PIE (Phase Diagram Experiment) – Written Assignment.
The melting properties of Galistan®
Duration: 1 hour
Galinstan is brand name (registered trademark of the German company Geratherm) for a eutectic alloy composed of gallium, indium, and stannum (tin) (68.5% Ga, 21.5% In, and 10.0% Sn by weight) which melts at 11 °C and is thus liquid at room temperature (25 °C). Due to the low toxicity and low reactivity of its component metals, Galinstan replaces toxic liquids such as mercury for thermometers. Also, Galinstan is best used for overclocking, which consists of cooling hardware computers and, thus, increasing the operating speed of CPU computers. For instance, in August 2020, Sony Interactive Entertainment patented a Galinstan-based thermal interface solution suitable for mass production of the new PlayStation® home console 5 (https://patentscope.wipo.int/search/en/detail.jsf?docId=WO2020162417&tab=PCTBIBLIO).
During high-performance and extensive use, hardware components of the PlayStation® home console may reach temperatures of up to 80 °C. Given the importance to mitigate temperature increase while maintaining great CPU speed, the Sony Interactive Entertainment seeks advice from you, young petrologists, to evaluate the temperature and compositional conditions for the best use of the Galinstan alloy.
For this task, you are required to be equipped with ruler, calculator, and pen or pencil, and we assume that Galinstan is devoid of tin (in this case, “Galin” made of gallium and indium would be more appropriate). Sony Interactive Entertainment wants to know:
1) What composition (in terms of In mass fraction, XIn) does Galinstan melt at 80 °C? (15 pts)
2) What is the temperature of the solidus? (10 pts)
3) What is the solid percentage of indium crystallised at 77 °C at XIn = 0.8? (15 pts)
4) Assuming a process similar to batch melting applied to magmas, if Galistan with XIn = 0.76 is heated up to 77 °C, what is the resulting liquid percentage upon heating? (25 pts)
5) Starting from 77 °C at XIn = 0.76, assuming that the formed liquid is extracted and cools rapidly down to 27 °C, specify the new composition (in terms of XIn) and the resulting solid percentage of indium. In this case, you do not have to renormalise to 100%; you only need to determine the “snapshot” percentage of indium crystallites produced at 27 °C after a process similar to fractional crystallisation applied to magmas. (35 pts)
Extra credit questions:
a) If we use a Galistan composition equivalent to the Geratherm composition but devoid of tin, what is the resulting XIn? (15 pts)
b) Once you determine the Galistan composition in point a, what is the liquidus temperature at that given composition? Does this type of Galistan composition perform better than that of Galistan with XIn = 0.76? Briefly explain your response. (25 pts)
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Figure 1. The topology of the binary phase diagram of gallium (Ga) and indium (In) was determined through laboratory data (indicated by the yellow circles) by Rugg and Chart (1990). XIn = mass fraction of indium.
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