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Abstract: The microstructures and corrosion behavior of the as-cast AZ91—xVN (x=0, 0.25, 0.5 and 1 in wt.%) alloys
were investigated using optical microscopy (OM), X-ray diffraction (XRD), scanning electron microscopy (SEM) and
electrochemical measurements. The results showed that VN can significantly refine and modify the microstructures of
AZ91-xVN alloys. The corrosion resistance of the AZ91 alloy was first improved and then deteriorated with the
addition of VN particles. The superior corrosion resistance of the as-cast AZ91—0.25VN alloy with the lowest corrosion
rate (Pw=(1.47+0.06) mm/a) was attributed to the additional grain boundaries. With the further increase of VN content,
the amount of the lamellar f-Mg;7Al» precipitation phase increased, and thus the galvanic corrosion between f phase
and the a-Mg matrix was promoted, resulting in the deteriorated corrosion resistance of the alloys.
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1 Introduction

High energy efficiency and low emission
materials are always desirable, especially under
the current challenge of worldwide energy crisis
and environmental pollution. Therefore, there is
considerable interest in the design and development
of lightweight and energy efficient materials [1].
Among them, magnesium (Mg) and its alloys, with
low density (1.74 g/cm?), high specific strength,
high specific stiffness, and good electrical and
thermal conductivity are ideal materials in the field
of automotive, acrospace, and consumer electronics
(3C) products. However, the poor corrosion
resistance of the alloy still limits the large-scale

industrial production of Mg-based products [2,3].
Due to the active nature and high negative
potential, Mg and its alloys are susceptible to
galvanic corrosion, and moreover, the porous oxide
film on their surface cannot prevent the base metal
from further corrosion failure [4]. There are several
techniques which can improve the corrosion
resistance of Mg alloys, such as surface coating
techniques [5,6], alloying [7], hot deformation [8]
and microstructural control [9]. Among these
techniques, grain size control is one of the most
feasible methods to achieve the improvement
of corrosion behavior of Mg alloys [10—15].
However, the effect of grain size on the corrosion
resistance of Mg alloys is not well understood.
Some researchers believed that grain boundaries
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were crystallographic defects, which were normally
preferentially eroded, and thus grain refinement
actually accelerated the corrosion rate [10,11]. In
contrast, ABDEL-GAWAD and SHOEIB [12]
demonstrated the negative correlation between
corrosion resistance and grain size in Ca and Zn
modified Mg alloys, which meant that small grain
size allowed enhanced corrosion resistance. ZHANG
et al [13] pointed out that the corrosion resistance of
pure Mg can be significantly improved via the grain
size refinement. CUBIDES et al [14] found that the
corrosion performance of AZ91 alloy was improved
after ECAP treatment, which was attributed to the
grain refinement and the uniformly distributed
p-Mgi7Al; along the grain boundaries. BUZOLIN
et al [15] added CaO and RE to AZ91 alloy, which
significantly refined the grain size and improved the
corrosion resistance of the alloy, respectively.

Besides, as the low-cost and efficient grain
refiners, nitrides have been widely applied to
the microstructure control of metals by many
researchers throughout the world. BACH et al [16]
found that the decrease in grain size of Al-based
alloy was attributed to addition of AIN. LAZAROVA
et al [17] verified that the addition of 0.1 wt.%
TiCN particles can significantly refine the grain size
of P265GH cast steel. Recently, nitrides have
been widely studied to be potential heterogeneous
nucleation agents for Mg and its alloys. FU
et al [18] added 0.5 wt.% AIN to AZ31 Mg alloy,
and the grain size of the alloy was distinctly
reduced. YANG et al [19] in situ fabricated
AIN/AZ91 composites by the bubbling nitrogen
method, and found that the grain size was
significantly refined by the addition of AIN. ZHAO
et al [20] reported that the AIN phase can act as
heterogeneous nucleation sites for small-sized a-Mg
grains. Similar phenomena in our previous work
were also observed in the AZ31 Mg alloy with the
addition of VN particles [21]. In molten metal, VN
spontaneously reacted with Al to in situ generate
the AIN phase, and the generated AIN and the
unreacted VN particles served as the nucleation for
a-Mg, thus refining the grain size. Therefore, VN
might be a promising candidate for grain refinement
of Mg alloy.

This work was initiated to understand the
effects of the addition of VN particles on the
microstructure and corrosion performance of AZ91

alloys. Then, the corrosion performance of
AZ91-xVN alloys was evaluated by immersion
tests, polarization curves, and electrochemical
impedance spectroscopy (EIS). Meanwhile, the
effects of different microstructures on the corrosion
behaviors of AZ91 alloys were systematically
illustrated.

2 Experimental

2.1 Materials preparation

Mg (99.9%), Al (99.9%), Zn (99.9%), Mg—
10%Mn master alloys and VN particles with a
diameter of 1 um were together used to prepare the
experimental materials using an electromagnetic
induction furnace. The melts were protected in a
CO; + SFs atmosphere, manually stirred at 750 °C
for 15 min and held for 10 min, and then poured
into a preheated graphite mold to obtain
d85 mm x 180 mm as-cast AZ91-xVN (x=0, 0.25,
0.5 and 1 in wt.%) alloys. Center sections of ingots
were taken and cut into cubic specimens of
10 mm x 10 mm x 10 mm, and some of the
specimens were subjected to solid solution
treatment at 420 °C for 5 h.

2.2 Microstructure characterization

The sample surfaces were ground with 400%—
2000% grit SiC papers, and subsequently polished
with 0.3 um alumina slurry. Then, the as-cast alloys
were etched using an etchant (1 g oxalic acid +
19 mL distilled water), and the solution-treated
alloys were etched with acetic picral (2.1 g picric
acid + 5 mL acetic acid + 5 mL distilled water +
35 mL alcohol). The microstructure of the alloys
was observed by optical microscopy (OM, Zeiss
200 MAT) and scanning electron microscopy (SEM,
FEI Quanta 250) equipped with energy dispersive
spectroscopy (EDS). The phase composition was
analyzed by X-ray diffraction (XRD, D8 Advance)
with a scanning angle from 5° to 90° and a scanning
rate of 5 (°)/min.

2.3 Corrosion immersion test

As-cast samples were encapsulated in epoxy
resin and their work surfaces with an area of
lemx 1em were ground to 2000% grit using
SiC papers. Then, the samples were immersed
in a 3.5wt.% NaCl solution for 24 h at room
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temperature and the hydrogen gas generated during
the immersion experiment was collected using the
combination of an inverted funnel and a burette. At
the end of the experiment, the corroded surfaces
were investigated with SEM. After that, the samples
were ultrasonically cleaned using 200 g/ Cr,0; +
10 g/L AgNO; and anhydrous ethanol to remove
corrosion products, and the mass loss of the
samples was recorded using an electronic precision
balance [22]. The average corrosion rate, Pw

(mm/a), was transformed by the following
equation [23]:
Pw=3.65Am/p (1

where Am is the metal mass loss rate (mg/(cm?-d)),
and p is the density of the sample, which is
1.74 g/cm3.

The hydrogen evolution rate, Vi (mL/(cm?-d)),
was converted into the corresponding corrosion rate
Py (mm/a), using the following equation [24]:

Pu=2.279Vu (2)

2.4 Electrochemical measurement

Electrochemical characterization was carried
out in an electrochemical workstation (Zahner
Zennium 40125) with a classical three-electrode
system. The samples with an exposed area of 1 ¢cm?
were used as the working electrode, a saturated
calomel electrode was used as the reference
electrode, and a Pt sheet was used as the counter
electrode.

The polarization tests were measured in a
range from —500 to 500 mV (vs OCP) at a scan rate
of 1 mV/s after the open circuit potential (OCP)
was stabilized at room temperature in a 3.5 wt.%
NacCl solution. The Tafel extrapolation method was
used to determine the polarization curve parameters,
where the corrosion current density (J,,;) was
positively correlated with the corrosion rate (P,
mm/a) by the following equation [25]:

P1:22. 85Jc()rr (3)

EIS experiments were performed in the
frequency range from 100 kHz to 10 mHz with
an amplitude signal of 10 mV at an OCP. The
experimental data were fitted and analyzed by using
Zview software. Each electrochemical test was
repeated at least three times to ensure the
reproducibility of the results.

3 Results and discussion

3.1 Microstructure

Figure 1 shows the optical micrographs of the
as-cast and solution-treated AZ91-xVN (x=0, 0.25,
0.5 and 1, wt.%) alloys. From Figs. 1(a—d), a large
number of f-Mg7Al2 phases are distributed in the
as-cast alloys with a continuous or intermittent net
structure, which makes it impossible to clearly
visualize grain boundaries and calculate their
grain sizes. The average grain size of the AZ91
alloy is (166.95+4.37) um, while it decreases
to (54.5242.06) um for the AZ91-0.25VN alloy.
What’s more, with the further increase of VN
content, the grain sizes of the AZ91-0.5VN and
AZ91-1VN alloys increase to (139.25+3.75) pm
and (143.84 +3.28) um, respectively.

Figure 2 presents the XRD patterns of the
as-cast AZ91—xVN alloys. Obviously, a-Mg
(PDF#89-4894) and p-Mgi7Al;,  (PDF#01-1128)
phases exist in the AZ91 alloy, and the addition of
VN results in the appearance of AIN (PDF#46-1200)
phase, which is determined in previous studies [21].
In molten metal, the VN particles could react with
Al to form AIN phase and V monomer. But the V
element is easy to solubilize in the Mg matrix, thus
no significant peak of V-containing phase is
identified in the XRD pattern.

To further investigate the composition and
distribution of secondary phases in the alloys,
the microstructures of as-cast AZ91 alloys with
different contents of VN particles and the
corresponding EDS results are shown in Fig. 3. The
eutectic f§ phase, the AlI-Mn phase and the lamellar
J phase are respectively confirmed at Points 4, B
and C, and the black particles (Points D and E) with
an approximately 1:1 Al/N molar ratio are identified
as AIN phase, which is consistent with XRD result.
Therefore, the AZ91-xVN alloys consist of a-Mg
phase, randomly distributed bulk Al-Mn phase,
two kinds of morphologies of f-Mgi;Al;> phases
(eutectic and lamellar S phase) and a small amount
of AIN phase. Most of the eutectic f phases are
surrounded by lamellar § phases. Given that the
eutectic is metastable in Mg—Al alloys, the
supersaturated eutectic o-Mg decomposes into
lamellar f phase by discontinuous precipitation
at a sufficiently low cooling rate of casting [26,27].
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Fig. 1 Optical micrographs of AZ91-xVN alloys: (a—d) As-cast, x=0, 0.25, 0.5 and 1, respectively; (e—h) Solution-

treated, x=0, 0.25, 0.5 and 1, respectively

Al-Mn intermetallic particles are frequently found
in Mg—Al alloys due to the addition of Mn, which
reduces the detrimental effect of Fe impurities on
the corrosion resistance of the alloys [28]. Besides,
the grain size of the AZ91-0.25VN alloy is
significantly smaller than that of the unmodified

AZ91 alloy, which is in keep with the OM results.
The eutectic and lamellar £ phases increase with the
addition of 0.5% and 1% VN, and meanwhile,
the AIN phase increases slightly in size and is
encapsulated by the matrix, especially in the
AZ91-1VN alloy. The grain refinement mechanism
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of AZ91—-0.25VN alloy is thus assumed that the
fine AIN phase which is mainly distributed within
the grain, could act as heterogeneous nucleation
sites for a-Mg grain during the solidification to

Soc. China 33(2023) 13981410

refine grain. This is consistent with classical
nucleation theory and other studies [21,29,30].
With further increasing VN content, some AIN
particles become coarser, as shown in Figs. 3(c, d).
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Fig. 2 XRD patterns of as-cast AZ91—xVN alloys (a) and amplified part (b)
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Aggregation of AIN particles at higher VN
contents would prevent coarse particles from
being active heterogeneous nucleation sites to
reduce the grain size and decrease grain refinement
efficiency [31,32]. Moreover, because of the
constitutional undercooling caused by solute
elements ahead of the solid/liquid interface, the
addition of Al into Mg alloys results in significant
grain refinement [33]. Increasing lamellar § phase
with more VN addition implies that more S phase
precipitates from matrix, which indicates that more
Al element dissolves in a-Mg solid solution during
solidification. Meanwhile, less Al element in
molten Mg alloy results in the weak effect of
constitutional undercooling. So, the existence of
VN or AIN would promote the solution of Al
element in o-Mg and deteriorate constitutional
undercooling effect. Compared with AZ91-0.25VN
alloy, the grain sizes of AZ91-0.5VN and AZ91—
IVN alloys were coarsened, because Q-values
(growth restriction factor) for Al element in the
experimental alloys decrease with increasing VN
content.

3.2 Corrosion behavior

Figures 4(a, b) show the hydrogen evolution
and mass loss rate of AZ91-xVN alloys after
immersion in a 3.5 wt.% NaCl solution for 24 h at
room temperature, respectively. Initially, the oxide
films on the surface protect the matrix, therefore the
hydrogen evolves slowly in a short time. After that,
the chloride ions penetrate into the film, the active
surface area gradually increases, and the corrosion
of the matrix accelerates. The amount of hydrogen
evolution of the AZ91-0.25VN alloy is
(1.75+£0.07) mL, which 1is smaller than that
(3.10£0.12) mL of AZ91 alloy. However, when the
VN content continues to increase, the amount of
hydrogen produces by AZ91-1VN alloy increases
significantly to (9.10+0.37) mL, which is 5.2 times
that of AZ91—0.25VN alloy. This result indicates
that excessive VN leads to worse corrosion
resistance of the alloy. Similar trend is observed for
the mass loss rate of the samples after immersion
for 24 h, and AZ91-0.25VN alloy shows the best
corrosion resistance with an average mass loss rate
of (0.70+0.03) mg/(cm?-d).

Figure 5 shows the corrosion morphologies of
the four alloys, and it is found that the corrosion
starts with pitting corrosion, then spreading around
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Fig. 4 Hydrogen evolution (a) and mass loss rate (b) of
AZ91—xVN alloys immersed in 3.5 wt.% NaCl solution
for 24 h

and combining gradually to form the localized
corrosion. The AZ91, AZ91-0.25VN, AZ91-0.5VN,
and AZ91-1VN alloys are respectively corroded
with surface areas of approximately 31.8%, 22.0%,
41.6%, and 59.3%, proofing the best corrosion
resistant of the AZ91-0.25VN alloy. The grain size
and the amount and distribution of the secondary
phase play a crucial role in the corrosion process.
SONG and ATRENS [34] suggested that if the
volume fraction of the continuously distributed
net-like f-Mgi7Ali; phase was small, the f phase
mainly acted as a galvanic cathode and accelerated
the corrosion process of the a-Mg matrix; however,
for high volume fractions, the f-Mgi7Ali, phase
may act as an anodic barrier and inhibit the overall
corrosion of the alloy. Nevertheless, in this
experiment, the content of the lamellar f-Mgi;Ali2
phase in the Mg matrix increases with the
addition of VN, which shows negative effects on
the corrosion behavior, leading to more pitting
corrosion spots, forming galvanic corrosion, and



1404 Wei QIU, et al/Trans. Nonferrous Met. Soc. China 33(2023) 1398—-1410

Fig. 5 Macroscopic surface of AZ91-xVN alloys immersed in 3.5 wt.% NaCl solution for 24 h: (a) x=0; (b) x=0.25;

(c) x=0.5; (d) x=1

accelerating the corrosion rate of the Mg
matrix [35]. Therefore, among the four alloys,
AZ91 alloys with 0.5wt.% and 1wt% VN
additions show the worst corrosion resistance. The
corrosion resistance of AZ91-0.25VN alloy is
improved because less lamellar f-Mg;7Al;» phase is
distributed in the matrix, and the grain refinement
enables more grain boundaries to act as a protective
barrier [36]. The collection of fine gains formed a
protective passive layer, which helps to reduce the
corrosion rate in alkaline sodium chloride (NaCl)
electrolyte [37].

SEM images and XRD patterns of the
corroded products on the alloy surfaces after
immersion in 3.5 wt.% NaCl for 24 h are presented
in Figs. 6 and 7, respectively. The corrosion product
layer is mainly Mg(OH), (PDF#76-0667), and the
reaction that occurs when alloys are immersed is
shown in Reaction (4) [38]:

Mg+2H,0—~Mg(OH),+H, 1 “4)

Deep corrosion pits and long cracks (white
arrows) exist on the AZ91 alloy surface (Fig. 6(a)),
and the long cracks may provide channels for the
CI” penetration and accelerate the corrosion of the
matrix. In the edge area of the pit, the alloy surface
is covered by fine chunks of corrosion products
without cracks. In the NaCl solution, AZ91-0.25VN

alloy reveals more uniform and weaker corrosion
behavior. The surface of the alloy is piled up by
small chunks of corrosion products, which are
uniformly and densely distributed on the matrix,
with some fine cracks (as shown by the arrows in
Fig. 6(b)). This demonstrates that the corrosion
products on the surface of AZ91-0.25VN alloy
have high stability and good isolation from the
external corrosive environment, which reduces the
corrosion rate. When the mass fraction of VN is
0.5% and 1%, the corrosion products become loose
and fill with hydrogen pores and the corrosion pits
become increasingly deeper (as shown by the arcs
and arrows in Figs. 6(c, d)). There are many holes
and gaps on the alloy surface, which increase the
active area of the Mg matrix and cannot effectively
prevent corrosion.

3.3 Electrochemical performance

The polarization curves of the AZ91-xVN
alloys in the 3.5 wt.% NaCl solution are shown in
Fig. 8. All specimens are in an active state during
the polarization process. The fitted @cor and Jeorr
values obtained by using the Tafel extrapolation
method are summarized at the top of Fig. 8. The
corrosion current density of AZ91-0.25VN alloy
is (177.5+3.2) uA/cm?, which is lower than that
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Fig. 6 SEM images of corrosion products on surface of AZ91-xVN alloys: (a) x=0; (b) x=0.25; (c) x=0.5; (d) x=1
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Fig. 7 XRD patterns of corroded products on surface of
AZ91—xVN alloys

of other alloys. Based on Faraday’s law, corrosion
current density is proportional to the corrosion
rate [39], indicating that the addition of 0.25 wt.%
VN enhances the corrosion resistance of AZ91
alloy. In contrast, the Jeorr values for AZ91-0.5VN
and AZ91-1VN alloys are (210.7+£6.7) and
(367.4+8.9) uA/cm?, respectively, showing that the
corrosion of AZ91 alloy is accelerated by further
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Fig. 8 Polarization curves of AZ91—xVN alloys
immersed in 3.5 wt.% NaCl solution in 3.5 wt.% NaCl
solution

increase of VN content. The results are consistent
with those obtained by hydrogen evolution and
mass loss results.

The corrosion rates obtained by different
methods given in Table 1 are plotted in Fig. 9.
Obviously, the three different test methods show
that the corrosion rate of the specimens increases
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Table 1 Hydrogen evolution rate (V4), hydrogen evolution corrosion rate (Py), mass loss rate (Am), corrosion current

density (Jeorr) and corresponding corrosion rate of AZ91-xVN alloys

Sam 1e VH/ PH/ Am/ p W/ Jcorr/ P, i/
p (mL-cm2-d™) (mm-a') (mg-ecm 2-d™") (mm-a') (LA‘cm?) (mm-a’l)
AZ91 3.10+0.12 7.06+0.28 1.20+0.05 2.52+0.11 188.245.4  4.30+0.12
AZ91-0.25VN 1.75+0.07 3.99+0.16 0.70+0.03 1.47+0.06 177.5£3.2 4.06+0.07
AZ91-0.5VN 5.25+0.23 11.96+0.53 2.40+0.10 5.03+0.21 210.7+£6.7 4.81+0.16
AZ91-1VN 9.10+0.37 20.74+0.83 9.00+0.39 18.88+0.82 367.4£8.9 8.40+0.21
= AZ0I
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Fig. 9 Corrosion rates of AZ91-xVN alloys by different , o vvw ~
methods 'g 107y~ - 140 E
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as the following order: AZ91-0.25VN, AZ91, = Lotk / 120 3
AZ91-0.5VN, AZ91-1VN alloys. In addition, i ALy =
variation amplitude of the corrosion rate (Pi) gt L} v AZ91-0.5VN
obtained from the polarization curves is 100 bt . L LA -20
substantially lower than the corrosion rate (P, Pw) 102 107" IOOF 10' 102/11103 10* 107
requency/Hz

assessed from hydrogen evolution and mass loss
rate. There are two possible reasons for the small
discrepancy in the corrosion rates measured by the
polarization curves [40]: (1) the polarization curve
lacks a sufficiently linear Tafel zone, and the
immersion time is short; (2) the Mg alloy corrosion
is localized rather than homogeneous, which does
not fully satisfy the conversion condition of Eq. (3).
SONG and ATRENS [41] demonstrated that such
deviations were possible.

Figure 10 presents the Nyquist and Bode plots
of the studied alloys. The Nyquist plots are
composed of a compressed capacitive loop at high
and medium frequencies with an inductive loop
at low frequencies (Fig. 10(a)). The compressed
capacitive loop is respectively related to the
corrosion product and the double-electric layer at
the high and medium frequencies, while the
induction loop at low frequency indicates pitting

Fig. 10 Nyquist (a) and Bode (b) plots of AZ91-xVN
alloys in 3.5 wt.% NaCl solution

corrosion and damage to the corrosion layer [42].
The radius of the capacitive loop of AZ91 alloy is
obviously lower than that of AZ91-0.25VN
alloy, but higher than that of AZ91-0.5VN
and AZ91-1VN alloys, suggesting the increasing
corrosion resistance of AZ91—0.25VN alloy. The
largest impedance exhibits in the Bode plot of the
AZ91-0.25VN alloy and the phase responses for
the AZ91-0.5VN and AZ91-1VN alloys are lower
than those of AZ91 and AZ91-0.25VN alloys
(Fig. 10(b)), indicating the highest corrosion
resistance of the AZ91-0.25VN alloy [43] and
the less coverage of the corrosion product on
the surfaces of AZ91-0.5VN and AZ91-1VN
alloys [44], respectively.
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The EIS fitting for the EIS results was carried
out using a three time-constant circuit with an
inductive element as shown in Fig. 11. In the
equivalent circuit, R; represents the resistance of
solution, Ry and QO represent the resistance and
capacitance of the corrosion products, R and Qa
represent the charge transfer resistance and double-
layer capacitance, respectively. L and Ry represent
the inductance and inductance impedance,
respectively. The fitting results are listed in Table 2
and presented in Fig. 12. Distinct inductances L are
observed for all alloys at low frequencies (Table 2),
indicating that the corrosion pitting dominated the
corrosion process of the alloys in the 3.5 wt.% NaCl
solution [42,45]. Obviously, Ry and R« of the
AZ91-0.25VN alloy are higher than those of AZ91
alloy, but those of AZ91-0.5VN and AZ91-1VN

—
=

R I\IIQ\I
%20
Ry

Fig. 11 Equivalent circuit for EIS fitting

Table 2 Electrochemical parameters extracted from
equivalent circuit of AZ91—xVN alloys

Alloy R/(Q-cm?)  Y¢/(Ss"-cm2) ng
AZ91 5.713 1.642x107° 0.9228
AZ91-0.25VN 4.802 1.579x107° 0.9158
AZ91-0.5VN 5.106 2.135x107° 0.8902
AZ91-1VN 5.358 2.246x107° 0.8879

Alloy Ri/(Q-cm?) Yq/(Ss"-cm?) ndl
AZ91 307.5 5.073x107* 0.7034
AZ91-0.25VN 374.0 3.486x107 0.6569
AZ91-0.5VN 172.7 1.141x1073 0.6530
AZ91-1VN 99.49 3.232x1073 0.4485

Alloy Ro/(Q-cm?)  RU/(Q-cm?) L/H
AZ91 166.2 6.634x1073 13.97
AZ91-0.25VN 207.9 6.439x1073 16.38
AZ91-0.5VN 90.14 9.700x10* 7.216
AZ91-1VN 89.71 3.443x1073 4.956

Yt and n¢ are the admittance and dispersion coefficient of Qr,
respectively; Ya and na are the admittance and dispersion
coefficient of Qa, respectively
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0.5VN 1VN

Fig. 12 Rr and R, of AZ91-xVN alloys immersed in
3.5 wt.% NaCl solution

alloys are less than the latter, indicating the better
corrosion resistance of the AZ91-0.25VN alloy.
The fact is consistent with the corrosion rate (Figs.
4 and 9) and the corrosion morphology (Fig. 5).
Besides, as shown in Fig. 12, Ry is always higher
than Ry for the same alloy in the 3.5 wt.% NaCl
solution, reflecting the positive role of the corrosion
product film in improving corrosion resistance.

4 Conclusions

(1) The microstructures of AZ91-xVN (x=0,
0.25, 0.5 and 1, wt.%) alloys are mainly composed
of a-Mg, f-Mgi7Al12, AIN and Al-Mn phases. The
average grain sizes of AZ91-xVN alloys firstly
decrease and then increase with the addition of VN,
and the smallest grain size of 54.52 ym appears in
the AZ91-0.25VN alloy.

(2) The corrosion resistance of the AZ91-
0.25VN alloy is better than that of the other alloys,
which shows the smallest hydrogen evolution
amount of 1.75 mL, the smallest mass loss rate of
0.70 mg/(cm?-d), the largest R of 207.9 Q-cm? and
the lowest Jeorr 0f 177.5 pA/cm?.

(3) The better corrosion resistance is attributed
to the smallest grain size, as the additional grain
boundaries can act as the corrosion barriers.
Meanwhile, the uniformly distributed and dense
protective corrosion products can protect the alloy
matrix from subsequent degradation. The corrosion
resistance gradually weakens with the further
increase of VN content, owing to the formation of
lamellar p-Mgi7Ali> phase, which has a higher
galvanic corrosion potential.
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