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MICROSTRUCTURE ANALYSIS OF THE AZ91/SiC 

COMPOSITE 
 

INTRODUCTION 

Magnesium alloys and their composites have been attracting attention as an important 

lightweight material and are being utilized in the automobile and aerospace industries [1-4]. 

In terms of the reinforcement in magnesium-based composites, the SiC particles are 

extensively used because magnesium cannot form any stable carbide [5]. 
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EXPERIMENTAL PROCEDURE 

 

Materials and processing 

The AZ91 alloy was selected as the matrix for the composites. The chemical 

composition is shown in Table 1. The reinforcement particles are silicon carbide with an 

average diameter of 45 m. Composite specimen with 0 and 5 wt.% of SiC particles were 

prepared using a liquid mixing and casting process. 

 

Table 1 

Chemical composition of AZ91 alloy 

Chemical composition / %wt. 

Al Zn Mn Fe Be Si Cu Ni 

9.03 0.6 0.2 0.0026 0.0011 0.0023 0.0016 0.00062 
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Processing of the magnesium composites consisted of mixing pre-heated SiC particles 

with liquid magnesium melt stirring and mould casting. About 1 kg of composite melts was 

prepared in an electric resistance furnace using a steel crucible under a SF6/CO2 gas 

atmosphere. The molten composite were held at 700°C for 1 h, stirred for 2 min, and then cast 

at 700°C into a mold to produce plates of 100 x 100 x 15 mm. An un-reinforced AZ91 alloy 

was also cast at the same temperature (700°C). 

 

Thermal analysis 

For the thermal analysis of the AZ91 alloy and composite samples, cooling curves 

during solidification were obtained using a data acquisition system (Agilent) at a sampling 

rate of 5 data per second. A chromel-alumel (K-type) thermocouple positioned 50 mm from 

the bottom of the plate center, was used to monitoring temperature as the melt solidified. 

 

Microstructural analysis 

The as-cast plates were sectioned and polished before microstructural analysis using 

transmission electron microscopy (SEM) and X-ray diffraction (XRD) method. 

 

RESULTS 

 

Thermal analysis 

Typical cooling curve for AZ91 alloy and AZ91/SiC composite are shown in Figure 1 

and 2 respectively. In both cases two important regions in the curve are identified: (P) 

nucleation of primary magnesium phase and (E) eutectic reaction. The equilibrium phase for 

these alloys is the solid -Mg solution, but during solidification a nonequilibrium eutectic (-

Mg - -Mg17Al12) is also created and present in the un-reinforced AZ91 alloy and in the 

AZ91/SiC composite. For AZ91/SiC composite cooling rate, Fig. 2, shows a third region (M) 

in which an exothermic reaction occurred. 

 

 
Fig. 1. Cooling curve and cooling rate of the AZ91 alloy 
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Fig. 2. Cooling curve and cooling rate of the AZ91/5wt.% SiC composite 

 

Microstructural analysis 

The X-ray diffraction examination of the AZ91 alloy (red line) and the composite (black 

line), Fig. 3, also confirmed the presence of the magnesium primary phase (-Mg) and the -

Mg17(Al, Zn)12 phase in the microstructure. The XRD graph of the composite (black line in 

the Fig. 3) contains a peak about 24
o
 which shows the formation of intermetallic phase Mg2Si. 
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Fig. 3. The XRD graph of AZ91 alloy (red line) and composite reinforced 5 wt.% SiC (black 

line) 

 

SEM examinations of the composite base on AZ91 5 wt.% SiC, Fig. 4 and 5, confirmed 

presence Mg2Si phase in the microstructure. In addition to intermetallic phase Mg2Si and SiC 

particles, another  eutectic phase Mg17(Al, Zn)12 (grey area, Fig. 4 and blue area Fig. 5), 

primary phase Mg (dark matrix, Fig. 4 and green matrix, Fig 5) and AlMn phase (white 

points, Fig. 4 and 5) are also formed in the composite matrix. The analyses of chemical 

composition in area 1 of the precipitate (see Fig. 6), where approximately 39.443% of Al by 

weight and 51.689% of Mn by weight were found. 

 

  
Fig. 4. SEM micrograph of the AZ91/SiC composite shows formation of Mg2Si, AlMn, 

Mg17(Al, Zn)12, primary phase -Mg and SiC particles 
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Si – Red     Mg – Green    Al – Blue     Mn – white 

Fig. 5. EDS map show distributions of various elements in AZ91/SiC composite 

 

  
Fig. 6. SEM micrograph of the AZ91/SiC composite shows an AlMn precipitations within the 

matrix 

 

SUMMARY AND DISCUSSION 

The solidification process of the AZ91 alloy begins with the nucleation of the -Mg 

primary phase dendrites. The -Mg crystallite size is defined by several factors: self-cooling 

rate, chemical composition and the type of particles present in the liquid, which may serve as 

bases for heterogeneous nucleation. 

It must be noted that during the crystallization of the primary phase dendrites the AlMn 

phase also crystallizes, which may serve as a base for heterogeneous nucleation of the -Mg 
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phase. The effect of the chemical composition on the crystallite size may be determined by 

the growth restriction coefficient. 

The next phase of the AZ91 solidification is the crystallization of the eutectic, which itself is 

comprised of a mixture of the β-Mg17(Al, Zn)12 phase and the aluminum-rich -Mg phase. 

The morphology of the eutectic and the liquid flow in the interdendritic areas may result in 

the growth of porosity. 

The solidification process of the composite base on AZ91 alloy reinforced SiC particles 

occurs like solidification process of the AZ91 alloy un-reinforced SiC particles. Additionally, 

there appears the intermetalic phase Mg2Si in the microstructure of the composite. Phase 

Mg2Si exhibits a high melting temperature of 1085 
o
C, low density of 1.99x10

3
 kg m

-3
, high 

hardness of 4.5x109 Nm
-2

, a low thermal expansion coefficient of 7.5x10
-6

 K
-1

, a reasonably 

high elastic modulus of 120 GPa [4] and binding energy between Mg and Si is very high (the 

enthalpy of formation is - 26.8 kJ per g-atom. Thus when small amounts of Si (for example 

0.5 at %) are added to the alloy with 2 at % Mg, the 1 at % excess Mg would cause Mg2Si [6]. 

Reactions between SiC, SiO2 and Mg and Al might happen as follows: 
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These reactions depend on the processing parameters, especially on temperature and chemical 

composition of both the matrix and the reinforcement SiC particles. Authors [7] calculated the 

Gibbs free energies of reaction Eqs. (1) – (4) within the temperature range of 650–900 
o
C 

using thermodynamic data. The results indicate that there is no chemical reaction between SiC 

and magnesium, Eqs. (3), and between SiC and aluminum, Eqs. (4), at the temperature from 

650 to 900 
o
C because the Gibbs free energies of reaction changes from 941 J to 4900 J for 

Eqs. (3) and from 5154 J to 9678 J for Eqs. (4). The Gibbs free energies of reaction changes 

from −130333 J to −122247 J for Eqs. (1) and from −32045 J to −27127 J for Eqs. (2) [7]. 

Reactions Eqs. (1) and (2) are possible. 

Probably chemical reaction followed the first SiO2 formed on the surface of SiC particles 

during the fabrication of AZ91 matrix composites reinforced by SiC particles and next Mg2Si 

formed by reaction Eqs. (1) and Eqs. (2). 
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