5000
series electrochemical workstation was connected with
wires for electrodes. The sample and electrodes were
both immersed in corrosion solution (3.5 % NaCl so-
lution) for 5min, and then the data were measured
and recorded after the whole circuit system was sta-
bilized. The magnesium alloy sheet of different direc-
tions was soaked for a different time at the same time
and then ultrasonically cleaned in alcohol, dried by
cold air, and preserved. The OLYMPUS-GX71-6230A
metallographic microscope was used to observe micro-
scopic morphologies of the different directions of the
magnesium alloy sheet after soaking.

3. Results and discussion
3.1. Metallographic structure

Figure 3 shows metallographic photographs of

Fig. 3 Metallographic photographs of different directions:
(a) ED, (b) TD.

sheets of different directions extruded by CVCDE.
The average grain size in different directions is sim-
ilar, but the uniformity of grain distribution is quite
different.

As shown in Fig. 3a, equiaxed grains distribute uni-
formly in the ED, and some second-phases intermetal-
lic Mgl7Al12 particles scatter on grain boundaries,
which indicates that dynamic recrystallization occurs
during extrusion [24, 25]. Continuous shear stress re-
fined the grains obviously, so the grain size is relatively
uniform, and the grain distribution is also relatively
uniform. As shown in Fig. 3b, the grain size is not
uniform in the TD, and some fine equiaxed grains are
wrapped in several larger grains. It is due to the fact
the magnesium alloy is deformed more strongly in par-
allel with the extrusion direction. With the increase
of deformation degree, the stored energy accumulates
continuously, and the diffusion ability of grain bound-
ary is larger, which may lead to larger grains annexing
smaller grains, resulting in larger grain size.

3.2. Grain orientation

Figure 4a is the XRD of extruded magnesium al-
loys. It is obvious that a strong texture has formed
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Fig. 4. XRD analysis: (a) as-cast magnesium alloys, (b)
ED, (c) TD.

with high intensity at (1011) peak because the basal
planes of grains are perpendicular to the extrusion
direction, forming the extrusion wire texture. After
CVCDE, the grain orientation changes. In the ED of
the magnesium alloy sheet, the crystal plane contained
changes. The crystal planes perpendicular to the ED
include (1010), (1011), (1120), and a small amount
of (0002) basal plane. The diffraction intensity along
(1010) increases to the peak, and the (1120) also has
a higher diffraction intensity. Therefore, the prismatic
texture (1010) and (1120) mainly formed in the ED, as
shown in Fig. 4b. From the profile in Fig. 4c, it is seen
that (0002) basal planes of the majority of the grains
are oriented perpendicular to TD, and the (1010) and

(1011) crystal planes of some grains are perpendicular
to TD. The continuous variable cross-section process
was applied to sheet making; when the sheet was fi-
nally formed, the billet was subjected to pressure from
TD and ND, which makes the c-axis of the crystal
deflect and form a certain texture [24]. The funda-
mental reason is that the activation of the basal and
pyramidal slip systems causes lattice rotation. The di-
rection normal to the basal plane rotates towards the
compressive direction, and the direction normal to the
pyramidal also rotates towards the compression direc-
tion. According to the critical shear stress ratio of the
two slip systems, the lattice rotation caused by the
basal and pyramidal slip systems may become bal-
anced [26-28]. The compression along the ND and
TD deflects the basal plane of the crystal, the crys-
tal plane left in the ED becomes pyramidal, and the
crystal plane left in the TD is mainly (0002).

The XRD results show the crystal planes con-
tained in the macro-region of the tested sample sur-
face. EBSD is the crystal orientation information in
a micro-region, which is more accurate. From Fig. 5,
we can see that the grain orientation distribution ob-
tained by electron backscatter diffraction (EBSD) is
basically consistent with Fig. 4. In the ED, the grains
with the (1010) orientation are obviously in the ma-
jority, and the distribution of grain orientation is rel-
atively concentrated. In the TD, there are grains with
three orientations, the proportion of the grains with
the (0002) orientation is relatively large, and the dis-
tribution of grain orientation is relatively dispersed.
(1010) and (1011) are also the main grain orientations
in the TD. Combined with XRD results and EBSD
orientation analysis, it can be seen that the grain ori-
entation of magnesium alloy sheets in different direc-
tions is quite different, and different grain orientation
distributions will have different effects on the corro-
sion resistance of magnesium alloy sheets.

3.3. Open circuit potential

Figure 6 shows the fluctuation of the open circuit
potential of the magnesium alloy sheet of different di-
rections extruded by CVCDE immersing for 3 h. The
potential fluctuation curves of the ED and TD are in-
cluded in Fig. 6.

It can be seen that there are different potential
trends in two different directions. The potential of the
ED stabilizes finally around —1.380V, while that of
the TD ends around —1.550 V. Thus, the open-circuit
potential in the TD is more negative than that in
the ED. Thermodynamically, the TD is more likely
to form a tiny galvanic cell with the corrosive liquid,
resulting in an anodic reaction where the anode mate-
rial loses electrons to form ions. The general trend
of open-circuit potential in both directions is an ob-
vious upward trend, preserving a steady state. Volt-
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Fig. 5. Grain orientation distribution: (a) ED, (b) TD.
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Fig. 6. Open circuit potential change of different direc-
tions.

age drop appears in both ED and TD at the initial
stage of measuring open-circuit potential, mainly due
to solution resistance. The potential in the ED rises
rapidly, and it rises to —1.390 V at about 3500 s. From
the initial stage potential to the steady-state for about
2000s, and then the potential remains basically sta-
ble. The potential in the TD stabilizes for a period of
time around —1.580 V and begins to rise gradually un-
til 5000 s. Then, it remains stable around —1.57 V and

lasts 2000s during the rise. In the same period, the
potential of two different directions reaches a steady
state, while the ED increases from —1.530 to —1.390V,
and the potential increases by 0.140V. The TD in-
creases from —1.580 to —1.547V, and the potential in-
creases by 0.033 V. It can be seen that the potential
in the ED changes more rapidly. At the initial stage
of immersion in corrosion solution, the corrosion ten-
dency in the ED is greater than that in the TD.

In addition, since the open-circuit potential in the
ED takes less time to reach a stable value than that
in the TD, the time when the corrosion film is formed
in the ED is shorter than that in the TD. When the
corrosion film is completely deposited on the surface,
the potential gradually becomes steady. According to
the study of Hagihara et al. [29], different orientations
affect the corrosion rate. The corrosion rates increased
in the order (0002) < (1120) < (1010) < (1123)
< (1012). Therefore, the open-circuit potential in ED
is stabilized faster. Due to the existence of a small part
of (1012) orientation in TD, the potential is smaller.

3.4. Polarization curve

Figure 7 shows Tafel curves in different directions
of the magnesium alloy sheet extruded by CVCDE.

The different curves show the corrosion behavior
difference between the two directions, which mainly
depends on the setting extrusion speed, die structure,



6 C. G. Ma, W. Kang / Kovove Mater. 60 2022 1-11

-2

——TD-ND
——ED-ND

a3k

Lg|I|/log(mA-cm?)

6}

.7 PR SRR ST (LY ST S N S
-1.8 -1.7 -1.6 -1.5 -1.4 -1.3 -1.2 -1.1 -1.0

E (V)

Fig. 7. Tafel curves of different directions.

and other process parameters of CVCDE. Therefore,
there are differences in the grain size and orientation
in different directions of the extruded magnesium al-
loy sheet, thereby affecting the comprehensive prop-
erties of the sheet in different directions. The grains
in the ED are relatively small, and the distribution
is relatively uniform, but the grain size in the TD
is different. The uniformity of grain size can make
the corrosion potential move towards positive poten-
tial. It can be seen the self-corrosion potential E.opr
in the ED is between —1.4 and —-1.3V, and the self-
corrosion potential FE.op in the TD is between —1.6
and —1.5V, so the difference between the two is about
200mV. The difference in self-corrosion potential is
mainly due to the difference in the grain size. Accord-
ing to the comparison of self-corrosion potentials, the
self-corrosion potential in the TD is lower, and the
corrosion tendency should have been more severe in
the corrosion solution because of its lower potential.
However, the corrosion current densities of two differ-
ent directions are similar; the current density in the
ED is 3.016843E-05A cm~2, and that in the TD is
2.276979E-05 A cm~2. It indicates that the corrosion
rates achieved by the two directions are not signifi-
cantly different. The reason is that although the grain
size of the TD is slightly larger, the electrochemical
activity of (0002) basal texture is weak [30], which
makes up for its defect of larger grain size, thus weak-
ening the corrosion tendency of TD caused by lower
self-corrosion potential.

3.5. Electrochemical impedance spectroscopy
As shown in Fig. 8, the Nyquist plot of the magne-

sium alloy sheet immersed in the corrosion solution for
different times is shown. Figure 8a is the impedance
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Fig. 8. Nyquist plots of different directions with time:
(a) ED, (b) TD.

diagram of the ED changing with time, and Fig. 8b is
the impedance diagram of the TD changing with time.

The Nyquist plot is based on the real part of the
impedance as the abscissa and the negative part of
the imaginary part as the ordinate. Each point in the
figure represents different frequencies. The left side
has high frequencies and becomes a high-frequency
area, while the right side has low frequencies and
becomes a low-frequency area. Huang et al. [31, 32]
stressed the importance of electrochemical impedance
spectroscopy (EIS) for getting quantitative informa-
tion concerning the physical properties of inner barrier
layers and outer porous layers. The electrochemical
impedance is mainly composed of three parts, which
are internal resistance R{2, electric double layer ca-
pacity Cd, and Faraday impedance Zf. Among them,
R is the internal resistance of the electrolyte and
the electrode; electric double-layer capacity Cd is de-
rived from the inactive ions in the electrolyte, and no
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Fig. 9. Bode plots of different directions: (a) and (c) TD-ND, (b) and (d) ED-ND.

chemical reaction occurs, only changing the charge dis-
tribution; Faraday impedance Zf is derived from the
active ions in the electrolyte, which has a redox re-
action and charge transfer. It can be seen that there
are some similarities in the Nyquist plot of different
directions. The common feature of both directions is
the appearance of two capacitive loops at the medium
and high frequencies. Inductive loops also appear at
low frequencies, and the points in the low-frequency
range are densely distributed, and the points in the
high-frequency range are relatively loose. The capac-
itive loop in the high-frequency region is related to
the properties of the oxide film. The capacitive loop
is affected by the electric double layer capacity and
the charge transfer resistance generated by the elec-
trochemical corrosion of the sample in the simulated
seawater. Medium frequency capacitive loops are at-
tributed to mass transfer relaxation (probably Mg2+)
in the solid phase or aggregated layers. The induc-
tive loop is generated by the parallel connection of
inductance and resistance. It is due to the existence of
the relaxation process of adsorbates on the electrode

surface or due to the instability of the system during
the immersion. The ED changes with time, and the
Nyquist plot changes are not obvious. The capacitive
loops of the ED at high frequencies are overlapped.
Except for the Nyquist plot measured by immersion
for 0 h, the responses of the other three Nyquist plots
at each frequency are basically the same. It is indi-
cated that after immersion for 1 h, the passivation film
of the ED has basically formed, and the charge trans-
fer and the material transfer have also reached equilib-
rium. The TD changes with time, and the Nyquist plot
changes greatly. With the prolonged immersion time
in corrosion solution, the size of the high-frequency
loop and medium frequency capacitive loop gradu-
ally becomes larger, especially from 1 to 3h. It indi-
cates that the TD occurs the electrochemical reaction
continuously in the corrosion solution before immer-
sion for 1 h. When immersed for 3 h, the Nyquist plot
changes significantly, the response change of each fre-
quency becomes smaller, and the capacitive loops of
high frequency and medium frequency are similar in
size. At this time, the corrosion film has covered the
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entire surface of the TD. During the continuous im-
mersion process, the main factor affecting the change
of the Nyquist plot is from the gradual formation of
the corrosion film to the change of the thickness of the
corrosion film. Therefore, the change of the Nyquist
plot with time can be divided into two stages: the
gradual formation of the corrosion film and the thick-
ening of the corrosion layer.

Comparing the Nyquist plots in the ED and TD,
it can be seen that the size of the capacitive loop in
the TD is always larger than the size of the capacitive
loop in the ED for the same time of immersion. Espe-
cially after immersion for 3 h, the size of the capacitive
loop of the two directions has a significant difference.
It can be seen from Fig. 4 that after immersion for 3 h,
both ED and TD are entirely covered by the corrosion
film, so the reason for the large difference in the size of
the capacitive loop is mainly attributed to the thick-
ness of the corrosion layer of MgO/Mg(OH)2. This
indicates that thickness reduction resulted in reduced
protection [33].

Figure 9 shows Bode plots in the different direc-
tions of magnesium alloy sheets extruded by CVCDE.
The Bode plot consists of two kinds of curves: the ab-
scissa is the logarithm of the frequency, while the ordi-
nate is the logarithm of the impedance modulus or the
phase angle of the impedance. Figures 9a,b show Bode
plots of ED and TD in which the ordinate is phase
angle, respectively. Figures 9c¢,d show Bode plots of
ED and TD in which the ordinate is the logarithm of
the impedance modulus, respectively. The phase an-
gle and impedance modulus change with frequency,
as can be observed in the Bode plots. It can be seen
that the ED shows two-time constants, and the TD
also has two-time constants. The impedance modu-
lus in both directions also shows a general trend of
increasing first and then decreasing, then approach-
ing the level, from low frequency to high frequency.
This trend is attributed to the diffusion of reactants
or products in the low-frequency region and the charge
transfer process in the high-frequency region. At low
frequencies, the electrode process is controlled by the
diffusion mass transfer step, and concentration polar-
ization occurs. At high frequencies, the AC (alternat-
ing current) frequency is high. The anode and cathode
reactions change rapidly. Therefore, the diffusion can-
not occur in time, and the concentration polarization
portion can be omitted. Combining the Nyquist plots
and Bode plots of the two different directions after im-
mersion for 5h, the corresponding equivalent circuit
was fitted to analyze the electrode system concretely.

If the electrode process is controlled by a charge
transfer process (electrochemical reaction step) and
the impedance caused by the diffusion process is neg-
ligible, the equivalent circuit of the electrochemical
system can be simplified to Fig. 10. In the equivalent
circuit, Rs is the solution resistance, R is the charge

0
PN
s _@ ct /\A/R

L

Fig. 10. Equivalent circuit.

Table 1. Fitting parameters of equivalent circuits

Rs Rct RL
(ohm cm?) (ohm cm?) (ohm cm?)
ED 7.29 54.4 157.2
TD 8.64 155 252.3

transfer resistance, RL is the inductive resistance, and
@ is the constant phase angle element.

As shown in Fig. 10, the equivalent circuit fitted by
two sections in different directions is the same. In the
equivalent circuit, the equivalent inductance element
L is connected in series with the inductive resistance
Ry,. The constant phase angle elements are often used
to replace electric double layer capacities due to sur-
face non-uniformity and dispersion effects. The fitting
data obtained by simulating the impedance diagram
with the above electrochemical circuit is shown in Ta-
ble 1.

Table 1 shows that the solution resistance Ry,
charge transfer resistance Ry, and inductive resistance
RL in the TD are significantly higher than those in
the ED. The larger the R, the more difficult the ion
exchange or Faraday process in the solution is to pro-
ceed. The larger the R, the more complete the film
on the surface of the electrode, and the more unfavor-
able the charge transfer. The larger the Ry, the more
obvious the relaxation phenomenon caused by surface
adsorption. It is indicated that the corrosion rate in
the TD is significantly lower than that in the ED after
5h of immersion.

3.6. Micromorphology

Figure 11 is the SEM of magnesium alloy sheets
extruded by CVCDE after different immersion time.

As shown in Figs. 10a,b, the corrosion form in
both directions is filiform corrosion which densely dis-
tributes in the form of a mesh on the corroded surface
of the magnesium alloy when immersed for 1 h. With
the prolonged immersion time, the corrosion degree
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Fig. 11. (a)—(f) SEM of different directions after soaking for different times.

in both directions is gradually deepened, and filiform
corrosion is used as a starting point to develop crevice
corrosion and pitting corrosion. It can be seen that
when immersed for 3 h, as shown in Figs. 10c,d, the
ED continues to corrode mainly in the form of crevice
corrosion, while the TD not only appears crevice cor-
rosion but also pitting corrosion. The pitting corrosion
is narrow and deep, and the crevice corrosion is rela-
tively wide and shallow. It shows that the corrosion in
the TD tends to proceed in the depth direction, so pit-

ting is more likely to form. When the immersion time
is extended to 5 h, as shown in Figs. 10e,f, several pit-
ting holes appear on the crevice corrosion in the ED.
At this time, the entire surface had been entirely cov-
ered by the corrosion film, and it gradually began to
develop in the depth direction. The pitting holes in
the TD have developed into large corrosion pits. It
can be seen that a number of corrosion pits are con-
centrated together, and meanwhile, pitting holes con-
tinue to appear and develop toward corrosion pits. In
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some previous studies, the pitting morphology formed
on the surface also showed crystal orientation depen-
dence [34, 35]. Figures 3 and 4 show that in the ED,
(1010) is the main grain orientation, while in the TD,
(0002) is the main grain orientation. According to the
corrosion resistance of different orientations, although
the existence of (0002) orientation in TD increases the
corrosion resistance, the coarse grain and the appear-
ance of a small part (1012) lead to local pitting.

4. Conclusions

1. The grain orientation of extruded magnesium al-
loys is (1011). After CVCDE, the grains in the ED are
fine and uniform, and (1010) and (1120) become the
main grain orientations, while the uniformity of grains
in the TD is poor, and the main grain orientation is
(0002). The uniformity of grain size can make the cor-
rosion potential move towards the positive potential.

2. In the initial stage of immersion of magnesium
alloy sheets prepared by CVCDE, the (1011) orien-
tation makes the open-circuit potential in ED stable
faster. The existence of a small part of (1012) orien-
tations in TD results in a lower potential.

3. The characteristics of Nyquist plots of two dif-
ferent directions are that two capacitive loops appear
at medium and high frequencies, and inductive loops
also appear at the low frequency. The impedance dia-
gram of the ED changes little with time, while that of
the TD changes greatly. The change of the impedance
diagram with time can be divided into two stages:
the gradual formation of the corrosion film and the
thickening of the corrosion layer. The thickness of the
MgO,/Mg(OH)2 corrosion layer is the main factor af-
fecting two different directions.

4. The corrosion forms in two different directions
starting with filiform corrosion and gradually develops
into crevice corrosion and pitting as the immersion
time increases. The coarse grain and the appearance
of a small part (1012) lead to the occurrence of pitting
corrosion.
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