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2023 Intellectual Merit 
DMR-2042287 Onset of Heteroepitaxial Recrystallization under Static Annealing 

Victoria M. Miller, University of Florida 

Heteroepitaxial recrystallization (HeRX)—where Procedure 
a coherent γ grain forms on a primary γ’ 
particle—is observed under static annealing 
condition for the first time. 

• No evidence of HeRX found in unstrained 
sample. For γ grains, grain orientation 
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spread (GOS which indicates stored energy 
of each grain) is less than 1°. This implies 25 μm 
the initial stored energy was not enough to [100] [110] 

initiate recrystallization. 

5 μm 

• The compressed sample’s GOS suggests 
that stored energy within γ grains is 
significantly reduced (which indicates 
recrystallization) while that within the 
particles is persistent as recrystallization is 
challenging. The potential evidence of HeRX 
is marked with arrows. 

• Detail image of potential HeRX (black box) is 

Procedure 

6.2% height 
reduction γ’ elements 

plotted where clearly segregated elements 
(γ’ phase) are embedded within γ matrix with 
the same crystallographic orientation. 
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Presenter Notes
Presentation Notes
First row: procedure, IPF (inverse pole figure), and GOS (grain orientation spread) of the unstrained and heat-treated sample. IPF map shows the crystallographic orientation of each grain with color that is seen below in the color key. For any two grains with higher misorientation angle than 5 degrees (conventionally used threshold for low-angle grain boundary), grain boundaries are plotted in black lines. Bold black lines represent the phase boundaries between gamma and gamma prime phase (higher than 5 degrees again). Finally yellow lines are plotted where coherent phase boundaries are at (boundaries between gamma and gamma prime but less than “1 degree”). GOS map of the same region indicates the stored energy of each grain. When a grain undergo severe deformation, its crystallographic orientation gets interrupted. By measuring and averaging the internal misorientation angle of each grain, GOS value is achieved.  Stored energy of grains increases when the strain is induced (e.g. compressed or tensile specimens) and reduces when the energy is used by recrystallization. The unstrained sample’s GOS is low (less than 1 degree) on average but still detectable level. This indicates that stored energy was small prior to the heat-treatment (as the sample was never strained), and therefore, not sufficient to initiate recrystallization whose driving pressure is the stored energy.

Second row: Procedure, IPF, and GOS of the 6.2% compressed sample that is heat-treated after the deformation. IPF map’s boundaries are plotted the same way as the above IPF map. This case, evidence of heteroepitaxial recrystallization is observed and marked with arrows. The detail of HeRX is then highlighted with black dotted box and further explained in the third row. The GOS of this strained and heat-treated sample shows two notable features that is different from the unstrained sample. One is that the GOS of gamma grains is significantly small which is even lower than the detectable limit. 6.2% of compression would induce the stored energy to the system, and the observed significantly small GOS of grains can be understood that recrystallization occurred to reduce the energy. The other feature is the high GOS within the gamma prime particles. The recrystallization kinetics in the gamma prime particles is known to be slower as the rearrangement of atoms in gamma prime is impeded as it is an ordered phase unlike disordered gamma phase. Therefore, the high GOS of gamma prime particles suggests that the stored energy was induced during the deformation but was not reduced as recrystallization was challenging.

Third row: Schematic diagram of HeRX and detail feature of HeRX featured in the second row. As the gamma grain templates off the primary gamma prime particle (larger than micron in size), the orientation of HeRX gamma becomes the same as the gamma prime. Due to this, they cannot be differentiated in the IPF map where the color of each grain represents the orientation. As gamma and gamma prime are different phase with different composition, identifying them via composition analysis such as energy dispersive spectroscopy is still possible. The purple gamma prime particle (likely used as HeRX site) that is embedded by the gamma grain is revealed in the element ratio map. Chromium signal is used for this as Cr selectively segregates into gamma phase (thus, Cr deficient region is gamma prime).



  

          

       

       

        

        

      

       

       

       

        

  

 

2023  Broader Impacts 
DMR-2042287 Heat-treatment on brass with induction heater and skin effect 

Victoria M. Miller, University of Florida 

This project has supported the work of one PhD student, 

four undergraduate students and one high school 

student. The high school and undergraduate students 

have worked investigating the hypothesis that the “skin 

effect” in induction heating will result in spatial 

inhomogeneity in recrystallization and grain growth. 

Miller has additionally incorporated more recent research 

results into her undergraduate Physical Metallurgy I 

course. She has incorporated processing of multi-modal 

datasets, exposing the students to high dimensional data. 

Where Materials Begin and Society Benefits 

Presenter Notes
Presentation Notes
One graduate student is working on this project. For effective heat-treatment, a new setup of induction heater is designed where the accurate temperature control is possible via open-loop feedback. 
The induction heater is known to have the skin effect where the alternating current is unevenly distributed across the specimen. This can lead the heterogeneous heat-treatment and affect the recrystallization kinetics (uneven recrystallization and grain size distribution can be resulted in). 
The new setup of the induction heater allows two undergraduate students to investigate the impact of such skin effect on the microstructure evolution in brass. One of them has worked on it this year spring and summer, and the other student has taken over the task. The result of this project has been presented for the senior design project of the graduated student, and will be presented by the current student as well.
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