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Abstract

The aim of the present study was to investigate the effect of
AlyCa added Mg addition on the oxidation behavior of Al-5Mg
alloy in the liquid state with TGA and melt oxidation test. Results
of TG analysis showed that while the weight gain of Al-5Mg was
10%, Al,Ca added Al-5Mg had the weight gain to 0.01%.
Comparison between the surface and cross sectional appearance
showed that there were a large number of pores and oxide clusters
in Al-5Mg alloy, while pore was not observed in Al,Ca added Al-
5Mg alloy. SEM and EDS studies revealed that the formation of
pores in Al-5Mg alloy was mainly due to the transformation of
MgO to MgAl,O, as the holding time was extended. In the case of
AlyCa added Al-5Mg alloys, the existence of MgAl,O, was not
observed. On the other hand, MgO/CaO mixed layer existed and
would act as a protective layer.

Introduction

The application of Al-Mg alloys has been extended in
aerospace and automotive industries because of their light weight
(low density), outstanding corrosion resistance, weldability and
mechanical properties [1-3].

However, this alloy system shows poor oxidation resistance at
high temperature. When Al-Mg alloy exposes to an ambient
atmosphere at temperature above 350 °C, a dense, protective oxide
layer covering the initial alloy surface is degraded rapidly and less
protective oxide film is formed, consisting MgO and MgAl,O4 [4-
7]. Especially, as molten state, the Al-Mg alloy has a fatal
problem in process. Adding a large amount of Mg causes the
formation of dross during melting process. The existence of dross
degrades not only fluidity of the melt but also the mechanical
properties and machinability of the final product. Its formation
also reduces the Mg content in the melt because it mainly consists
of Mg-oxide[8, 9]. To prevent the formation of such an oxide
scale, sulfur dioxide (SO,) is used commercially. Except for that,
Be addition is a considerable way to improve the oxidation
resistance of molten Al-Mg alloys, but limited due to its toxicity
[9-13].

In an earlier study, it was reported that the oxidation resistance
of the molten Al-Mg alloy was improved by the addition of Mg in
the form of the master alloy including Al,Ca [14, 15].

This paper is focused on an approach to effect of Al,Ca
existence on melting process. In the present study, oxidation
behavior of Al,Ca added Al-5Mg alloy was investigated and
compared with that of Al,Ca-free.

Experimental procedure

In this study, two Mg additives were examined: one is a pure
Mg and another one is a Mg alloy including Al,Ca. The alloys
were melted by an electric resistance furnace at 750 °C and
poured into the mold in the size of @52x270mm. The sample for
melt oxidation test was machined in the form of a billet with the
size of ¥#24x30mm. The machined samples were cleaned with
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ethyl alcohol and pickled with 5% Nital. And then, the samples
were put into alumina crucible and melted in electric resistance
furnace at 720 °C under an ambient atmosphere. After holding
for 0~6hr, they were air-cooled. TGA (thermogravimetric
analysis) was carried out to measure weight gain with holding
time. The surface of the samples after the melt oxidation test was
analyzed with SEM-EDS.

Table 1 shows the chemical compositions of as-cast ingots by
ICP analysis. As can be seen in Table I, Al,Ca added Al-5Mg
alloy has about 0.03wt.%Ca. The experimental conditions for the
TGA analysis and melt oxidation test are given in Table II.

Table I. Chemical compositions of the alloys

Al Mg Ca
Al-5Mg 94.96 4.91 -
Al,Ca added
Al-SMg 94.93 4.88 0.03

Table I1. Experimental conditions for oxidation test

Thermogravimetric | Electric resistance
analysis furnace
Holding temp. 720°C
Holding time 0~6hr
Atmosphere Dry air Air
Crucible Alumina
Specimen size 2x2x1 [mm] 324x30mm

Results and Discussion

Figure 1 shows the melt surface of two examined alloys during
the melting process in the electric resistance furnace: (a) surface
after adding pure Mg into molten pure Al and (b) surface after
adding Al,Ca added Mg into molten pure Al, respectively. From
the Figure 1(a), it was confirmed that the oxide clusters were
formed after the ignition and oxidation with the Mg addition. On
the other hand, in the case of Al,Ca added Al-5Mg alloy, clean
melt surface was shown, indicating that the thin dense oxide layer
was formed on the surface. From this, it is considered that the
melt protection effect shown in Al,Ca added Al-5Mg alloy can
not only lead to improvement of melt soundness and mechanical
properties of the final product but also, have a good effect on the
alloy recycling.

For Al-Mg alloy with large amount of Mg content, generally,
protective gas such as SO, and Be addition are considered to




protect melt [4-7]. However, the melting process without the use
of protective gas and Be addition would be possible through the
Al,Ca addition.
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Figure 1. Melt surface of (a) Al-5Mg and
(b) Al,Ca added Al-5Mg alloys.
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Figure 2. TGA results of Al-5Mg and Al,Ca added Al-5Mg
alloys.

Figure 2 shows the TGA result of two examined alloys at
720°C under a dry air ambient atmosphere for 6hr. Al-5Mg alloy
showed the rapid weight gain, following the parabolic rate law.
On the other hand, in the case of Al,Ca added Al-5Mg alloy, there
was no visible weight change, indicating the oxidation resistance
was improved.

The photograph for the riser and cross section of the specimens
after melt oxidation test are shown in Figure 3 and 4. For the riser
part, the alloys showed no significant change as the holding time
was extended.

However, in the cross section, Al-5Mg alloy had oxide
inclusions at 3 and 6hr, while the Al,Ca added Al-5Mg alloy
showed no defect through all the holding time. The formation of
these inclusions in the Al-5Mg alloy would be attributed to the
adulteration with oxide clusters formed during the Mg addition.

Al-5Mg Al,Ca added Al-SMg
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Figure 3. Risers of (a-d) as-cast Al-5SMg
and (e-h) Al,Ca added Al-5Mg alloys for each holding time.

Al-5Mg Al Ca added Al-5Mg

Figure 4. Cross sections of (a-d) as-cast Al-5Mg
and (e-h) Al,Ca added Al-5Mg alloys for each holding time.

Figure 5 shows the results of the mapping by SEM-EDS for Al-
5Mg alloy. As shown in Figure 5(a), it can be confirmed that an
oxide layer regarded as MgO is formed on the surface at Ohr.
After the holding for 6hr, Mg-Al based oxide scale are shown and
considered as MgAl, Oy, observed generally on the surface of Al-
Mg based alloys [5, 8, 9].

AlyO3 and MgO oxide layers are formed on the surface of Al-
Mg based alloy during melting and form spinel MgAl,O4 phase
with changing variables such as time and temperature [17].

Figure 6 shows the results of the mapping by SEM-EDS for
Al,Ca added Al-5Mg alloy. In the case of Ohr, there exists the
MgO layer on the surface, similar to that of Al-5Mg alloy, shown
in Figure 6(a). After the holding for 6hr, differently with that of
Al-5Mg alloy, the existence of MgAl,O, was not observed.

On the other hand, the oxide layer on the surface appeared to
consist of MgO and CaO (see Figure 6(b)). Such an improvement
of the oxidation resistance in Al,Ca added Al-5Mg alloy would be
attributed to the formation of dense MgO/CaO mixed layer [2, 23-
24].

(a) Ohr
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(b) 6hr

Figure 5. SEM-EDS mapping results of Al-5Mg alloy for each
holding time.

(a) 0Ohr

SE image

Y SRy

MgO+Ca0

(b) 6hr

Figure 6. SEM-EDS mapping results of Al,Ca added Al-5Mg
alloy for each holding time.

325



Conclusion

In the present study, the oxidation behavior of Al-5Mg and
Al,Ca added Al-5Mg alloys was evaluated in molten state.

Results of TG analysis showed that while the weight gain of
Al-5Mg was 10%, Al,Ca added Al-Mg had the weight gain to
0.01%. Comparison between the riser and cross sectional
appearance showed that there were a large number of pores and
oxide clusters in Al-5Mg alloy, while pore was not observed in
Al,Ca added Al-5Mg alloy.

SEM and EDS studies revealed that the formation of pores in
Al-5Mg alloy was mainly due to the transformation of MgO to
MgAl,O, as the holding time was extended. In the case of Al,Ca

added Al-5Mg alloys, the existence of MgAl,O, was not observed.

On the other hand, MgO/CaO mixed layer existed and would act
as a protective layer.
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