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ABSTRAC

Purpose: The automotive use of magnesium is currently restricted to low-temperature structural components. Rare
earth additions such as Ce, Nd, La and Pr are known to improve the creep performance. The aim of the research was
to determine the effect of pouring temperature on the as-cast microstructure of AE42 magnesium alloy.
Design/methodology/approach: The study was conducted on Mg-4Al-2RE (AE42) alloy after cast in
different conditions. The microstructure was characterized by optical microscopy (Olympus GX-70) and a
scanning electron microscopy (Hitachi S3400) equipped with an X-radiation detector EDS (VOYAGER of
NORAN INSTRUMENTS). The phase composition of these alloys was identified by X-ray diffraction (JDX-75).
A program for image analysis “MET-ILO” was used for determination of area fraction of intermetallic phases.
Findings: The microstructure of AE42 alloy consists of a-Mg solid solution with divorced eutectic Mg;7Al;, +
a-Mg, Al;{RE; and AIgRREMny. Pouring temperature has an influence on the fluidity and microstructure.
Research limitations/implications: The future research will contain creep tests and microstructural
investigations of cast and die-cast alloys using TEM microscopy.

Practical implications: Results of investigation may be useful for preparation of sand casting technology of
the Mg-Al-RE alloys.

Originality/value: This paper includes the results of microstructural investigations and effects of pouring

temperature on the fluidity of AE42 magnesium alloy for gravity casting technology.
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| MATERIAL:
1. Introduction

Magnesium alloys with their weight advantage have unique
application opportunities in the automotive industry [1-4]. Typical
microstructure of Mg-Al alloys is composed of o-Mg matrix,
Mg,;Al}, precipitations and small volume of AlgMns phase.
However, their applications are restricted when the temperature
surpasses 120 °C, due to instability of B-Mg;;Al;, phase [2-5]. A
casting alloy that was developed for high temperature applications
is AE42 (Mg-4Al-2RE). Aluminum is added to improve
castability and room temperature mechanical properties and RE
for creep resistance. However, the properties of AE42 deteriorate

rapidly when the temperature is above 150 °C [6]. At this
temperature a partial decomposition of Al;;RE3 had been reported
[7-8]. This leads to the emerging of 3 phase, which is attributed to
the deterioration of creep resistance. Therefore a limitation to the
use of AE42 magnesium alloys at high temperature still remains.
The increasing of RE content can cause the improvement of creep
resistance [7]. With an increasing RE/AI ratio, ALLRE phase
gradually becomes more dominant phase in relation to Al;;RE;. A
higher RE content than that of AE42, possibly producing ALLRE
phase during solidification, this unwanted phase transformation
may no longer occur [8-15]. Present study has focused on the
effect of pouring temperature on the microstructure and fluidity of
AEA42 alloy.
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2. Experiment

Sand casts of AE42 alloy with the chemical composition 4Al-
0.5Mn-2RE-0.05Si were investigated. The rare earth additions
were made as mischmetal with the approximate compositions:
50Ce-25La-20Nd-3Pr.

Fluidity has been investigated by determination of the flow
length with a mould featuring a spiral shaped cavity. The shape of
fluidity spiral is shown in Fig.1. Casting in sand moulds has been
done at different melt temperature from 695°C up to 755 °C.

Fig. 1. Drawing of spiral sample to investigate the fluidity

Specimens for microstructural studies were mechanically
polished using standard methods and etched with 5% acetic acid.
The microstructure was characterized by optical microscopy
(Olympus GX-70) and a scanning electron microscopy (Hitachi
S3400) equipped with an EDS detector (VOYAGER of NORAN
INSTRUMENTS). EDS analysis was performed with an
accelerating voltage of 15 keV. The phase identification of these
alloys was conducted by X-ray diffraction (JDX-75) using Cu Ko
radiation. A program for image analysis “MET-ILO” was used for
determination of the area fraction of intermetallic phases.

3. Results and discussion

3.1. Microstructure of sand cast AE42 alloy

Microstructures of AE42 alloy under optical microscope are
showed in Fig. 2. There were observed the a-Mg matrix, divorced
eutectic and few kinds of precipitations. Moreover, in the vicinity
of an eutectic, the matrix is etched more than in central part of the
grain. It suggests the segregation of chemical composition inside
of the grains. The XRD pattern of AE42 indicates that this alloy is
mainly composed of a-Mg phase and Mg;;Al;, phase (Fig. 3).
The intensities of a-Mg peaks are not proportional to the data
from JCPDS standard, indicating the absence random distribution
of grain orientations. The other diffraction lines were identified as
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ALRREMn, and Al;RE3, however the intensity of these reflections
is low and their identification must be confirmed by others
methods (e.g. TEM).

Fig. 2. LM microstructure of as-cast AE42 alloy after sand casting at 735 °C
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Fig. 3. X-ray diffraction pattern of AE42 alloy

Further SEM observation indicates divorced eutectic
characteristic (0-Mg+Mg;;Al;), as one may notice in Fig. 4
(point A). Additionally, the lamellar precipitates of Mg;;Al,, are
present mostly in the 0-Mg regions, near the eutectic phase, hence
these regions have higher aluminum content (point B). The
aluminum content (point C, Tab. 1) in solid solution a-Mg is
higher than its maximal solubility at ambient temperature. In
regions of matrix near to eutectic, which do not contain lamellar
Mg;Al;, phase (point D), the aluminum concentration is much
higher than in the centres of the dendrites.
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Fig. 5. SE image of AE42 alloy after casting at 735 °C

Table 1.
Element distribution in different areas of AE42 as-cast structure
from Fig. 4 and 5 (at.%)

Point Mg-K AI-KK Ce-L La-L Nd-L MnK
A 66.3 33.7 - - - -
B 86.5 13.5 -
C 98.4 1.6 - - - -
D 90.2 9.8
E 5.6 57.3 33 - 0.9 329
F 10.9 73.2 4.8 10.2 0.9 -

Moreover, EDS analysis reveals that the microstructure
contains irregular Mn-rich phase, which can correspond to
AlRREMny, and needle shaped RE-rich phases — Al;;RE; (points
E and F respectively, Fig. 5, Tab. 1). Precipitates of AlgREMn,
are present in grains of solid solution, whereas particles of
Al RE; are found in center of grains and eutectic regions.

3.2. Influence of pouring temperature
on the fluidity

Figures 6 and 7 show the influence of pouring temperature on
the fluidity of AE42 alloy. When pouring temperature is at
755 °C, the fluidity length of AE42 alloy is 0.44 m and decreases
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to 0.21 m only at 695 °C. The filling length increases slowly
when the casting temperature increases from 695 °C to 715 °C,
but increases rapidly when the pouring temperature is higher than
715 °C. If the casting temperature increases from 735 °C to
755 °C, the rate of fluidity growth is lower again.
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Fig. 6. The influence of casting temperature on the fluidity length

a) b)
Fig. 7. Spiral cast of AE42 alloy poured at the temperature of
695°C (a) and 795°C (b)

Generally, a better fluidity in higher temperature is connected
with the decreasing viscosity and surface tension of molten metal
with the increasing of pouring temperature, which leads to the
increasing filling speed. At the same time, the heat capacity of
molten magnesium alloy rises with increasing temperature of the
pouring, what results in the increase of filling time. On the other
hand, the oxidation liability of magnesium alloy increases with
the pouring temperature rise, what increases the viscosity and
decreases the filling speed [13]. Therefore, growth rate of fluidity
above 735 °C is lower than between 695 °C and 735 °C.

3.3. The influence of pouring temperature
on the microstructure

Microstructures of AE42 alloy after casting to sand mould are
shown in Fig. 8. Generally, phase composition of alloy is the same after
casting at different temperatures. Table 2 shows, the variation of the
intermetallic phases fraction as a function of pouring temperature and
associated standard deviation. One can see in the Table 2, that the area
fraction of divorced eutectic increases slightly with the increase of the
pouring temperature within the range studied here. Higher pouring
temperature results in higher eutectic starting temperature and in
decrease of the undercooling for eutectic reaction. It leads to higher
concentration of eutectic during casting from higher temperature.



a) ' b)

Fig. 8. Microstructure after casting at 735 °C (a) and at 695 °C
(b). Specimens were slightly etched in glycol without revealed of
supersaturation regions

Table 2.
The area fraction of intermetallic compounds after casting from
different temperatures

Temperature, °C

Phase Unit

695 715 735 755
Mg;;Al;, o 1.98 2.13 2,92 3,14
eutectic 0 +0.33  +029  +026  +0.21
Discontinuou o 0.78 0.82 0.99 1.09
s Mg,Al, ¢ £0.16  £0.19  £0.11  =0.10

0.68 0.74 0.72 0.73
+0.12 +0.11 +0.15 +0.10

0.82 0.83 0.85 0.79
+0.18 +0.09 +0.11 +0.12

Inclusions 0.52 0.70 0.83 0.96
with Si and O +0.29  +0.21 +0.16  +0.11

Al RE; %

ALREMn, %

However this interpretation is not unequivocal and will be object
further examinations. The area fraction of discontinuous Mg;;Al}; rises
with the increasing of the casting temperature. The inclusion
concentration containing oxide and silicon increase due to higher
reactivity of molten metal and mould. In case of Al;;RE; and
AlgREMn, the relationship between temperature and area fraction was
not observed. Moreover, in specimens poured at lower temperature
more of non-uniform structure was observed than in case of pouring at
higher temperature. More detailed analysis of the influence of pouring
temperature on the volume fraction, grain size, chemical composition of
solid solution and precipitates will be published later.

4. Conclusions

Based on the research results obtained, it has been found that:

(1) The as-cast microstructure of sand cast AE42 alloy is mainly
composed of a-Mg matrix and Mg;;Al,. Additionally the
presence of Al;;RE; and AIRREMn, was found.

(2) The increase of pouring temperature results in the increase of
the fluidity.

(3) The decrease of pouring temperature results in the decrease of
divorced eutectic, discontinuous precipitates of Mg;;Al;, and
inclusions area fraction.

(4) The change of pouring temperature has no influence on the
Al;1RE; and AIsgREMn, area fraction.

Acknowledgements

The present work was supported by the Polish Ministry of
Education and Science under the research project No PBZ-KBN-
114/T08/2004.

References

[11 B.L. Mordike, Development of highly creep resistant magnesium
alloys, Journal of Materials Processing Technology 117 (2001)
391-394.

[2] T. Rzychon, A. Kietbus, The influence of wall thickness on
the microstructure of HPDC AE44 alloy, Archives of
Material Science and Engineering 28/8 (2007) 471-474.

[3] H. Friedrich, S. Schumann, Research for a “new age of
magnesium” in the automotive industry, Journal of Materials
Processing Technology 117 (2001) 276-281.

[4] A. Kielbus, T. Rzychon, R. Cibis, Microstructure of AM50
die casting magnesium alloy, Journal of Achievements in
Materials and Manufacturing Engineering 18 (2006) 135-138.

[5] L.A. Dobrzanski, T. Tanski, L. Cizek, Influence of Al addition
on structure of magnesium casting alloys, Journal of
Achievements in Materials and Manufacturing Engineering 19
(2006) 49-55.

[6] M.O. Pekguleryuz, E. Baril, Creep resistant magnesium
diecasting alloys based on alkaline earth elements, Materials
Transactions 42/7 (2001) 1258-1267.

[7] Y.L, Q. Wang, X. Zeng, W. Ding, C. Zhai, Y. Zhu, Effects
of rare earths on the microstructure, properties and fracture
behavior of Mg-Al alloys, Materials Science and
Engineering A278 (2000) 66-76.

[8] B.R. Powell, V. Rezhets, M.P. Balogh, R.A. Waldo, Micro-
structure and Creep Behavior in AE42 Magnesium Die-
Casting Alloy, Journal of Metals, August (2002) 34-38.

[9] T. Rzychon, J. Michalska, A. Kietbus, Corrosion resistance
of Mg-RE-Zr alloys, Journal of Achievements in Materials
and Manufacturing Engineering 21/1 (2007) 51-54.

[10] P. Bakke, H. Westengen, The role of rare earth elements in
structure and property control of magnesium die casting
alloys, TMS, Magnesium Technology (2005) 291-296.

[11] T.Rzychon, A.Kielbus, G. Dercz, Structural and quantitative
analysis of die cast AE44 magnesium alloy, Journal of
Achievements in Materials and Manufacturing Engineering
22/2 (2007) 43-46.

[12] L.Y. Wei, G.L. Dunlop, H. Westengen, Development of
microstructure in cast Mg-Al-rare earth alloys, Materials
Science and Technology, Vol. 12, 1996, 741-750.

[13] Q. Hua, D. Gao, H. Zhang, Y. Zhang, Q. Zhai, Influence of
alloy elements and pouring temperature on the fluidity of
cast magnesium alloy, Materials Science and Engineering
A444 (2007) 69-74

[14] AK. Dahle, Y.C. Lee, M.D. Nave, P.L. Schaffer, D.H.
StJohn, Development of the as-cast microstructure in
magnesium-aluminum alloys, Journal of Light Metals 1
(2001) 61-72.

[15] W. Qudong, L. Yizhen, Z. Xiaoquin, D. Wenjiang, Z. Yanping, L.
Quinghua, L. Jie, Study on the fluidity of AZ91 + xRE magnesium
alloy, Materials Science and Engineering A271 (1999) 109-115.

[16] Q. Chen, E.W. Langer, P.N. Hansen, Influence of the
process parameters on the volume change during the eutectic
reaction of S.G. cast iron: a computer simulation, Journal of
Materials Science 32 (1997) 1239-1248.

READING DIRECT: www.archivesmse.org



