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Effect of purification treatment on properties of Mg-Gd-Y-Zr alloy
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Abstract: Mg-Gd-Y-Zr alloy was purified by the method of filtering purification. The type, morphology, size distribution and
volume fraction of inclusions in the alloy were analyzed using optical microscope and scanning electron microscope, and the effects
of the inclusions on the mechanical and corrosion properties of the alloy were investigated. The results indicate that the filtering
purification method is effective to remove inclusions in the alloy. By the filtering purification method, the average size of inclusions
in the alloy reduces from 12.7 um to 4.3 um and the average volume fraction of inclusions in the alloy reduces from 0.26% to 0.06%.
The ultimate tensile strength, yield strength and elongation of the alloy are improved from 200 MPa, 156 MPa and 3.4% to 232 MPa,
167 MPa and 7.0%, respectively. The corrosion rate of the alloy decreases dramatically from 38.8g/(m?d) to 2.5 g/(m?-d) in the salt

spray test.
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1 Introduction

The magnesium alloys containing heavy rare earth
elements have great application prospects in automotive,
aircraft and aerospace industries for their high strength.
In recent years, much effort has been devoted to develop
Mg-Gd-Y-Zr alloys that are found to exhibit higher
specific strength at both room and elevated temperatures
and better creep resistance than other commercial Mg
alloys[1]. However, due to their high chemical activities,
magnesium and rare earth elements tend to oxidize
rapidly during the process of smelting and casting, which
results in burning loss of rare earth elements and
formation of inclusions[2—3]. The inclusions destroy the
continuity of the magnesium matrix, induce the defects
such as pores and cracks, and impair the mechanical and
corrosion properties of the alloy[4—5]. To reduce
inclusions in magnesium alloys, several refining methods
have been developed, including traditional flux refining
and fluxless refining, such as inert gas, vacuum
distillation refining and filtering refining[6—10].
Traditional flux refining is considered one of the most
effective methods to remove the inclusions in
magnesium alloys. However, MgCl, in the flux is easy to
react with the rare earth elements Gd and Y in

magnesium alloys, which results in the loss of Gd and
Y[11-12]. Meanwhile, the new flux inclusions are
introduced into the alloy by using the flux, which results
in bad corrosion behavior. Filtering is an efficient
purification method and can remove not only large but
also small inclusions in magnesium alloys effectively. It
is propitious to magnesium alloys containing heavy rare
earth elements because there is no loss of rare earth
elements caused by flux. In addition, the filtration
method is not detrimental to the environment and it will
not introduce new inclusions into the alloy. Meanwhile,
the refining process is supposed to be more economical
than other processes.

In this study, a kind of Mg-Gd-Y-Zr alloy is purified
by the method of filtering purification. In order to
achieve high refining efficiency, stainless steel nets are
introduced to filtering purification process. The
effectiveness of the filtering purification is investigated
and evaluated. Moreover, the mechanical and corrosion
properties of the purified Mg-Gd-Y-Zr alloy are tested.

2 Experimental
2.1 Materials

The chemical composition (mass fraction, %) of the
Mg-Gd-Y-Zr alloy used in the experiment was Gd 12.07,
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Y 3.27, Zr 0.38, Fe <0.001, Cu 0.001, Ni <0.001, and
balance Mg.

2.2 Smelting and refining

The alloy was melted in a 4 kW electric resistance
furnace under the protection of a mixed gas consisting of
SF¢ (0.5%, volume fraction) and CO, (99.5%, volume
fraction). Before melting, the alloys and tools used in the
experiments were heated to 200 °C in a baking oven in
order to eliminate water. The melt was poured into a
graphite mould through the preheated stainless steel nets
at pouring temperature of 600 °C. The size of the ingot
was d 48 mm=80 mm.

2.3 Mechanical properties test

Tensile specimens were taken from the ingots along
the longitudinal direction. The ambient temperature
tensile tests were carried out by a AG-100KNG materials
testing machine at a crosshead speed of 1 mm/min. Three
specimens under the same conditions were tested and
the final values were obtained in terms of their average
value.

2.4 Salt spray test

The salt spray tests, according to ASTM B117[13],
were made to determine the corrosion performance of the
samples. The size of specimens for salt spray tests was
25 mmx15 mmx4 mm. The specimens were polished on
finer grades of emery papers up to 2 000 grit and then
were cleaned with ethanol and acetone and dried. After
that, the total surface area (S) and mass (mg) of the
specimens were measured. The specimens were put into
the salt spray chamber at 35 . After six days, the
specimens were taken out and cleaned in a solution of
15% Cr05+1% AgNOj; in 500 mL of water in boiling
condition for 5 min. Following that, the specimens were
rinsed by acetone and distilled water and dried. The mass
of the corroded specimen (m.) was measured by an
analytical balance. Then, the mass loss (m;) and the
corrosion rate (R) were calculated by the following
equations:

my=nig—m; (D

R=m/(S"P) (2)
where ¢ is the immersion time.
2.5 Morphology observation and
determination
The morphologies of inclusions in the ingots were
observed with optical microscope (OM) on the
cross-section. Statistical size and volume fraction of
inclusions in metallographic specimens were measured
by the SISC-IAS image software. Morphology of the
corroded surface and fractographs of the tensile samples

composition

were characterized using scanning electron microscope
(SEM). The composition of inclusions was analyzed with
energy dispersive spectroscope (EDS) attached to the
SEM.

3 Results and discussion

3.1 Morphology and content of inclusions

The morphologies of inclusions in Mg-Gd-Y-Zr
alloy with and without purification treatments are shown
in Fig.1. The inclusions in the unpurified specimen are
irregular and in cluster. After the purification treatments,
the size of inclusions in the purified alloy decreases
gradually compared with that in the unpurified alloy. The
size and quantity of inclusions in the alloy decrease with
the decrease of the filter pore size. When the filter pore
size decreases from 425 pm to 150 pm, the cluster of
inclusions disappears and finer inclusions exist in the
alloy. The bigger inclusions are removed and the finer
inclusions distribute evenly in the alloy.

(a)

100 pm

Fig.1 Morphologies of inclusions in Mg-Gd-Y-Zr alloy: (a)
Without filtration; (b) With filtration (filter pore size of 150
pm)

The average size and volume fraction of inclusions
in the alloy by different purification treatments are
shown in Fig.2. It reveals that the average size and
volume fraction decrease with the decrease of filter pore
size. The average size decreases from 12.7 pm to 4.3 um
and the volume fraction from 0.26% to 0.06%, when the
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Fig.2 Effect of different filtering purification treatments on
inclusion size and volume fraction

filter pore size reduces from 425 um to 150 um. The
statistical results are consistent with the metallography
results of the alloy, which indicates that the alloy is
purified effectively by filtering.

3.2 Mechanical properties

Fig.3 shows the effect of purification treatment on
mechanical properties of the alloy. Compared with the
unpurified specimens, the ultimate tensile strength (ay),
yield strength () and elongation (J) of the alloy with
purification treatments in as-cast state are improved with
the decrease of the average size and volume fraction of
inclusions in the alloy. When the average size and
volume fraction of inclusions decrease from 12.7 um and
0.26% to 4.3 um and 0.06%, the oy, 0y, and ¢ of the alloy
are enhanced from 200 MPa, 156 MPa and 3.4% to 232
MPa, 167 MPa and 7.0% by 16.5%, 6.7% and 105.9%,
respectively. With the decrease of the average size and
volume fraction of inclusions, oy, and J are increased
gradually, but after increasing to 167 MPa, ¢y, is not
influenced by the average size and volume fraction of
inclusions effectively.

The fracture surfaces of the specimens in as-cast
condition after tensile tests are shown in Fig.4. It can be
seen that the fracture pattern has not been changed by
filtering process. The fracture is still cleavage crack. It is
found that there is an inclusion of about 20 pm entrapped
in a pore on the fracture surface of the unpurified
specimen (Fig.4(a)). The EDS analysis for the inclusion
is given in Fig.5, which shows the inclusion is a typical
flux inclusion, because the compositions include a lot of
Cl, K and Ca. The inclusions entrapped in the matrix
provide a notch effect during the tensile test, so they
become fracture origin, which is the crucial factor
affecting the fracture behavior[5, 14]. The size and
distribution of the inclusions affect the tensile properties
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Fig.3 Effect of average size and volume fraction of inclusions
on mechanical properties of alloy: (a) Ultimate tensile strength;
(b) Yield strength; (c) Elongation

of the alloy[15]. The difference is that more inclusions
exist in small and deep pores for specimens before
purification than those for specimens after purification.

3.3 Corrosion resistance
Fig.6 shows the morphological characteristics of the
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Fig.4 Fractographs of tensile samples of Mg-Gd-Y-Zr alloy in
as-cast states: (a) Without filtration; (b) With filtration (filter
pore size of 150 pm)
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Fig.5 EDS analysis result of inclusion

corroded specimens after the salt spray test for 6 d. Deep
corrosion pits are distributed on the surface of specimens,
except for the ones purified with filtering. The corrosion
rates of the alloy treated with different purification
processes are shown in Fig.7. After the purification
process with filter pore size of 450 um, the average size
and volume fraction of inclusions in the alloy decrease
from 12.7 pm and 0.26% to 6.1 um and 0.22%, and the
corrosion rate decreases dramatically from 38.8 g/(m*d)
to 4.5 g/(m*d). The corrosion property of the alloy is
improved effectively by the purification. When the
average size and volume fraction of inclusions continue

Fig.6 Surface morphologies of magnesium alloys after salt
spray test: (a) Without filtration; (b) With filtration (filter pore
size of 150 um)
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Fig.7 Effect of different purification treatments on corrosion
rates of Mg-Gd-Y-Zr alloy

to decrease to 4.3 pm and 0.06%, the corrosion rate of
the alloy decreases to 2.5g/(m>d) gradually. The
deleterious effects of inclusions on corrosion resistance
of magnesium alloys can be attributed to the formation of
galvanic coupling between the inclusions and
magnesium matrix[16], which accelerates the corrosion
rate. The specimens purified by filtering exhibit excellent
corrosion resistance, because the decrease of inclusion
amounts in the alloy reduces the cathode areas and
improves the corrosion resistance of the alloy.
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4 Conclusions

1) The filtering method is an effective method to
purify the Mg-Gd-Y-Zr alloy. By this method, not only
the inclusions are removed but also the distribution of the
left finer inclusions is improved in the alloy.

2) The mechanical properties of the Mg-Gd-Y-Zr
alloy are greatly improved by the purification treatment.
The ultimate tensile strength, yield strength and
elongation of the cast Mg-Gd-Y-Zr alloy reach 232 MPa,
167 MPa, and 7.0%, respectively.

3) The corrosion rate of the purified cast
Mg-Gd-Y-Zr alloy decreases from 38.8 g/(m*d) to 2.5
g/(m*d).
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