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Abstract

The results of microstructure investigations of an experimental magnesium matrix composite reinforced with Ti particles are presented.
The experimental Mg-5AI-5RE magnesium alloy was used as the matrix alloy. The examined composite was reinforced with 30 wt%
titanium spherical particles. The investigated material was obtained by the stir-casting method. The microstructure of the fabricated
composite was characterized by a uniform arrangement of the Ti particles within the magnesium matrix. No new phases (created due to
reaction between the matrix and Ti particles) were revealed by XRD techniques.
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1. Introduction

Magnesium alloys because of their low density, good specific
strength and stiffness, exceptional dimensional stability and high
damping capacity are widely used mainly in the automotive and
aerospace industries. Most commercial magnesium alloys are
based on the Mg-Al system [1-3].

However, commercial cast magnesium alloys (AZ and AM
series) have poor creep resistance above 125°C which makes them
inadequate for major powertrain applications [4]. An a effective
way to improve the mechanical properties of Mg alloys at
elevated temperatures is to add alloying elements like Sr, Sh, Ca,
Bi and rare earth (RE) metals which cause the formation of
thermally stable precipitates along the grain boundaries [4, 5].
Mg-Al-RE alloys deserve special consideration and are the
subject of many studies [6-8]. For example, the AE44 alloy

(Mg-4Al-4RE) developed by Hydro Magnesium has good creep
resistance up to 200°C [6].

Magnesium matrix composites are materials that are
constantly being developed [9]. Recently, an Mg-RE base metal
matrix composite with SiC, fabricated by powder metallurgy
technique was also examined [10]. Ceramic particles are the most
widely studied reinforcing materials for Mg-based composites but
metallic/intermetallic particles are also investigated [11-15].

The paper focuses on the microstructure of an experimental
Mg-5AI-5RE magnesium alloy matrix composite with Ti particles
fabricated by the stir-casting method.

2. Experimental procedure

The commercial AM50 magnesium alloy (fabricated by
Hydro Magnesium Ltd.) with the nominal composition given in
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Table 1 was chosen as the base alloy. Rare earth elements in the
form of cerium rich mish metal were used as the addition. The
chemical composition of the mish metal is listed in Table 2. An
experimental alloy with 5 wt% rare earth elements was made by
the casting method involving introducing the RE alloying element
into the molten AMS50 alloy. During the melting process
a protective argon atmosphere was employed.

Table 1.
Chemical composition of AMS50 alloy according to standard
ASTM B93-94

Chemical composition [wt.%)]”

Alloy Al Mn Zn Si Fe Cu
max
. 0.28+0.5 max  max  max
AMSO 4.5%53 002 005 0004 0008
) Mg rest
Table 2.

Chemical composition of mish metal (according to the attestation)
Chemical composition [wt.%]"

Ce La Nd Pr Fe Mg
mish — 5ig0 2380 1600 >4 016 0.9
metal 0

Titanium powder in the form of spherical particles (with the
nominal composition given in Table 3) was chosen as the
reinforcement for the composite. The fraction of the Ti particles
was under 50 um. The experimental composite was obtained by
introducing 30 wt% titanium particles to the mechanical mixing
of the molten Mg-5AI-5RE magnesium alloy fabricated earlier
under a protective atmosphere. The prepared composite
suspension was gravity cast into a metal mould.

The standard metallographic technique of grinding and
polishing followed by etching in a solution of 1% nitric acid in
alcohol was used for sample preparation. The microstructure of
the fabricated material was examined using a light microscope
(LM — Olympus UC30). Phase constitutions of the investigated
composite were analyzed by X-ray diffraction (XRD) using
a Brucker D8 Advance diffractometer. Cu,, X-ray radiation was
used.

Table 3.
Chemical composition of Ti particles according to ASTM B-348,
grade 1

Chemical composition [wt.%]"

C (@] N H Fe Others each

0.02 0.10+0.18 0.02 0.01

) Ti rest

0.05+0.20 max 0.1

3. Results

Figure 1a shows a typical microstructure of the AM50 alloy,
which is composed of an a solid solution (Mg), divorced eutectic
aty (where v is the Mg;,Aly, phase) and aluminium-manganese
compounds. The microstructure of the fabricated experimental
Mg-5AI-5RE alloy (AM50 with addition of 5 wt% rare earth
elements) is shown in Fig. 1b and c. The addition of rare earth
elements caused the formation of Alj;RE; and Al,RE phases with
a needle-like and polygonal morphology, respectively. The
presence of a ternary intermetallic compound (Al,RE3sMn;) was
also observed due to the small mass fraction of manganese in the
alloy composition.

@)

(b)
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Fig. 1. Micostructure of as-cast AM50 (a)
and Mg-5AI-5RE (b, c) alloys, LM
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Figure 2 shows the as-cast microstructure of the fabricated
Mg-5AI-5RE-Ti, composite which is characterized by uniform
distribution of the titanium particles within the magnesium
matrix. No consequences of floating or sedimentation of the
reinforcement were observed. Furthermore, particle clusters were
not revealed either. Uniform distribution of the reinforcement is
the result of good wettability of Ti particles by the molten matrix
alloy.

@

(b)

In order to identify the existing phases in the fabricated
composite, XRD analysis was performed. Fig. 3 shows
a representative X-ray diffraction pattern of the Mg-5AI-5RE-Tij
material. The diffraction lines were indexed as arising from six
different phases. The examined composite is mainly composed of
an o (Mg) solid solution, ternary intermetallic compound
Al Re,Mn; (because of the small amount of manganese),
Al;;RE; and A,RE phases and Ti, phase (which was added as
reinforcement). No new phases which could be created due to the
reaction between the Mg-5AI-5RE matrix alloy and Ti particles
were revealed. On the other hand, the XRD analysis also revealed
a small reflex from MgO which could be a result of oxidation of
the examined sample.
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Fig. 3. X-ray diffraction pattern of as-cast Mg-5AI-5RE-Tij
composite
4. Summary

The examined Mg-5AI-5RE magnesium matrix composite
with titanium particles fabricated by the stir-casting method is
characterized by uniform distribution of the reinforcement within
the matrix. According to the presented results of the investigation,
no new phases (created due to reaction between the Mg-5AI-5RE
matrix and Ti particles) were revealed by the microstructure
observations and XRD techniques.
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