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ABSTRACT 
 

The microstructural evolution of different compositions of Mg-Sn alloys (30%Sn-70%Mg, 
40%Sn-60%Mg and 50%Sn-50%Mg) is studied at first to understand the changes observed 
with change in tin content and deformation conditions. The Mg2Sn phase increases with 
increase in tin content and a significant substructure development is found in 50%Sn-50%Mg 
alloy. The above observation led to further deformation studies on Mg2Sn based thermoelectric 
materials with higher tin percentage. The microstructure in terms of EBSD measurements is 
studied in detail followed by the determination of thermoelectric properties i.e. Seebeck 
coefficient and electrical conductivity for both as cast and extruded Mg(2+x)Sn-Ag alloys. The 
electrical conductivity of the extruded Mg(2+x)Sn-.3wt%Ag {x=1} alloy was found to be more than 
its as cast counterpart while the Seebeck coefficient values remained almost the same.   
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1. Introduction 
 
In recent times, magnesium based alloys are becoming a preferred choice for various 
industrial, automotive, biomedical and aerospace applications (Mezbahul-Islam et al. 
2014). Magnesium besides being light weight, environment friendly and cheap has 
excellent dimensional stability, high strength and thermal properties (Mark). These 
advantages have constantly led Magnesium based alloys to be researched for new 
possibilities in the field of science and innovation.  
Implementing sustainable sources of energy is the need of hour and so a huge boost to 
the ongoing studies on thermoelectric materials is seen in some current years. 
Thermoelectric materials are the one which convert thermal energy into electrical 
energy (Seebeck effect) and vice versa (Peltier effect). These solid-state devices 
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having no moving parts, operate on a simple principle and are highly reliable. Though 
they have been used widely in many power generation and cooling applications, their 
low thermoelectric efficiency (denoted by thermoelectric figure of merit ZT) makes them 
less competent for cost effective commercial uses. Thermoelectric figure of merit (ZT) 
is a dimensionless quantity given by the expression:   
 
                                 ZT=S2 σT/κ                              (1) 

 
Where, S (V/K) is the Seebeck coefficient, σ (Ω-1m-1) is the electrical conductivity, κ 
(W/m.K) is the thermal conductivity of TE material and T (K) is the absolute temperature 
(Shakouri 2011, Elsheik et al. 2014, Pandel and Banerjee 2015, An et al. 2012, Zheng 
2008). A good thermoelectric material should have high Seebeck coefficient, high 
electrical conductivity and low thermal conductivity. Magnesium based thermoelectric 
alloys i.e. Mg2X (X=Si, Sn, Ge) can achieve higher ZT values besides being cheap and 
keeping the environment clean (Jiang et al. 2013). They are emerging as the best class 
of thermoelectrics to be used in the mid temperature range (~125°-525°C) (Viennois et 
al. 2012, Fedorov et al. 2006). It has been reported by Fedorov et al. (2006) that Mg2Si-
Mg2Sn system shows favourable results in the above stated temperature range due to 
its well-defined combination of band structure and transport properties.  
Deformation brings various changes in the microstructure of a material; affecting its 
grain size, sub-grain size and dislocation density (Humphreys and Hatherly 2004). It is 
also capable of altering the thermoelectric and mechanical properties of a material as 
the grain size, grain orientation (texture) and carrier concentration vary with 
deformation (Lee et al. 2006, Kitagawa et al. 2010). Deformation of magnesium alloys 
at high temperatures can be done by methods like rolling, extrusion and forging. This 
helps in enhancing the workability of these alloys and the final grain size and the 
properties of a material are transformed to a great extinct. The process that controls the 
grain size and is quite important during deformation of magnesium alloys is dynamic 
recrystallization (DRX) (Beer and Barnett 2007, Ion et al. 1982). This phenomenon 
usually occurs at elevated temperature resulting in a refined microstructure, reduced 
flow stress and improved hot plasticity (Humpherys and Hatherly 2004, Lee et al. 2006, 
Kitagawa et al. 2010, Xu et al. 2015, Beer and Barnett 2007, Ion et al. 1982, Chen et al. 
2010). It is also shown that electrical properties are enhanced using the hot 
deformation process. With increase in highly preferred orientations, higher electrical 
conductivity is observed. The degree of texture is majorly determined by grain sizes 
and composition of an alloy which can be altered using hot deformation (Hu et al. 2012). 
This study explores the substructure development and subsequent changes in 
thermoelectric properties of Mg2Sn based alloys during hot deformation.      
 
 
2. Experimental Procedure 
 
To study the effect of deformation on the microstructure of Mg-Sn alloys, three 
compositions of Mg-Sn alloys were prepared, the nominal compositions of which by 
weight percent are: 30%Sn-70%Mg, 40%Sn-60%Mg and 50%Sn-50%Mg. These alloys 
were then extruded using a laboratory extrusion rig at 500°C and 0.1mm/s ram speed. 




