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Material Science Assignment
1. Please describe the microstructural changes in the three stages of recovery, recrystallization and grain growth during annealing treatment.
Recovery
	Recovery stage takes places at low temperature of annealing. In this stage, no change to microstructure occurs. According to Wu et al. (2017), the excess point defect created during cold work are absorbed during this stage. Also, during recovery random dislocations of opposite signs come together and annihilate each other. However, the overall reduction in the dislocation density by this process is small. Dislocation of same sign arrange in low energy in configurations. In addition, in the recovery stage, the overall reduction in dislocation density is usually small.
Recrystallization
	During the recrystallization stage, the ‘cold worked grains’ are replaced by the ‘strain-free grains’. During recrystallization temperature is defined as recrystallization involving a percentage of percentage and time which is the temperature at which half of the material recrystallizes in 1 hour. The recrystallization temperature ranges from 0.3-0.5 from the melting point. On the other hand, formation of strain grains is contributed by two process which include “Nucleation” and growth of new strain-free grains and the migration of the grain boundary to a region of high dislocation density (Wu et al., 2017). In addition, the driving force for recrystallization is the free energy difference between the deformed and the unreformed material. As a result, increased deformation leads to a decreased in recrystallization temperature. The recrystallization temperature is lower if the initial grain size is smaller. However, the lower grain stored strain energy which leads to higher recrystallization temperatures occurs under higher working temperatures. 
Grain Growth
	Grain growth refers to the increasing of larger grains at the advantage of smaller ones resulting to an increase in the average grain. On the other hand, similar process is observed during precipitation where larger precipitates grow at the expense of the smaller ones resulting to an overall increase in size of the precipitates. For that reason, local and global criteria must be satisfied for brain growth to occur. According to Wu et al. (2017), grain growth is globally driven by reduction in grain boundary energy and thus leads to further drop in strength of the material. On the other hand, locally grain growth is driven by bond maximization where the smaller grains have larger curvature.
2. Please explain why micro-segregation and macro-segregation happen during practical solidification.
	Micro-segregation and macro-segregation happen during practical solidification because in liquid phase most alloy elements have higher solubility than in solid state (Reinhart et al., 2013). For that reason, the materials are ejected into the liquid phase during freezing. This leads to continual enrichment of the liquid. High-g liquid convection results from both natural convection and shrinkage flow at the same time only shrinkage flow drives segregation in Low-g. Thus, the composition should be more uniform samples solidified under Low-g which is also seen in the Flemings-Nereo model where it works well at the beginning of solidification at Low-g. However, in most cases, low-gravity solidification results into lower segregation and hence it is attributed to lower the absence of the natural convection.
For material science, the essential point is to figure out an effective way to increase material strength without significantly compromising ductility. When we learned precipitation strengthening, we know that for a given amount of alloying element, fine and uniform- distributed precipitates generated by alloying element are more efficient in the increasing material strength than the elements atom staying as solid solution atom. We just finished learning the aging treatment of the alloy, the question for you are:
3. You are given an equilibrium solidified Al-Cu alloy indicated in the figure. Please advise a heat treatment procedure that can be used to achieve a maximum strength without losing a significant amount of ductility. Please draw your temperature history in the temperature-time coordinate beside the phase diagram and describe the microstructure change in each heat temperature step.
[bookmark: _GoBack]	Age is a heating procedure that can be used to achieve a maximum strength without losing a significant amount of ductility. According to Avallone & Baumeister (2017), this heating procedure involves formation of very small dispersed second phase particles with the initial phase and helps in making the Al-Cu alloy strong and hard. The equilibrium solid solubility of copper increases as temperatures increases and is maximum at the high melting temperature estimated to be 5480 C. Hence, at the temperature above the solvus copper is completely soluble and if the alloy is held in such a temperature for enough time to allow the required diffusion, the copper is automatically converted completely to solid solution. For that reason, the maximum strength can be achieved by keeping the temperature under the solvus where the equilibrium state is made of two solid phases namely the solid solution plus and intermetallic-compound phase. The moment cooper alloy is in solid solution by maintaining the solvus temperature and decreasing the temperature much lower the solvus, the solid solution changes to a state of supersaturation  and the alloy searches for the equilibrium which is a two-phase condition and through solid-state precipitation the second phase emerges (Avallone & Baumeister, 2017). On the other hand, at temperatures in the natural aging range, as time goes by the distribution of copper atoms takes place to the dislike planar aggregates from random settling on the particular crystallographic plane of the aluminum matrix. These aggregates create coherency strain fields that increases the deformation resistance and their formation is in charge of changes in the mechanical properties taking place in the natural aging. Also, during higher temperatures, transition establishes the approximate composition of Al2Cu which develops and further increases strength. The overall process helps achieve maximum strength without losing a significant amount of ductility.
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