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ABSTRACT  
In the present work, the microstructural features of spray deposited Al-6Si-10Pb alloys before and after annealing 
at different locations of the preform have been compared with each other. XRD confirms the presence of all 
elements present in the Al-6Si-10Pb alloy.  The optical micrographs were taken at three different regions of the 
preform before and after annealing predicts that the grain size is lower at the peripheral region as compared to 
central region. Equiaxed grain structure was observed in SEM images, with a uniform distribution of Pb and Si 
phase in an Al-matrix. Further, grain refinement and reduction of porosity was observed after annealing. 
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Introduction 

Manufacturing industry such as construction, aerospace, and automobile demand 

metals/alloys which possess high strength, high corrosion resistance, high stiffness, light-

weight, and low thermal expansion coefficients [1ɟ4]. Contrary, these materials should 

have excellent wear and abrasive resistance for their use in bearings and gear boxes [5,6]. 

These properties of the materials have direct impact on the performance and efficiency 

of the constructed machines parts. However, attaining high strength along with good 

ductility is still a great challenge in the metallurgy. In steel industry, achieving this 

objective require a complex and time-consuming process of nitriding and carburizing. 

Aluminum (Al) due to its superior properties and ease of casting can be suitable 

alternative for iron (Fe). However, casting Al alone offers new challenges of high 

shrinkage, low fluidity and hot tearing. Recent studies predict that alloying aluminum (Al) 

with various metals such as silicon (Si), manganese (Mn), magnesium (Mg), copper (Cu) 

and magnesium-silicide (Mg2Si) can resolve these casting problems. For example, Al-Si 

alloys offer good fluidity of molten metal at lower casting temperatures in comparison to 

the pure metal [7ɟ9]. However, during conventional casting the ductility of the aluminum 

is compromised simultaneously as the coarse silicon particles gets embedded in the Al 

metal. To compensate for ductility soft elements such as lead (Pb), indium (In), and tin 

(Sn) can be added the mixture [10]. However, due to large density differences these 

elements are not miscible with Al and canɢt be casted using simple conventional casting 

techniques. Alternatively, advanced casting techniques such as spray forming [11,12] can 

lead to the homogeneous dispersion of soft elements in Al matrix. This technique utilizes 
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high velocity gas jets to disintegrate the molten metal into droplets of submicron size. 

These small droplets contain partially solidified particles in molten metal, which acts as 

nucleating sites. Consequently, rapid solidification takes place which leads to 

homogeneous microstructures with negligible agglomeration. In case of Al-Si alloys, 

earlier reports suggests that size and shape of Si particles plays major role in obtaining a 

fine grain structure, which can be controlled by adjusting the cooling rate during 

solidification. Usually, faster cooling rates lead to fine microstructure. Thus, use of spray 

forming technique for the production of good quality Al-Si alloy is a good choice. 

However, due to the non-uniform gaussian distribution of the mass in the spray droplets, 

the obtained preform contains high level of porosity. Thus, requires further heat 

treatments to reduce the porosity [13,14].  

The objectives of our work are (1) to obtain fully miscible Al-6Si-10Pb alloy with no 

segregation using spray forming technique, and (2) to study the effect of annealing on 

the microstructure of Al-6Si-10Pb alloy taken at different locations of the preform.  

 

Materials and Methods 

Figure 1 represents the experimental setup and the process mechanism of the spray 

forming technique used for the deposition of Al-6Si-10Pb alloy on a substrate. The 

material processing involves heating a mixture of 900 g commercially available Alɟ6Si 

alloy (see Table 1 for the detail composition) and 100 g Pb at 1123K in the crucible kept 

over the nozzle of the atomizer unit.  

 

 
 

Fig. 1. (a) Photograph of the apparatus used for experimental work and (b) the process mechanism of the 

spray forming 

 
Table 1. Chemical composition of Al-Si alloy 

Si Fe Mn Zn Ti Pb Sn Mg Ni Al 

6.0 0.41 0.21 0.29 0.06 0.04 0.12 0.13 0.12 balance 

 

 














