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Melting Points of Aluminum at Geological Pressures


Mainly, my project this summer dealt with running simulations, performing calculations on the outputs of those simulations, and analyzing the results of my calculations.  I also did a small amount of coding at the beginning of my project.

   
In order to find the melting points of aluminum at geological pressures, I first had to find the Gibbs free energies of the liquid and solid phases of aluminum at those pressures.  To this extent, I started with calculations of the Gibbs free energies of aluminum at atmospheric pressures.  In these calculations, the liquid and solid phases are connected through thermodynamic integration following a pseudo-critical path, and aluminum is represented through an embedded-atom potential.  After I found the Gibbs free energy difference between the solid and liquid phases at one specific temperature and atmospheric pressure, I used the Multiple Histogram Reweighting (MHR) technique to find the Gibbs free energy nearby temperatures and pressures.  I ran simulations to find the Gibbs free energies of the liquid and solid phase at increasing temperatures and pressures until I got to the geological pressures that I was looking for. With the Gibbs free energies of the two phases available, the melting points at those specific temperatures and pressures could be found through calculation.  At the temperature where the Gibbs free energies of the liquid phase and of the solid phase are the same, the melting point occurs.  I used the results of the simulations and the MHR calculations to find trends in phase stability and melting point.


The small amount of coding that I did for the project found the average Gibbs free energy at each specific temperature and pressure.  The simulation output gave the free energy at five different times during the run, so I wrote a code that found the average of those energies for each of the simulations.


From Gibbs free energy differences between the solid and liquid phases as well as from the melting points, this research project was able to find the trends of phase stability and melting point for aluminum at geological pressures.  The results show that the solid becomes increasingly more stable relative to the liquid as the pressure is increased.  In accordance with the increased stability of the solid phases at higher pressures, the melting point also increases with pressure.


This project specifically and the internship experience itself have both contributed greatly to my research skills and my experience level.  This summer program has given me the opportunity to use all of the knowledge that I have gained in my undergraduate classes and apply them to a real situation.  I gained great problem-solving and analyzing skills over the course of this internship, and I vastly increased my ability to use different computer software and programs.


This project also showed me what it is like to work on a team.  Being a part of a research group and working on a project with one of the group members taught me communication skills and teamwork.  I learned more in this ten week period than I ever thought I could, and I know that this experience will help me in the future with academics and later on with my career.

 
A manuscript describing this project is in progress, and is titled “Monte Carlo Simulations of the Pressure Dependence of the Melting Point of Aluminum.”  Other authors for this publication are J. Ilja Siepmann and Divesh Bhatt.   

