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Magnesium is the lightest of all metals used as the basis
for constructional alloys. It finds applications in the
automobile, aerospace, electronics industries as well as in
household equipment [1]. Various Mg alloys have been
developed for different applications by alloying with
major elements such as Al, Zn, Mn, Zr, RE, Y, etc
depending on the specific requirement in properties.
Among various Mg alloy systems Mg—Al alloy system
such as AZ91 and AM60 are the most commercially used
magnesium alloys. These alloys have good room tem-
perature and foundry properties. However, the major
problem in using these alloys is their inferior properties
at high temperature, especially the creep properties at
elevated temperature, which is due to the presence of the
low melting point Mg;;Al;, intermetallic phase [2].
Alloying additions such as RE, Sb, Ca, etc. are normally
made to improve the creep properties of these alloys.
Silicon (Si) is one such important alloying element added
to the Mg—Al alloy system to improve the high temper-
ature properties. The addition of silicon leads to the
formation of the thermally stable intermetallic Mg,Si
phase. Alloys like AS21 (Mg-2Al-1Si), AS41 (Mg—4Al-
1Si) have superior creep resistance to that of alloy AZ91
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due to the above said reason. However, the Si addition is
effective only with die castings; it is not suitable for sand
castings due to the formation of coarse Chinese script
Mg,Si precipitates. These coarse precipitates lead to
poor mechanical properties due to the fact that cracks
can easily nucleate and develop at the interface between
the ductile Mg matrix and the coarse Chinese script
Mg,Si precipitates [3].

Ca and P are normally added in Si-containing Mg
alloys to refine the Mg,Si precipitates so as to improve
the mechanical properties [4]. Kim et al. [4] have
reported that when Ca and P are added, CaSi, and
Mg;(PO,), particles form respectively, and these parti-
cles act as a nucleation sites for Mg,Si precipitates.
Recent studies report that a Sb addition also modifies
the morphology of Mg,Si precipitates [3, 5]. Generally,
Ca, P, Sb are normally added to modify the eutectic or
primary Si particles in Al-Si alloys and Sr is a well-
known modifier of Si particles in hypoeutectic Al-Si
alloys [6, 7]. Based on this behavior, it is believed that Sr
also can change the morphology of Mg,Si precipitates in
Si-containing Mg—Al alloys. Hence, the present study
aims to investigate the effect of Sr addition on the
refinement of Mg,Si precipitates in the Si-containing
AZ91 alloy.

Initially, a master melt of AZ91 (Mg-9Al-1Zn-
0.2Mn) alloy was prepared. Subsequently, castings of
Mg-9Al-17Zn-0.2Mn-0.5Si alloy were made by adding
required quantity of an Al-20Si master alloy so as to
get 0.581 in the casting. In order to study the ability of
Sr to refine the Mg,Si precipitates, castings of Mg-9Al-
1Zn-0.2Mn-0.5Si-0.1Sr were made by adding the
appropriate quantity of Al-10Sr master alloy so as to
get 0.1Sr in the casting. The detailed procedure for
casting the above alloys is reported elsewhere [3]. The
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Fig. 1 Typical microstructure of the permanent mould cast
AZ91 alloy

above castings were made in cast iron mould. The
microstructures of these alloys were evaluated by light
optical metallography using a Leica DMRX Micro-
scope. The compositions of intermetallic phases in
these alloys were examined using JEOL JSE 35C
Scanning Electron Microscope (SEM) interfaced with
an Energy Dispersive X-ray Spectrometer (EDX).
Figure 1 shows the typical microstructure of the
permanent mould cast AZ91 alloy. It consists of an
o-Mg solid solution containing Al and Zn, and a
divorced eutectic comprised of the massive Mg;;Al,
phase and a supersaturated Mg solid solution. Dis-
continuous precipitation of Mgy7Aly, is also observed
in the vicinity of the massive eutectic Mg;;Al;, phase.
The microstructure of the 0.5Si-containing AZ91 alloy
is shown in Fig. 2. When 0.5% Si is added to AZ91
alloy, a new Mg,Si phase appears at the grain bound-
aries, in addition to the massive Mg;,;Al;, particles. It

Fig. 3 SEM photograph highlighting the Mg,Si Chinese script
phase

is further observed from the microstructure that the
morphology of the Si bearing phase is a well defined
Chinese script. Figure 3 contains a scanning electron
micrograph, which explicitly highlights the Mg,Si
Chinese script phase. Both the EDX and X-ray dif-
fraction analyses confirmed the presence of the Mg,Si
particles; the morphology of these particles is consis-
tent with the one reported in the literature [3, 5]. It is
further noted from the microstructure that the addition
of Si to AZ91 alloy does not change the quantity or the
morphology of the Mg;;Al;, phase. The constant
quantity of the Mg;;Al;, phase is expected since no
other compounds containing Al and Si are formed.
The microscopic examination also indicates that the
silicon addition does not change the morphology of
Mg;;Al,. The EDX analysis performed across the
Mg;7Aly; phases indicates that there is no Si present in

Fig. 2 Optical micrograph of Si-containing AZ91 alloy
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Fig. 4 Microstructure of AZ91 alloy containing 0.5Si and 0.1Sr
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Fig. 5 X-ray maps showing a
refined Mg,Si precipitate

A (hn

that phase. These facts indicate that Si does not act as
a refiner or modifier for the Mg;;Al;, phase.

Figure 4 shows the microstructure of the AZ91 alloy
containing 0.5Si and 0.1Sr. From this figure it can be
observed that 0.1Sr additions effected an interesting
microstructural change. The morphology of the mas-
sive Chinese script Mg,Si phase morphology has been
refined but to an irregular shape. The exact measure-
ment of size Mg,Si phase is difficult because of its
complex shape. However, the average size (in terms of
area) of the precipitates measured before refining is
320 um? and after refining its average size is 75 um?>.
The grain size of the AZ91 alloy containing the Sr
addition is significantly finer (45 um) than the base
AZ91 alloy (80 um). However, the amount of Sr
required to optimize (refine) the microstructure
requires further investigation. In order to explore
further the nature of precipitates, analyses were
performed using SEM and EDX spectroscopy. The
spot EDX analyses obtained from the precipitates
suggest that Sr may be incorporated in the precipitates.
X-ray mapping was also performed as shown in Fig. 5.
These qualitative EDX maps suggest that Sr may be
incorporated in the Mg,Si precipitates. However, a

detailed TEM study is required for clear understanding
the mechanism.

In conclusion, the addition of Sr to a Si-containing
AZ91-Mg alloy appears to refine the microstructure by
promoting a finer grain size. The coarse Chinese script
Mg,Si precipitates also appear to be smaller and more
uniformly distributed in the alloy containing Sr. Fur-
ther research is needed to understand the mechanism
for the observed refinement in structure.
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