5. Ther mal St hx tlri uNdEXdd fl oy Bar s

This chapter deals withthe study of phase transformationf the bulk extruded NQX
aloy. The ativation energy of the alloy was calculated througlomisothermal transio
mation kinetics using the Kissinger methodby performing varying heating rate DSC
experiments The aloy samples weralso isothermaly anneadd for 100hrsat five
elevatedtemperaturesThe change in the microstructure were studied using XRD, DSC,

SEM, TEM, STEM, and EBSD

5.1 Activation Energyof the NQXAlloy Decomposition

The temperature dependerdecompositiofieaction in a materialcan be assumedto
follow an Arrhenius typeelation providedin Eqn. 5.1 (Kissinger, 1957)
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Where x isthe fraction decomposedr reacted, dxit is the rate of reaction, Ais a pre-
factor, n is theorder of reaction, k is the activation energy, T is the absolute temperature
and R is the gasonstant.

The rate of reactionsiat a maximumwhen its first derivative is zerand at thatinstang

the equation can be written #e following (Kissinger, 1956, Kissinger, 1957)
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Whereb thesheating rat®r dTMt, T from Eqn. 5.1 becomes fax or Tp, which is the

temperature corresponding to the maximum rate of reaction or the peak temperature.
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The ativation energy is an importarkinetic parameter in the alloy phase transfo
mations. K i s si nger Bge. 5.2nerovides da sifgle value of the activation energy

for the complet reaction and ihas been extensively used in literatutriring the non
isothermal reactions, the change of heating rate resultschargein the peak postiom

the DSC curvesEach peak position and the corresponding heating rate is notesknthe

loglog plot b et we gzn\/s 164 yilds a straight linehaving a slope of-E4/R, which

provides thevalue of activation energy for the transformdtidim e 6as NQXt r ude c
alloy sampleswere heatedat four different rate{80, 40, 20 and &/min) and corre-

sponding peak positonswere identified The peak positionsvere observed toshift

towards lower temperatures as the heating rate desreaseeen ifrigure 5.1. The graph

bet we g’nvs BT, B shownin Figure 5.2 and an activation energy value of the
transformation of the-phase was found to 250x+4kl/mol In comparison, e ativation

energy for diffusion of Fe in Al habeen reportedn the range of 18359kJ/mo] for Cr

diffusion in Alit is ~243-282%J/mo| and forTi in Al, it is ~260kJ/mol (Du et al., 2003)

Thus, thediffusion of any one element, a combination afyatwo or all three elements

(Fe, Cr, Tj in Al can beinvolved in the phase transformation of thehase requiing a

further studyof the phase transfomations of the alloy.

Another method of finding the activation energy wasstplatedby Ozawa (1970which

assume that the extent of reaction is independent of the heating rate. The method was
also used(not shown heret o validate the result sy Ki

provided thesamevalue of the activation energys250+4J/mol.

A Equation5.2 is for the T order reactions, similar relations also hold for higher order reactions.
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Figure 5.1 DSCruns of @as extruded NQX alloy carried out at four heating rates

Figure 5.2 Kissinger plot for the NQX alloy. The dope of the fitted dashedlines times the gas constant
provides the activation energy of the transformation
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