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5. Thermal Stability of the Extruded NQX Alloy Bars 

This chapter deals with the study of phase transformation of the bulk extruded NQX 

alloy. The activation energy of the alloy was calculated through non-isothermal transfor-

mation kinetics using the Kissinger method by performing varying heating rate DSC 

experiments. The alloy samples were also isothermally annealed for 100hrs at five 

elevated temperatures. The changes in the microstructure were studied using XRD, DSC, 

SEM, TEM, STEM, and EBSD. 

5.1 Activation Energy of the NQX Alloy Decomposition 

The temperature dependent decomposition/reaction in a material can be assumed to 

follow an Arrhenius type relation provided in Eqn. 5.1 (Kissinger, 1957). 

 

Eqn. 5.1 

Where x is the fraction decomposed or reacted, dx/dt is the rate of reaction, Ak is a pre-

factor, n is the order of reaction, Ea is the activation energy, T is the absolute temperature, 

and R is the gas constant.                      

The rate of reaction is at a maximum when its first derivative is zero, and at that instant, 

the equation can be written as the following (Kissinger, 1956, Kissinger, 1957). 

 

 Eqn. 5.2  

 

Where ɓ is the heating rate or dT/dt, T from Eqn. 5.1 becomes Tmax or Tp, which is the 

temperature corresponding to the maximum rate of reaction or the peak temperature.  
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 The activation energy is an important kinetic parameter in the alloy phase transfor-

mations. Kissingerôs method (Eqn. 5.2) provides a single value of the activation energy 

for the complete reaction and it has been extensively used in literature. During the non-

isothermal reactions, the change of heating rate results in a change in the peak position in 

the DSC curves. Each peak position and the corresponding heating rate is noted, the semi 

log-log plot between ɓ/Tp
2 vs 1/Tp yields a straight line having a slope of -Ea/R, which 

provides the value of activation energy for the transformationA.The óas extrudedô NQX 

alloy samples were heated at four different rates (80, 40, 20 and 10oC/min) and corre-

sponding peak positions were identified. The peak positions were observed to shift 

towards lower temperatures as the heating rate decreases, as seen in Figure 5.1. The graph 

between ɓ/Tp
2 vs 1/Tp is shown in Figure 5.2 and an activation energy value of the 

transformation of the I-phase was found to be 250±4kJ/mol. In comparison, the activation 

energy for diffusion of Fe in Al has been reported in the range of 183-259kJ/mol, for Cr 

diffusion in Al it is ~243-282kJ/mol, and for Ti in Al, it is ~260kJ/mol (Du et al., 2003). 

Thus, the diffusion of any one element, a combination of any two or all three elements 

(Fe, Cr, Ti) in Al can be involved in the phase transformation of the I-phase, requiring a 

further study of the phase transformations of the alloy. 

 Another method of finding the activation energy was postulated by Ozawa (1970) which 

assumes that the extent of reaction is independent of the heating rate. The method was 

also used (not shown here) to validate the result by Kissingerôs methods and it also 

provided the same value of the activation energy as 250±4kJ/mol. 

 

                                                 
A
 Equation 5.2 is for the 1

st
 order reactions, similar relations also hold for higher order reactions. 
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Figure 5.1 DSC runs of óas extrudedô NQX alloy carried out at four  heating rates. 

 
 

Figure 5.2 Kissinger plot for the NQX alloy. The slope of the fitted dashed lines times the gas constant 

provides the activation energy of the transformation. 

 


