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Eftect of purification treatment on corrosion resistance of Mg-Gd-Y-Zr alloy

WANG lJie, YANG Yuan-sheng, TONG Wen-hui
Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China
Received 25 September 2010; accepted 20 December 2010

Abstract: Mg-Gd-Y-Zr alloys were purified by filtering purification with and without vacuum. The type, morphology, size
distribution and volume fraction of inclusion were analyzed with OM and SEM. The effect of inclusion in Mg-Gd-Y-Zr alloys on
anticorrosion ability was investigated with salt spray test and electrochemical test. The results show that the inclusions in the alloy
can be removed effectively by filtering purification. The average size of inclusions in the alloys is decreased from 12.7 pm to 2.0 um
and the volume fraction of inclusions is reduced from 0.30% to 0.04%. With the decrease of the size of inclusions in the alloys, the
corrosion rate of the alloys decreases dramatically from 38.8 g/(m*d) to 2.4 g/(m*d) in the salt spray test. The corrosion potential
increases while the corrosion current decreases and the polarization resistance increases in the electrochemical tests, which indicates

that the anticorrosion ability is improved.
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1 Introduction

In the past decades, magnesium alloys containing
heavy rare earth elements have shown great potential for
structural application in automotive, aircraft and
aerospace industries. Recently, many investigations have
been conducted concerning the microstructure and
mechanical properties of Mg-Gd-Y-Zr alloys due to their
higher specific strength and better creep resistance
compared with traditional commercial Mg-Al based
alloys[1-3]. However, during the smelting and casting
processing, magnesium and rare earth elements are prone
to oxidize rapidly, which results in the loss of rare earth
elements and the formation of inclusions[4—5]. These
inclusions generally deteriorate the continuity of the
magnesium matrix by forming the defects such as pores
and cracks, which are detrimental for the mechanical
properties and corrosion resistance of the alloys[6—7].
Several refining methods have been developed, including
traditional flux refining and fluxless refining, such as
inert gas, vacuum distillation refining and filtering
refining[8—12]. Traditional flux refining method is
considered one of the most effective ways to remove the
inclusions in magnesium alloys. However, MgCl, in the
flux is prone to react with the rare earth elements Gd and
Y, producing new flux inclusions and consuming Gd and

Y elements[13—14], which will deteriorate the
mechanical properties and resistance.
Therefore, it is necessary to seek effective purification
treatments to reduce or eliminate inclusions in the
Mg-Gd-Y-Zr alloys. According to the previous
research[15], filtering purification should be an effective
purification method to avoid the formation of new
inclusions and loss of rare earth elements. Furthermore,
under vacuum condition, this purification treatment has
more favorable effects on the purity of alloys. In addition,
filtering purification is more environment-friendly in
comparison with flux refining method.

In this work, a series of alloys containing inclusions
with different sizes were prepared by filtering
purification treatments. The effect of the filtering
purification was examined and evaluated, aiming to
further understand the relationship between the size of
inclusions and the corrosion behavior in the Mg-Gd-Y-Zr
alloys.

corrosion

2 Experimental

In the present study, the chemical compositions of
Mg-Gd-Y-Zr alloy studied were Gd12.07%, Y3.27%,
7r0.38%, Fe<0.001%, Cu0.001%, Ni <0.001% (mass
fraction) and Mg balance. The alloys were melted in an
electric resistance furnace at 750 °C under the protection
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of mixed 0.5% SFs and 99.5% CO, gas (volume fraction).

The melt was poured into a graphite mould through
stainless steel nets preheated to 720 °C. The dimension
of the ingot was d48 mm x 80 mm.

The dimensions of specimens for salt spray tests
were 25 mmx15 mmx4 mm. After being polished up to
2000 grit, the total surface area (S in cm?) and mass (M,
in g) of the specimens were measured. According to
ASTM B117[16], the corroded specimens were exposed
into the salt spray chamber. After 6 d(t), the corroded
specimens were cleaned in a solution of 15% Cr,O; +
1% AgNO; (volume fraction) in 500 mL water, and then
were rinsed by acetone and distilled water and dried. The
mass of the corroded specimen (M, in g) was measured
by an analytical balance. Then the mass loss (M in g)
and the corrosion rate (R in g/(m*d)) were calculated by
the following equations:

Mg = mMg—m, ()
R= my/(St) (2)
Electrochemical polarization experiments were

carried out using a Potentiostat/Galvanostat Model
2273A. The specimens were metallographically polished
prior to each experiment, followed by washing with
distilled water and acetone. The surface area that was
exposed to the solution was about 1 cm?. Polarization
tests were carried out in a corrosion cell containing
500 mL of 3.5% (mass fraction) NaCl solution, and a

standard three-electrode system was used with saturated
calomel electrode (SCE) as a reference electrode, a
platinum electrode as counter electrode and the sample
as working electrode. Specimens were immersed into the
test solution and a polarization scan was carried out at a
rate of 0.2 mV/s after a steady state potential was
achieved.

The morphology of nonmetallic inclusions in the
ingots was observed using optical microscope (OM). The
size and volume fraction of nonmetallic inclusions were
measured with the SISC-IAS image software. The
morphology of the corroded surface was characterized
using scanning electron microscope (SEM). The
composition of nonmetallic inclusions was analyzed by
energy dispersive spectroscope (EDS) attached to the
SEM.

3 Results and discussion

3.1 Purifying effectiveness

The main morphology of nonmetallic inclusions in
the alloy was clarified in previous work[15]. The
inclusions in the alloy without purification have irregular
shape and exist in the form of cluster. After the
purification treatment, the distribution of finer inclusions
got more dispersed. The composition of the main
inclusions was analyzed by EDS, as shown in Fig.1. The
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Fig.1 SEM images and EDS analyses of inclusions in Mg-Gd-Y-Zr alloy: (a), (b) Flux-inclusion; (c), (d) Oxide
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results show that non-metallic inclusions are mainly
composed of MgO, chlorides and oxides of Gd and Y.
The presence of MgCl, in inclusions, detected by EDS,
demonstrates the existence of flux-inclusions.

After purification treatments, some samples with
different inclusions content were analyzed, and the
statistical results of the average size and volume fraction
of inclusions in the alloys are shown in Fig.2. The
average size of the inclusions in the sample without
purification treatment is 12.7 um, and the average sizes
of the inclusions in purified samples are 6.1, 5.3, 4.7 and
3.2 um, respectively. When the alloy was prepared and
purified in vacuum, the average size of the inclusions in
the alloy decreases from 12.7 um to 2.0 pm and the
average volume fraction of inclusions is reduced from
0.30% to 0.04%. The results are improved under the
optimized condition, as shown in Fig.2, compared with
the average size (4.3 um) and volume fraction (0.1%).
Based on the results, it can be concluded that the
purifying effectiveness under the condition of vacuum is
better than that under the protective atmosphere.
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Fig.2 Relationship between average size and average volume
fraction of inclusions

Distribution of inclusions in the samples with
different inclusion contents is shown in Fig.3, which
shows that the distribution of nonmetallic inclusions in
different size ranges changes in a large range with
different inclusion contents. For the unpurified alloy, the
nonmetallic inclusions larger than 10 pum distribute
equably. The inclusion with size larger than 100 pm can
even been found in the unpurified alloy. When the
average size of inclusions is smaller than 10 pm, the size
distribution of nonmetallic inclusions is similar and the
frequency of inclusions smaller than 10 pm increases.
Under the vacuum condition, the frequency of inclusions
smaller than 10 pm reaches 96% and the frequency of
inclusions larger than 5 pm is reduced to 4%. Therefore,
the statistical consistent with the
metallography of the alloy[15], which confirms that the

results are
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Fig.3 Distribution of inclusions in alloys with different average

sizes of inclusions (d: average size of inclusions)

size of inclusions in the alloy can be reduced effectively
by purification.

3.2 Corrosion resistance

The morphological characteristics of the corroded
specimens in the salt spray test are shown in Fig.4. It can
be seen that deep corrosion pits are distributed on the
surface of specimens, which contains large inclusions.
The decrease of the average size of inclusions is effective
on the improvement of the corrosion resistance of the
alloy. The corrosion rates of the alloys containing
inclusions are shown in Fig.5. Under as-cast condition,
with the decrease of the average size and volume fraction
of inclusions, the corrosion resistance is improved. When
the average size and volume fraction of inclusions
decrease from 12.7 pm and 0.26% to 4.3 pm and 0.06%,
respectively, the corrosion rate of the alloy decreases
dramatically from 38.8 g/(m*d) to 2.5 g/(m*d). When
the average size and volume fraction of inclusions are
further decreased to 2.0 um and 0.04%, respectively, the
corrosion rate of the alloy prepared under the vacuum
condition decreases to 2.4 g/(m*-d), which is the lowest
corrosion rate. The deleterious effects of inclusions on
corrosion resistance of magnesium alloy can be
attributed to the formation of galvanic coupling between
the inclusions and magnesium matrix[17], which
accelerates the corrosion rate. The decreases of
inclusions improve the corrosion resistance of the alloy
by reducing the cathode areas. Therefore, the alloys with

purification treatment exhibit excellent corrosion
resistance.
The potentiodynamic polarization curves of

Mg-Gd-Y-Zr alloy are shown in Fig.6. The polarization
curves reveal that the impact of inclusion size is
significant in the cathode kinetics towards decreased
rates. The cathode part of the curve exhibits that the
cathode currents decrease with the decrease of the
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Fig.4 Corrosion morphologies of Mg-Gd-Y-Zr alloys with different average sizes of inclusions: (a) d=12.7 um; (b) d=6.1 pum;

(c¢) d=5.3 um; (d) d=2.0 um
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Fig.5 Effect of average size of inclusions on corrosion rate of
Mg-Gd-Y-Zr alloy
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Fig.6 Polarization curves of Mg-Gd-Y-Zr alloys with different

average sizes of inclusions

average size of inclusions in the alloy while the corrosion
rate decreases. From anodic side, the polarization curves
of the alloys containing smaller inclusions exhibit a
plateau. The plateau is limited by the breakdown
potential (E,), which corresponds to the crack of the
protective film formed on the specimen. When the
average size of inclusions in the alloys is smaller than
12.7 pm, the breakdown potential is about —1.64 V.
However, the alloy with the average size of 12.7 um
does not possess plateau, exhibiting poor corrosion
behavior. For the alloys containing inclusions with
average size smaller than 12.7 um, the current densities
at the breakdown potential are listed in Table 1, and the
results show that the anodic current densities increase
with the increase of average size of inclusions. When the
average size of inclusion reduces to 2 yum, the current
density decreases to the lowest value (20 pA/cm?). All
the differences are caused by the different inclusion

Table 1 Relationship between average size of inclusions and
anodic current density

Average size of inclusion/ Anodic current density/

um (uA-cm?)
6.1 280
53 150
47 130
32 70
2.0 20
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contents in the alloy by purification treatments. This
modification in the polarization curve is well pronounced
and reveals rather clearly the ability of purification
treatment to impact electrochemical kinetics.

The relationship between polarization resistance and
average size of inclusions in Mg-Gd-Y-Zr alloys is
shown in Fig.7. The value of slope at corrosion potential
represents the polarization resistance. Generally, the
corrosion rate will decrease with increasing polarization
resistance[18]. As shown in Fig.7, the polarization
resistance of the alloys is enhanced as the average size of
inclusions decreases. When the size of inclusions is less
than 12.7 pm, the polarization resistance will increase
remarkably. However, when the size of inclusions is
reduced to below 4.0 pum, the polarization resistance
tends to a constant value. The results indicate that there
exists a critical average size of the inclusions to influence
the polarization resistance, which is in accordance with
the result of the salt spray test. Purification treatment can
obtain apparent improvement in corrosion resistance.
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Fig.7 Effect of average size and volume fraction of inclusions

on polarization resistance
4 Conclusions

1) Purification treatments can improve the purity of
Mg-Gd-Y-Zr alloy. The method cannot only remove the
large inclusions effectively but improve the distribution
of the finer inclusions in the alloy. Under vacuum
condition, the average size and volume fraction of the
inclusions decrease to 2.0 um and 0.04%, respectively.

2) The corrosion rate of the alloy with purification
treatment is decreased from 38.8 g/(m*d) to 2.4 g/(m*d)
with the decrease of the average size of inclusions from
12.7 um to 2.0 pum. The polarization resistance increases
with decreasing the average size of inclusions in
electrochemical tests, which indicates that anticorrosion
ability is improved.
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LA IE X Mg-Gd-Y-Zr 5 & it 4B 220
I A, WA, EIF

HRERERE & EBTFUI, YRR 110016

# OE: ARSI Mg-Gd-Y-Zr S8 AT I IE AL BE . AT OM AT SEM J5E 70 Hr & G K 2%
WIRIRISE . TE3. RO o A AR R 2 R 4655 S 300 Fp AL 2 R 78 Mg-Gd-Y-Zr B85 B SRS 5 <Gl
PRI . S9N RS AR BT LI RO L R G e Y AR, S RSP R
SEAC12.7 pm BN F 2.0 pm,  SRAYISFIARTR UM 0.30% K H] 0.04%;  FEE A4 A RAF R, B
Z B S T A A A kRN 38.8 g/(md) IR E] 2.4 g/(m*d); FERAGSESI P, B A R, R AL
FHTFR, Mg-Gd-Y-Zr BE S A 2 7 52
REEIR: Mg-Gd-Y-Zr Beia s Wukisl; Jeot; JRiodR, Wbz Hefbrkd
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