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ABSTRACT 

 
Al-Mg2Si in-situ composite has been assigned as Aluminium particulate metal matrix composite (PMMC’s) that nowadays has gain 

broader attention due to better properties performance. Containing of Mg2Si intermetallic compound as particulate reinforced has led the 

material to be potential candidate to manufacture most of industrial products especially automotive and aerospace components. However, 
presence of coarse structure of Mg2Si particles in normal cast condition would contribute to high brittle concentration which also believes 

to cause mechanical properties deterioration. This would limit the overall composite performance. Melt treatment of the in-situ composite 

by Sr addition has caused the intermetallic of primary Mg2Si appear to be refined by changing the shape roughness which is expected to 
result in mechanical properties improvement. The morphology evolution of Mg2Si phase has been examined via thermal and 

microstructural analysis by normal gravity casting route. It was discovered that the optimum concentration of 0.01 wt.% Sr has resulted in 

adequate refinement effect on the morphology as coarse skeleton shape of primary Mg2Si has been altered to fine polygon one besides 
decrease most in average size. The result also showed the depression in nucleation temperature, TN and growth temperature, TG as various 

Sr addition which believes corresponds to morphology refinement effect. 
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INTRODUCTION 
 

High performance of Al-Mg2Si in-situ composite 

has marked up the material to be potential candidate 

to manufacture most of industrial products. 

Preserving low density, better mechanical properties 

and low production cost [1,2] has chosen the material 

to cast many aerospace and automotive components 

especially that require high temperature application 

such as piston, cylinder head and cylinder frame [1]. 

While conserving better mechanical properties is 

actually own by the intermetallic Mg2Si particulate 

that reinforced in Al-matrix which possess high 

melting temperature, low density, high hardness, low 

coefficient of thermal expansion and reasonably high 

elastic modulus [4,5]. However, the expecting 

mechanical properties preserving by the in-situ 

composite have been deteriorated by nature form of 

dendrite and coarse primary Mg2Si structure. Its 

sharp edges and corners of Mg2Si structure has 

caused brittleness and high concentration of crack 

propagation which resulted in low ductility of the 

composite [6,7]. Therefore, control of the composite 

microstructure is crucial in order to produce better 

structure phase and casting quality, leading to 

mechanical properties improvement. Among several 

approaches that introduced to achieve the refinement 

target, melt treatment with addition of inoculation 

agent called conventional gravity casting is most 

preferred one since simpler route, easier and low cost 

besides practical for general engineering application 

[8]. 

Addition of several elements such as antimony, 

Sb, silicon, Si [11], nickel, Ni and lanthanum, La [8] 

to different base composite have shown to improve 

the morphology by refining the coarse primary 
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Mg2Si structure to fine polygonal shape besides 

decrease in size. Similarly, addition of strontium, Sr 

also been proposed as a practical route to result better 

refinement performance. Although Sr element has 

been widely used as refiner agent in many alloy 

[13,14], nevertheless its uses in Al-Mg2Si in-situ 

composite is rather limited. On the other side, only 

fewer researchers have focus on correlation between 

microstructure evolution and thermal analysis 

changes as both are effective tools to investigate 

solidification behaviour of the melt treated either 

with or without refiner element. Besides, thermal 

analysis by computer aided cooling curve thermal 

analysis (CACCTA) would provide information 

regarding the refinement level of the in-situ 

composite. Thus, current study is carried out in order 

to provide an understanding the effect of Sr additions 

on microstructural changes of the Mg2Si 

reinforcement in Al-20%Mg2Si in-situ composite as 

well as the possible correlation to the solidification 

characteristics by using CA-CCTA technique.  

 

Material And Methods 
 

    A commercial Al-Si alloy (LM6), pure Mg 

and pure Al were used as starting materials to 

fabricate Al-20%Mg2Si ingot. A 2 kg ingot was then 

melted in a silicon carbide crucible using a resistance 

furnace with a melt temperature of 750±5°C.  Once 

melted, an Al-10Sr rod master alloy was introduced 

separately into the melt. The nominal addition levels 

were between 0.01-0.1wt.% Sr. 15 min was allowed 

for complete dissolution and homogenization. 

Thermal analysis samples were taken by pouring the 

molten alloy in a cylindrical ceramic mould (outer 

diameter 40 mm, height 40 mm and wall thickness of 

7 mm), preheated to 750°C for 15 min. The thermal 

analysis was carried out by embedding two K-type 

thermocouples in the centre, 15 mm above the 

bottom of the mould. The temperature-time data 

were recorded using a high-speed data acquisition 

system (EPAD-TH8-K) linked to a computer with 

DEWESoft 7.5 at a dynamic rate of 100 Hz/ch, as 

shown in Fig. 1. FlexPro8.0.31 data analysis software 

was used for smoothing the curves and plotting the 

cooling curve and first derivative curve for extracting 

characteristic data. Samples for metallography were 

cut and prepared by standard grinding and polishing 

procedure. Microstructures were analysed using an 

optical microscope (Nikon-MIDROPHOT-FXL) and 

field emission scanning electron microscopy (Supra-

35VP, Carl Zeiss) equipped with EDS.

 

 
Fig. 1: Schematic diagram of experimental set    

 

Result And Discussion 

 

Fig. 2a illustrates the cooling curve of Al-

20%Mg2Si in-situ composite allied with the 

derivative curve marked in orange colour. The 

derivative curve would help to reveal the 

characteristic data precisely such as nucleation 

temperature (TN), growth temperature (TG) and 

minimum temperature, (Tmin) which cannot be 

extracted directly from the cooling curve itself since 

the peaks presented are small and unclear. 

Meanwhile, the derivative curve would provide 

better information regarding solidification behaviour 

of the composite melt related to phase transformation 

during cooling condition. As shown in Fig. 2a, it has 

found that there is four phase transformation 

occurred during cooling state of the composite melt, 

correspond to four peaks existed in the derivative 

curve clearly. The result could be tally with the 

morphology shown in Fig. 2b since there is four 

different phases presented in the in-situ composite 

after complete solidified. However, the first peak 

represents the nucleation and growth of primary 

Mg2Si particles which has shaped in large size of 

coarse skeleton structure. Such existence 

morphology has distorted the overall mechanical 

properties of the composite through brittleness 

behaviour of the Mg2Si structure which is the main 

focus of current study.
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Fig. 2: (a) Cooling curve with corresponding first derivative curve representing four phase evolutions and (b) 

FESEM micrograph of coarse structure of primary Mg2Si in Al-20%Mg2Si in-situ composite. 

 

In order to refine the coarse morphology of 

Mg2Si structure, Sr was added into the composite 

melt in different concentration to investigate the 

effect of various Sr level on Mg2Si particles 

alteration. Fig. 3 represents a combination of cooling 

curve and microstructure evolution respective to 

different Sr addition, from 0.01 up to 0.1 wt.%. 

Overall, the addition of Sr has depressed the coarse 

skeleton of primary Mg2Si particles to fine 

polyhedral shape and decrease in size. However, the 

most adequate refinement particles is achieved with 

0.01 wt.% Sr since this additional amount resulted in 

most refined polygonal shape of particles with 

highest size reduced. Beyond or over this 

concentration level, the refinement effect is lost as 

coarse particles of Mg2Si have formed again.  

 Further analysis of the characteristics particles 

has perceived the best concentration added is 0.01 

wt.% Sr correspond to change most in size, aspect 

ratio and particles distribution as indicated in Fig. 4a. 

The amount has led bigger size reduction from 179.4 

µm to 125.55 µm, about 30% reduced.  Followed by 

the aspect ratio that also decreased by 6% from 1.2 to 

1.13, whereas decreasing in particles size resulted in 

number of particles density increase and it is about to 

rise from 10 to 35 particles per unit area mm
2
. 

However, exceed this amount caused converse 

refinement effect as the particles start becoming 

coarser as shown clearly in the respective fig. 

Meanwhile, analysis of the cooling curve indicating 

that TN and TG of primary Mg2Si nucleation has 

slightly depressed when Sr was added. Very small 

changes of these characteristics temperature when 

0.01 wt.% Sr was added until 0.08 wt.%. Further 

adding to 0.1 wt.% Sr, TN and TG appears to be 

further decreased. This pattern denoted that the start 

of nucleation of primary Mg2Si has occurred at lower 

temperature and continue adding the Sr has further 

lower start of formation of Mg2Si phase. The 

particles are said to have no longer time to grow and 

become coarser. Based on Hadian et al., [1], the 

mechanism could be related to oxide bifilm theory 

which proposed that addition of Sr has poisoned the 

oxide bifilm as favoured nucleation site for Mg2Si 

particles while this phenomenon has forcing the 

particles to nucleate at lower temperature [1]. 

However, the exact mechanism is still unclear 

especially on reverse refinement effect after exceed 

the optimum concentration of Sr. Hence further 

investigation is needed to clarify the behaviour 

precisely. 

 

Conclusion: 

The effects of Sr additions on the nucleation and 

growth temperatures as well as structure of Mg2Si 

reinforcement particulates in Al-20%Mg2Si in-situ 

composite were investigated using CA-CCTA 

technique. The following conclusions can be made: 

1- Addition of Sr caused a slightly decrease in 

the TN and TG of primary Mg2Si particles. 

2- Addition of 0.01wt.% Sr caused optimum 

refinement effect on the Mg2Si particles while 

exceeding this concentrations resulted in coarsening 

of Mg2Si particles. 

3- The oxide bifilm as favoured nucleation sites 

is the possible mechanism responsible for the 

refining of the in-situ composite alloys by Sr.

(a) (b) (b) 

Primary 

Mg2Si 
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Fig. 3: Cooling curves of Al-Mg2Si and corresponding morphology changes respective to different 

concentration of Sr addition: 0.01, 0.04, 0.08, 0.1 wt.%. 

 

 
 

Fig. 4: (a) Characteristics particles of primary Mg2Si and (b) Variation in TN and TG as a function of Sr level  
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